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wonuentzésme This i nvention relates to a net hod aouw/AuU2005/001899

10

15

20

25

30

35

apparatus for |locating events , such as intrusions
into a secured prem ses, or breakdown or other events
associated with structures, Solthat the |ocation of
the event can be determ ned. Background of the

| nvenAppARAPOS AltH SMATAOPEFORAUE oK | ACAOUNTERYEROBACARING

di scl 0Sed 1T n ouy P 219247 § [, . The
contents of thg,u%}%@ W}%i& :ﬁq.g.@n. Borat-e6— Nt 0
this specification by this reference. The system used
[ e al Vei{ei i fij;:.g:,q1 US patents utilises a Mach

Z ter in which

c Glivit=e rivprespzigat inwj atiemdics aame thash iarst arpanatasufayy

t hig dd v i df SN c esddn REY AR N alre AU SR dReAN
event, the location of the event along the sensing. .
dRAE IR mRF RF WL 1Pz MRS SYRIERS GHRATA S, I th

bes tiaictuRded so TiNisE tife Nl cda teiantoMatidlrdiferthedW be
sensor._portion of the system the difference in the

ar‘fefsiifaﬁnp’t'ﬁfg of the counterpropagating signals at the
detectors can be used to calculate the exact |ocation

ofpd Rsddrdaty de W sensor . This type of
S

meter or infrastructure

sdmpanagtuppnd asnd 4% Hasahing santh@remisslosed in
eXRRetiN DAl SBuMMy Ld teErdTvent iHe dehdi &L lof these

of the invention is to i rove the system and, net hod
Gl RASEALE (ShE ARSRERANGT e e S faqagon by
notlei = xeeffetaroat i on of the event can be provided. The

i nvention provides an apparatus for detecting and

| ocati ng di sturbances, conpri si nctlg:
The system used in the above-identified US patents

utilises a Mach Zehnder (MZ) interferometer in which
counter-propagating signals are provided. By measuring
the time difference of perturbed signals caused by an
event, the location of the event along the sensing device
formed by the Mach Zehnder interferometer can be

determined.

Thus, when an event perturbs the MZ sensor portion of the
system, the difference in the arrival time of the counter-
propagating signals at the detectors can be used to
calculate the exact location of the perturbation on the MZ
sensor. This type of sensor can be applied to perimeter
or infrastructure security applications, with typical

sensing lengths exceeding 50 km.

Summary of the Invention

The object of the invention is to improve the system and
method disclosed in the above-identified patents so that a

more exact location of the event can be provided.



at least one |ight source; an optical systemwth at
| east one optical wavegui de, the optical wavegui de
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di sturbance can occur and affect optical signals from
the |ight source when traveli _through the wavegui de,
in the detection zone, along g%unter-propagatlng

opti cal channels; at |east one beam separator between
the |light source and the optical system wherein the

be m sep: t t b .
o APV aRTeqn BECFIRcEACR APECRECSP Fosfothgting and
cabﬁhgﬂngfdﬁagatbagcepblcampchanngls at | east one
poi ari zat! 0g,CcaLER! bhe 9BgREDLEuLGaNAge Opt cal
0

properties sard counter-p ating optical
channel s, the pEF&FP%aFNéﬁe@oHPFgIP§r s8FhsPPRgoptical

OREb%@hlaEOPQH@ %@tﬁ%hlahabégﬁhdﬁnha@&nbhatOﬂbaed one
gnhal’s when propagati.ng to I e _detectian z

| | sabetienISeRe Bt MHGTed FoTRE BRrr: S en gBe mEgect
tf:.@‘ilﬂ.OIa;SJng%,]JsOftﬂm ahiel ddlghsi goalrseathen ttn:averlsmm
tﬁ:gxr%et 2 AL ATAGR REAC ARG SUR LhAP b0
) NS 9AE ‘processi ng uni t bei ng dper abl
t@:dtmctaln-zzew@amaaro@mfoptﬂ#@aé shanpedee in the

detection ZQEElE%%@]@n@'BE%E?Q%@aQQEWEeBe&MGEQ &he light
whi ch effects of the dlsturbance

deoaEcs anghdh 2 TSR T 0 MHER dﬁ’teot’}ﬁ?é“ separator
ORiduRAle S\ QY Hwd aiealnaasmwa:mam@qdmaar iweatdgoride for

cont rol | n th feedback contr
p&aFh 2 ingﬁaégh?¥%ﬁﬁ Gi%ﬂ%?%ﬁgh T e aﬁ%%?ﬂ%%ﬁ:ﬁéﬁ%ifl
Sighaainetlesnoi se ratio and to mnimze a polarization

contributi O%tt q.e%@td oHid Ea%rl%%%abﬁto‘ﬂe%ntﬁx@ier R¥petlable to
| east one o seekl ng predeterm ned rel ati onsh

batamage m@rqazlammpws%s tqfa fiist rf-’mftﬁ?sr'Pr°Pag£ting

optical channels, the polarization controller adjusting
optical properties for at least one of the optical signals
when propagating toward the detection zone;

at least one detector coupled to the optical
waveguide and responsive to the optical signals after
traversing the detection zone;

a data processing unit coupled to the detector,
the data processing unit being operable to localize a
place of the disturbance in the detection zone from a
difference between times at which effects of the
disturbance appear at the detector; and,

a feedback control coupled to the optical system
and to at least one said polarization controller, wherein
the feedback control and the polarization controller are
configured to maximize a signal-to-noise ratio and to
minimize a polarization contribution to said difference
between times, by at least one of: seeking a predetermined
relationship between polarization phase transformations
along the counter-propagating optical channels, maximizing

a peak swing in intensity at a point of interference of



al ong the counter-propagating optical channels ,
maxi mzing a peak swing in intensity at a point of
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of polarization for one of testing and adjusting a
bal ance between sai d polarization transformations for
t he counter-propagating chanfieBs~. The invention al so
provi des a nethod for detecting and | ocati ng

diﬁhérbéﬂﬁ§$ aﬁ&nﬁéffiﬁg aﬁsiﬁbﬁfsgfﬂﬂeanQp&i&ﬂizatlon for
ystem Ln ne o wav.e
SRR PR et BHEY fhe ART s hSacR ke fondS hdtusShnraida
d|pbhabaaaelcantnansf¢rmataensofaffEhé cptntatr-sropagating

prgggggé*gg al ong count erpropagating optical channels
fromat l[east one light source to a detector ;

separating fromthe at | east one |light source, and

CopRL i PEveRtfoRAENsOf pLbeigoYNE %éEﬁ@@aﬂéI:' @st@euﬁel and
channel| s, aéhleast two beans; papa opti cal

prOPERFIRE F4SEREPZRGRT er GPBRELSER g optlcal channel s
usi ng a pol assabhlshnoftawl detidcal veyytaptindluding at least

pr r r of.. t he tica nal s
oHE b ERan S vllevEldD SPFataibalcoPBhy o8y D0d0E Gne
de@etechgonheongtabawhsc@nalélatuébamcaveaslngcmhe so as to

def £e4&eN, mﬁ@i‘&ai‘”&&ﬁ&f& %Pﬁ ggétﬁh{,fﬂ@a&ecél&w@fn

times at effects e di st ufbance™ appear
t REPRAGREIRG coRBLRRLr chrnRAYSt FREM chlinke?s a?%%rllght
t r syeFEé NPo Sai detletestt on zone; calculating fromsaid

di ff bet times and .| oc

dlet eg{ Fg(r:}ezo%%?m%?%?’aﬁ% %?etlﬁea%l é?#’ba?f&%hlg’c%\" rEpree,

mhemélqoepldnganngongach ¢fiethpt coahter opeospagating optical
OBRLLAEES P OY! HLAGL aL8iLlhs 51 ONAL L0 the

ari zati on COI’]tI‘O | er that nmintains a
Slgnal-to nNaRAFEHg PRkical properties in the counter-

propagating optical channels using a polarization
controller to vary optical properties for at least one of
the optical signals while propagating toward the detection
zone;

detecting the optical signals after traversing
the detection zone and determining a difference between
times at which effects of the disturbance appear in the
respective counter-propagating channels after traversing
said detection zone;

calculating from said difference between times
and localizing in the detection zone a place where the
disturbance occurred;

wherein said managing of the optical properties
comprises providing a control signal to the polarization
controller that maintains a signal-to-noise ratio and
minimizes a contribution to said difference between times
caused by polarization effects, including at least one of:

seeking a predetermined relationship between

polarization phase transformations along the

counter-propagating optical channels,



mnimzes a contribution to said difference between
times caused by polarization effects, including at
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bet ween pol ari zati on phase transformati ons al ong the

count er-propagati ng optical channels ,maxim zing a

peak swng in intensity at a'p&iﬁt of interference of

the beanms , and varying an input state of polarization

for one of teskinyzong @dﬁﬂéﬁiQ@lﬂgbﬂhaﬂﬁﬁeﬂﬁiﬂ@eﬁt a point

said pol a |za§ op_tran ﬁngﬁ $ﬂs for th

count er pfopay F r%ﬂ%ﬁn% TREPHvedtfon al so

provi des an vapybngdaneimpdtf@taﬂet@ftpmganndatb@mtfmg one of
d'Sturbaﬂésélﬁ f?ﬁ&'&& &Eg?ﬁé fXﬁéSUEéE&é&Q Eglét

| east one mave ul xten I nNg al ong at | east
one deteE?l%ﬁlzeheoattmhneﬁ°§m@ts?@$bﬁﬂ@etbancg%@b¢r-

thereby ptégebhogngpPbhanhessgnal s propagating al ong
count er-propagati ng optical channels fromat | east one

light source to a detector, wherein at |east two beans
arEheepnvaneﬂoﬁramsbhpraﬁ;&easanonﬁpkbgé& metheé Asd

CPHBLHEbALoaRacRogh e Ll APUPLEPARLRRTARELDR. 08" biLotica
despetend afcéndinhg béaheahavenerapt;gea vaveduidet eyhending

Z0QgoRgUa 8 iéggtdbﬂéeHSEGStiéndﬁgﬁénheeghieﬁ a disturbance
calculating a | ocation_of the disturbance in_the

deFéEtPSﬁufonEPeﬁﬁBYeﬁﬁfﬁﬁelpqp?evéﬁé%tseSHﬁiﬁse§°Pagatlng
naaaghggceahteaLpﬁbpagathﬁg bﬁtib&lcenahﬁépéOﬁﬂeﬂtaegleast
optica g nnel s _us a %lzatl n contr % L two b
VEPDEahPRE SRrBGE: EPce FEPRESF cakRopRbRoREl fEnst two beans
opéreakepagatied fhehetheophgheasy oveatlilghhesdereet and
zo r s a e
BSu%FQQ £he Q%Qh”BE Qb@gcbﬂﬁkaﬁ érB%Q%%?iHQ ﬁ%tlcal

contr gna t ari zati on
napheanﬂéSa angnap- ?Sfﬁetsefraheodaﬁauﬁbﬁnﬁezeg detected

cogtebbuth@npbamsahdvdi tE8vePs8abehYueaELELERSNCAYSREUand a
bytgggaéi%gékggcgfigcagtermlned for calculating a location
of the disturbance in the detection zone, wherein the
improvement comprises:
managing optical properties in the counter-
propagating optical channels using a polarization
controller to vary optical properties for at least one of
the optical signals while propagating toward the detection
zone, wherein said managing includes providing a control
signal to the polarization controller that maintains a
signal-to-noise ratio and minimizes a contribution to said
difference between times caused by polarization effects,
and comprises at least one of
seeking a predetermined relationship between
polarization phase transformations along the
counter-propagating optical channels,
maximizing a peak swing in intensity at a point
of interference of the beams, and
varying an input state of polarization for one of

testing and adjusting a balance between said



and conprises at |east one of seeking a predeterm ned
rel ati onshi p between pol arization phase
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channels , maxim zing a peak swng in intensity at a
point of interference of the hkeans, and varying an

i nput state of polarization for one of testing and
adj usting a bal ance between sai dpol ari zati on

transf opsabirdazatiion tikensfortetppropafari kjechannsey-.

The i_nvggt{) ggaahl I cﬁ!ﬁ%@ié provides an apparatus for

| ocatin Re position of "an event, conprising: a |ight
source/ a waveguide for receiving light fromthe |ight

S%(ec € n¥enithdh fst?:qllll %E‘t'h%rc §H~%@‘id‘é@ RhORpgakatus for
both directions along the vvavgg{ de to therebé provi de
g

cé@?@&%ﬁ%@a%@-tﬂﬁﬁ of a% gNERS /i FOPREXRATIGui de,

t he wavegui deibghigseapakl;e of having the counter

- ti tical l's e of
Che Ergoe) o3, BRVER15, B0 BeRbavAE, LBpRcksLh"the Shone
p acanreiee soc dbsdd tine drighridiisacarsedf tohprepagatepy in both

mdl?t.\(gje%‘%::.@x@ fa'l%qxgcci:lﬁrét SV eQRAGR! il 1PRiretR pHodideS counter-

conti nue t propagate aI ong_t he vvave%w de
demspage timgh ertdicadesdanals e Wevgguide, ‘the

C QIIRfrilleO PRAMY RGpMleC Af HaBiirlgs tiief evimtery-prvpagating
PR rlheld o son, enikadtRay sB T %R Wonats
cewdlehaﬂ apagetfienteahtiyc @n sixhesinal ppagagwrterp caused by or
0L LU0 dN1Sd QA QY I 1B afd AP dotindell-

corﬁro Ing po arisation sta
c marERg i g tiap lopriiana L s ivdrats wﬁme thfe propagate

Sifindls @< wiilddiyle and phase matched; and wherein
t he wavegui de conprises a first, armfor r cel vcﬂ%lelae

count er - pr ofEFEGHRF Segna for deFestddd ke

counter-propagating optical signals affected by the
parameter and for determining the time difference between
the receipt of the modified counter-propagating optical
signals in order to determine the location of the event;

a controller for controlling polarisation states
of the counter-propagating optical signals so that the
signals are amplitude and phase matched; and

wherein the waveguide comprises a first arm for
receiving the counter-propagating signals, and a second
arm for receiving the counter-propagating signals, the
first and second arms forming a Mach Zehnder

interferometer.

By matching the amplitude and phase of the counter-
propagating signals, output fringes at the detector are
produced which are easily detected and therefore the time
difference between receipt of the two modified counter-
propagating detectors can be accurately recorded to
thereby accurately determine the location of the event.

This also improves the sensitivity of the system and



armfor receiving the counter-propagating signals ,
the first and second arns form ng a Mach Zehnder
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of the counterpropagati ng signals, output fringes at

the detector are produced mhlcﬁ are easily detected

and therefore the tine difference between receipt of

the two nodi fied counterpropagati ng detectors can be
acoethoély recorded to thereby accurately determ ne

the location of the event. This also inproves the
sensitivity of the systemandnethod . In the preferred
enbBdthenpreferpedi embodinantt @€ thepuinpehbienat the input

Stﬁ&f§r9§a£b§nC9HQES§ Qfoﬁﬁgaébﬂﬂtéfg?fbﬁaeéﬁl 51gnals are
controllfg t o achi eyve maxi num out put Tri'hges meve

i N°BRREP ﬁﬁoa?n%ﬁbﬁevep%?§+m§%t?BhngafﬁénQﬁFch Fewgver, in
t cotlipti énHedminén pEASPolBELELEi 6Ht PthGes WHicHi 18ad to

sub- max mifrin visibiliti,es gcan. als e utilised. .

P STETAES medcefeds nehrbedcRpfPass Reliuikh, 576 maximum
nefninga posibiltatiens cantabsdbcbefutibaseédof the

count er propagating signals and the |ight source.

Preferably the detector_means conprises a first
dePEeferabby the B?HFﬁelc%%hFe?OBPBbﬁaﬁtFh@ detpaFer means,

ang goxeﬁﬂsdtﬂsﬁeebﬁtr£p1e£hﬁoﬁtaséh06ftBﬁeceaaﬁeér-

-pro$a% kng i Preﬁeraf é %he l i ht sour ce
PRERHP a8 ?n? ghendotheelhdh §°Bf B9 gratings

and an adjuster for controlling the bragg gratings to

th§£§?¥¥§%%§ ﬁﬂQed&@¥8#899$Qa§£ éggp%%ggé g'?f@ét detector

out pu r e | aser
o@ﬁ:e?nﬁreﬁagheuﬁgustgnaPSOPagabiegabignahe andt aofecond

Ungé tbBEbHUESr AL RE OSBREL! of OLhé EESUNLES- ﬁf&ﬁﬂ%§tiﬁ8n§1gnals.
the detectors and for processing the outputs

i ndi cate an event and to determ ne the |ocation of the
evPhéfetabbyethabbilghensothee pofipssoesi & Lagdkelightasource

having bragg gratings and an adjuster for controlling the
bragg gratings to thereby alter the wavelength of the
light signal output from the laser for producing the

counter-propagating signals.

Preferably the control unit includes a processor for
receiving outputs from the detectors and for processing
the outputs to indicate an event and to determine the

location of the event.

In one embodiment the processor is coupled to a
polarisation control driver and the polarisation control
driver is coupled to the polarisation controllers for
controlling the controllers to thereby set the
polarisation of the signals supplied from the light source
to the first and second arms of the Mach Zehnder
interferometer to in turn set the polarisation of the

counter-propagating signals.



pol ari sation control driver and the polarisation
control driver is coupled to the polarisation
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set the polarisation of the signals supplied fromthe
light source to the first and gecond arns of the Mach
Zehnder interferoneter to in tdrn set the polarisation

of the counter-propagating signals .Preferably the
dePrefersbly ethendetéetors ardbebnHebtdartoéUsMach Zehnder

f ' h t ti
o oubphe SoniPok' £k MohTELRME. Ehe EbRRPIS T dppgating
nnﬁ%gﬂéﬁsc@%h?@teérbpagbﬁldgtd@ten$0$s that dehext e by
thﬁodfffé&Oéouﬁﬂérkgigﬂiﬁgﬁlﬂﬁt&£9é8€§rgeéfgta%9e8%ed by the

t hgse S|$na S t he detectorS for processing

prOTERS r'IFh%H%Zeﬂ%EB?Hﬁﬂ?t%ﬁm%¥@§|®%€%@Fbﬁntﬂﬁ those

fissgnalsn by the dbtdctehsdesr | ptoed s DNty tﬁeQﬁrocessor
different length than the second arm of the Mach

Zehnder interferoneter so that the first and second

arbm orRe eembodingent no£ ntbhe hintdet bomt tiod f&&étfa&ﬁfﬁ& the

C S oduc s

CMREH S Lot {NEEE SO0 ) UL GO UL AL | flngthy than
lb%tswmtwnw hthe darck %hrpﬂ@umtarﬂummm so that

thm@mﬁﬁsaléﬁ&wé@@n@eam&rhéxt@ Mléﬂ%@h :hfs:aélEéh the
whi ch f%ﬁducesNépr ficial frjnges at t driftin

OURPLEESE PHEE VBHE Hhot (Gt Thie 4 dhites| granal producing
eI ebanéntli fdercsontwophiasg ché f Bighie es het o eko tvb&véﬂength

0 rtificial frin
é%iﬁﬁhédgéégfgdﬁ%% pU eciafﬁ ’W%é%q?aﬁ%d%?° ce’a
oﬁ%*'%h?—hgllpo?—hﬁ rhagsy diff £ptence ihatweer the M@ arms, in
Vi i K ¥eh Roduventd o0 8 S0, Preyi des %mﬂ@d%ﬁftlng

| ocati ng an event conprising the steps of: |aunc
| | GhHEPY t?ﬁa]%%J@@U|de so that the light is caused to
propagate in both directions along the wavegui de to

t 'F{eepé(rﬂﬁ}’ | 19% C&fﬁ'txeexr' i Jr.gorpa?f aéien er%? tci:i?taflers the phase
difference between the MZ arms by at least 360°, to produce
artificial fringes, so that the drifting output of the
Mach Zehnder’s operating point always displays its true

fringe visibility.

The invention also provides a method of locating an event
comprising the steps of:

launching light into a waveguide so that the
light is caused to propagate in both directions along the
waveguide to thereby provide counter-propagating optical
signals in the waveguide, the waveguide being capable of
having the counter-propagating optical signals or some
characteristic of the signals modified or affected by an
external parameter caused by the event, to provide
modified counter-propagating optical signals which
continue to propagate along the waveguide;

substantially continuously and simultaneously

monitoring the modified counter-propagating optical



signals in the wavegui de, the wavegui de bei ng capabl e
of having the counter-propagating optical signals or
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affected by an external paraneter caused by the event,

to provide nodified counter -_péogagati ng optical

signal s which continue to propdgate al ong the

wavegui de ; substantially continuously and
simgmalmspl,séytmiwm:hr@t@mm‘ﬂfﬂéé@ds, 1|>qoth V\%f the

c - PEO ' i si gnal s. o_1 hat en_ an
LS PO L A S0 Sl P Sipal B4 018 e dleea by
cothr esxEpupRl RIvARERY e depmdbedi fected by the
external PareRl el ks ALl ot QUMD hdifadd e
di fference between the detectjon of the nodifie .
si GHERSEIP Rhicthe efified Rianrls centexdenite Hetermine

eviehd ; 1d@uidy dhech@vegatgle as a Mach Zehnder
i nterferoneter havi a first aymthrouy th\IhZI h the
counter-prop%gtﬁli%%i He M itaIaS tarﬁ'gaé‘f Ameer
s gigurek femondtat dawing ha tiier <o untre reprapgigathidh the
O d ']&_qﬁg | o 2000 C [
p%dﬂ%ﬁ on s%%%%%y fol:t‘%e cou%%{rgpér o%%‘é |’ngarb‘?n‘)ta|l csa?‘mnd
sidfial ronah whikeh tthe eaunfigxhrneragainte eptpi¢alideignals
angrphase dwd ched count er propagati ng signals from thhe
wavegui de. Preferahly the polarisation states of the
count er pr opfé’éﬁ‘r@gﬁi%dﬁ% ROFAIS LT (UfEemeE the
p hasen et s acpunitrey’ -g toipegiat s dgh 61 < na#mﬁ rigd Nehe

[.oe e i eve J.um out put, fringes ..
\AI—@%//\BV ,d%%%%mecr%) i e t‘E'hneC{J D I"g%ti‘c}lerfie counter-
p@repagating stianslsefrde the lwaveguigmse mat ched

sub- maxi num fringes are provided. Preferably the step
the pol arisation states conprises

¢ RS PR SRRAOTD G 4P AR o AP he

C pitrdreiga iR gAlg gl < ipgfet ideMint St i 43 taiid ?{ha@”@-matched

;u§§¥ﬁ¥ééﬂﬁ¥¥¥¥§éé¥%é”§iéﬁﬁléﬂé¥3ﬂf%ﬁé”¢§5egdiﬂ2‘Jﬁich
achieve maximum output fringes. However, in other
embodiments, the control of the polarisation states may be

such that phase matched sub-maximum fringes are provided.

Preferably the step of controlling the polarisation states
comprises randomly changing the input polarisation states
of the counter-propagating signals whilst monitoring the
counter-propagating optical signals output from the Mach
Zehnder interferometer to detect a substantially zero

state of intensities, or maximum state of intensities of
the counter-propagating signals, and selecting the input
polarisations which provide the substantially zero or

substantially maximum intensities.

In one embodiment fringes for determining the polarisation

states are artificially created.

Preferably the artificially created fringes are created by



Zehnder interferoneter to detect a substantially zero
state of intensities, or naximum state of intensities
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i nput pol arisations which provide the substantially

zero or substantially maxi mumintensities . In one

enbodi ment fringes for determ Ri ng the polarisation

states are artificially created. Preferably the
ardithetﬂhbyoﬂrﬂ&dﬂﬂaﬁih@%ﬁﬁeaﬁﬁYﬁléﬂ%EHfoﬁtﬂ%_l%ght source
di ri . odul at jng- t he wavel engt.h of the |jght_.
so%{gg g%‘éi)%%ggi %i ﬁ%ua;\ BEPAR elﬂjg?lﬁagr?g Rt EFC PRt t\g%nflrSt and
t hee¢ondtazme sEcthd Mach 2é¢hnder MmwbeZébromseter.
interferoneter. In one enbodi nent the step of

controlling the polarisation states conprises _ _
cOMR r OPei ?ng?ﬁ%m%Fth%a?F%h ebrerntrelling therpplarisation

sestabes | SpubrPOLar 6@t ONL Sh@t Ehdfpd\er 858088 controllers
ource tp each input of _the

suppl jed fromthe Jight s h .

bi g‘?r‘é%??%%l s?/gc#’?ehm‘év PATRTITFoheR 7 3 B2 (PH VR signals
phsigep hted hEdom otin¢ el igh bpsoat cagtoutaett Enpunal S£ the

Pr : e ce i .

T reraer by bhe Muoh PROhRack | Lt ASEnEE o Srovige phase
t Herbphee ervrbernREoRRYEERT t PletIPt o3 3endls 360, to
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conventi onal unidirectional M

Brief Description of the Drawings

Preferred embodiments will be described, by way of
example, with reference to the accompanying drawings, in
which:

Figure 1 is a diagram of a basic layout of a
conventional uni-directional MZ system;

Figure 2 is a Poincare sphere illustrating
polarisation states which achieve maximum fringe
visibility for a conventional unidirectional MZ;

Figure 3 is a diagram showing the outputs in
Figure 1 caused by the phase differences between the MZ
arms;

Figure 4 is a diagram of a system according to
preferred embodiments of the invention;

Figure 5 is a Poincare sphere diagram relating to
the embodiment of Figure 4;

Figure 6A and Figure 6B are graphs showing
maximum fringe visibility outputs according to the

embodiment of Figure 4;



Figure 3 is a diagram show ng the outputs in Figure 1
caused by the phase differences between the MZ arns ;
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preferred enbodi nents of the invention; Figure 5is a

Poi ncare sphere diagramr el ali:[ewg to the enbodi ment of

Figure 4 ; Figure 6A and Figure 6B are graphs show ng

maxi mum fringe visibility outputs according to the

enbodi nent ofidigelr 2A dandi gilgméﬁvnhrwhséi m@iﬂgaaiﬁe diagrams
i1 [ dj how., ng_non- se_mmat c .

oo XEn CPRIEE Ta BORth M BORSR PRERER SuPR e o

di agram i | | Usigureng vsira ckeipoiee i spheon diagesn of

ONe1eQueLeEPLGPFERLLRY 559£@£55919£0¥%Q€e¥35£Ogﬁe countez-
fringe visibilities_according_ to enbodi nents of the

i NREAPRBALLIRGgB1LENal| ko sprPYEanyarirnar frdngegytaigilities
reh8tbpgihg tbeedbb@im&RUS! 6F - BhOPEFRERBLo/E gNAl ;

Fi gure 10 isFa rap& showgg the effect of \I\%| en tg

dither of tHe*F¥gRt” stur2 S oHITHR HHPPtAT of°t
uskelahingetenbbdi obheér ofothterrpeopagatihggsigndl;i s

a graph show ffec | f14 r af 4

ot in t e REEESPLE L, Gradh nodid) GRS GEELG: of
quiRyaterethodither sef nthet bighti poescereonuteed dytpwe of the

Mgl debaden bhée&hBEQIRLRE of FLRYT EndentSor; di agram
simlar to F.gure 11 but showing a 360 dither of the

phase differEhEEdetheth 3 HEFIRA FhHRVIRG theyrefiech of 2
oudpiftikggoperdBing pobhbckndibgrmm ehitput| réhich drifts in

e i t_pf ' tion; Figure 14 js.a_diagram of
an?{;%i JCSEF ?}gcﬁ&%ﬁlﬁg‘é}?g! n?ar FR7 o“?’ré né?lﬁé%% jl:.ﬁl?‘g%s produced
priy ethe dMaehodehedes ; irteguferdBetera di agr am show ng
t he Contr0||ﬁigﬁ¥e 12 is a diagram similar to Figure 11 but

showing a 360° dither of the phase difference between the

MZ arms for a drifting MZ output;

Figure 13 is a block diagram of a first
embodiment of the invention;

Figure 14 is a diagram of a typical Mach Zehnder
interferometer used in the preferred embodiments;

Figure 15 is a diagram showing the controller of
the embodiment of Figure 13;

Figure 16 is a schematic view of a second
embodiment of the invention;

Figure 17 is a block diagram of the controller of
the embodiment of Figure 16; and

Figure 18 is a block diagram of a third

embodiment of the invention.

Detailed Description of the Preferred Embodiments

With reference to Figure 1, both outputs of a conventional
unidirectional MZ (shown in Figure 3), which are
complementary, will drift and vary in an approximately
sinusoidal fashion with time due to environmental and

other effects. The maximum possible amplitude, or fringe



the enbodi ment of Figure 13 ; Figure 16 is a schematic
view of a second enbodi nent of the invention ; Figure
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enbodi mnent of Figure 16; and Figure 18 is a bl ock

di agram of a third enbodi nent g the invention

Det ai | ed Description of the Preterred Enbodi ments Wth
reference to Figure 1 , both outputs of a conventiona
unVﬁsibilhbyaloﬁﬂthehmmmehleygdfebSth MzZwbu€pubsecan be

CPEB&SE%Q} H&ﬂghm§§ﬁg§ta89 ¥RLYpb arlsgegagxgga£e'yof the

S| NUSOI I e due t environnent a
otﬁetegfeeeng s¥gpapaxinubheoMsi bhtenfiprongtier arms. . It

ffh59§85§hﬂlé'h¥ cBhtbbe tﬂéeaﬁigﬁmgﬁtbekh Y¥aPHLRYE Sn
can be related to the _alignnent Of pol arlsatlon

staFaEesf°FhEth%QFF§FFﬁgng|@havglﬁn ?ﬁ@ fperefore the
| NEeihgeoPREEbiBLEY of . aInzyproasnbkellgngoahéObolaelsation

I t . of | arisati t at f.th f
o 8RarEe 1hgeBrataralciRneie 1 RBRE Fers; FibSeor thypact,
ytbenererelhQOtPQSpbbaeipalanhsatiohestaghs stgbhé input
t NeebPdE LREUchbDLoYz! Lol AihichNPAE PLEnblUOVROPBLRLEY of

pO arisation states at t e 1np ut
f okh@hPREPEES PflﬁgénwﬁéFBFFi?yabeﬁhésoﬁtp@tgaﬁimﬁm

unaﬂpfaaahgﬂgluﬂztys athﬂsnﬁ§|§H8WﬁpﬂﬁOﬁ£$h£Q BNELY - a
gur fo a unidirectiona

LerRieiepaPiparl BhMibEng o PoRarRa copherAukp nighustrate

f r thgemarputumpbiingeaihputspalasisasoshsvates. Fi gure

2 , there exist two unique polarisation states at the

i nput of the MZ 10 , for which either output of the
cohgenbevnainyufigirec?y obheraresist hwocunigusi poharisation

fréﬁﬂ€e¥|§tbthét¥npﬂﬁe8fpkﬂétﬁﬂ P60 1By FRh{GR' &ither output
sphere, these twp pol arisation states are

d|aﬂeFP?caPPveabbB§%a up} dhreeFLePRAt ME oWELuRave, 3¢ paximum

I nfedphgesvhavbishewn WKeRIpIeoted| yntthé PBencare sphere,

blghéggtkggaﬁokﬂrlsa égnbstnggtEQe diametrically opposed.

With reference to Figure 4, the inventors have shown
experimentally that the bidirectional MZ 10 can be treated
as two separate unidirectional MZs, one for each direction
of propagation. However, the two counter-propagating MZs
are not completely independent, and do share an important

polarisation related behaviour.

The counterpropagating outputs of the bi-directional MZ
will also drift and vary in the same fashion. For each
direction, there will also be two input polarisation
states for which the MZ outputs will achieve a maximum
output fringe. Although the choice of either one of these
input polarisation states achieves a maximum output
fringe, and thus a maximum sensitivity for a conventional
MZ, in the case of a bi-directional MZ used to locate
events, the choice of input polarisation state for each

direction carries an important significance. For this



as two separate unidirectional MZs , one for each
di rection of propagation. However, the two

woaQusioessopr opagat i ng MZs are not conpletely PCT/AU2005/001899

10

.15

20

25

30

35

i ndependent, and do share an inportant polarisation

rel ated behaviour. The sountejgropagati ng outputs of

the bi-directional MZ will also drift and vary in the

same fashion. For each direction, there will also be

t dbstnpaiopel aki wallohesaasumetokhaki eRly hengrMa pptput for

%hbhaahlke&elanﬂﬁél QuBEOYERYL Bhlneew...N.t hough the
choice of either one of these input polarisation

states achieves a maxi mum output fringe, and thus a
naxvahntﬁanstheret;réotwa posgshileohapubVpolartiketiane
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arrsatlonsfate eac Irection
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direction CCWut) Gven that th Lg
apenplEapesysile aEhAEY e BREL ISR PYSPUEafELnES, VEgiRilities

dirpeChbeh Wikebtaochiseves maxi mum fringe visibility,
then there are four possible pairings of

count er - propagating i nput polarisation states which
WiTthle buw&h&ameﬂu&hﬂ MZhilévehoemi dnmFdgupet 4f Hingdudes a

K%SI hleld 188 {01 Eg at%CE! bre Iggdhﬁndﬂéﬁﬁkhpﬁélto the
shown |n Includes a coupler C4 to

| Mo sposare éuéaldbf e Thil-is M RIRATL G (TRY \BS sl P the

. sylsad? aBhisk Iaql%% &roac@n@&bsmttl@nsetf lﬂhet he
syStemas it allo for enqaps%%atlon

o PRGNS =5 Rk SESEEIAER o AT Sﬁﬁlgﬁmts jn one
ORI &InitNiZ0 . ZOAIHCSG.HGWMQW gwonpolarisation

|
po i Sa&:?%nﬁg C(’iﬁtroleél??‘]e 4143 %gﬂ%% M&hto

Isation state to
thmrﬁﬁoﬂo ther nﬂm:mb(lcﬂm@mlm) sd:radwcdw the Mz 10 for the

rqcﬁévﬂgg)ﬂ SEld oW Cld fiber-RRAKWIR)Y directions,
ntro I ng t i nput polarisation state _in thg Iead

fmﬁeaoetﬁtlarq@wz cé-"r?“&'ﬁﬂ]é'v"é‘%d'ahem}rﬂ ARLa 1 state in

the lead fibre of a MZ can achieve maximum output fringes.
This can be applied independently to both directions on
the bi-directional MZ 10 in order to simultaneously
achieve maximum output fringes for both directions.
Various multiple-plate, voltage controlled polarisation
controllers can be used to control the input polarisation
state, and can include liquid crystal based polarisation

controllers or piezo-based polarisation controllers.

For the CW propagation direction there are the two
possible input polarisation states which give maximum
output fringes - SOP;, and SOPi. Equally, for the CCW
propagation direction, the two possible input polarisation
states which give maximum output fringes are SOP2, and
SOP,,. These polarisation states can be represented on a

Poincare sphere as shown in Figure 5.



This can be applied independently to both directions
on the bi-directional MZ 10 in order to sinultaneously
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Various nultiple-plate, voltage controlled

pol ari sation controllers can be used to control the

i nput pol arisation state, and1dam i ncl ude liquid
crystal based polarisation controllers or piezo-based
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i rection ere are e two possibl.e i npu
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are 4 possible pairings which will sinultapeously |ead

t Fripgamih Fiidgdsy ArdhAte SHATH LGRS 7P AFf s

CWwut and CCWut of the bidirectional MZ (SOPi a and

SQP2a or SOPi, and SOP2b ,_.or_ SOPj nd a

S U RS Sha T VTR e R BRA R A fyhed

|Qﬁsk#mpmfﬁiin9¢NﬂQuﬁﬁEﬂ'ﬂEnRRQEﬂﬂnqnidpnnnﬁQIagﬁ;ation

vigiDidd t%réaﬁd@d%aeéﬁ‘&t gcxpzmyt cash |(BoRNASEd JOB,.) NeThis is

exanple shown In Figure LT He p ase matched maxl mum

f rahpymn courthe EiguwirgyRA mpd Rt pol ari sation states
are: (SOPia and SOP2a), and (SOPi b and SOP2b) . This

is shown in the Figures 6A and 6B. FEigures 6A and 6B

S HEAGHRRS \GR AR IFBES BIRIATRR PRARE | S5 PRARR 3
S@Rrer sh P 2tanmall i S0P 84d S0H,.SOH [FigmuoteSERZL and SOPip
Fi qu . This. e-and anplitude matching condition
'saqllérgsor zan%nfg%gpﬁé %éator system as it wll allow

for the nost accurate |ocation of events on the

Sefs] N GieAll Cad@® D PELEILT MPteh il ScdkdSidha s | impSrtant
essenti'al that there is no tine difference etwgfn t he

Cd@ﬁgeﬁh?”QRﬁ@ﬁR;rﬁystem, as it will allow for e most

accurate location of events on the sensing cable to be
determined. This means that it is essential that there is
no time difference between the counter-propagating
drifting MZ output signals when the MZ sensor is in the
rest state (no disturbance). If the counter-propagating
outputs are not matched in phase, then this will lead to
the introduction of an error in the time difference

calculation and thus the calculation of the location.

Figures 7A and 7B show the counter-propagating MZ outputs
for the non phase matched maximum fringe counter-
propagating input polarisation states, namely SOP;, and

SOP,, in Figure 7A, and SOP;, and SOPz, in Figure 7B.

The achievement of counter-propagating, phase-matched
maximum fringe outputs leads to two important results with
respect to the system. It allows for accurate locating of

events, as well as maximum sensitivity of the bi-
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drifting M Z output signals when the M Z sensor is in
the rest state (no disturbance) . If the

WOQusiog¥s0pr opagat i ng out puts are not mat ched i RCpAAR@)S5/001899

then this will lead to the introduction of an error in

the time difference calculatigp and thus the

cal culation of the |ocation. Figures 7A and 7B show

the counter-propagating MZ outputs for the non phase
nedgregipBRILNYA-f ri nge count er propagating i nput

pol arisation states , nanely SOPia and SOP2b in Figure

7A, and SCPi b and SOP2a in Fi ure 7B. . Th chi_evenent
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UBERSYELCMLL! 18! LS FRLABRILEL kOGR! LRY.AL Henps

, as as¥nexi mim $eRgit irectiona
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age! obknde @Bﬂuﬂh?SQaEEEQQQQnCQQQEErpQEQQaQﬁEbﬂgalso lead to
out puts are nat imted onl to the i nput po arisation

spapdd tiifec Andc Rhave W&%FheﬁleﬂFBHFsﬁr Hye¥ithTRupsmagimum
aE&Qn@epbﬂE&bh&itﬁésoth@brlaﬂﬂhpm§|aﬁksablpﬁssﬁbné to

TRERENT G T e
F&heefampbe VﬂSlb&lp&QSbﬁlboth adppstsbmshldentlcal and
piEQE'%ﬂ%hoQh%o%hEQ?E%E%ﬁismgﬂgmﬁﬁ ékcgobﬁatthe hase

fringe visib both“outputs is identical a
| ma&chrdn tﬁétbﬁégheﬁl@&ﬁuﬁﬁiPﬁuﬁpofrEGGﬁ;VB§ﬂb5H&§¥ will

n&baae@o AIEEGH&Ql%nr&QU%thEth91E&|Bgethbsbﬁﬁhbbbtlonal MZ
toare UCtIQn I N sen

b a6, doha 3 $heoexdacenvieabiliky; La habl: sedativply
|hlbhpufbelakampm¢ bﬂg&)gf&m &sasph&l>§5%ﬁlbletfbx the

SLUEL BOSS! BLE 30 (LNS SYSLRD 10 L3l GHLALRACE LA ftaining

tlons mal ntal ni ng an accep
sensappﬁpwyblﬁhéevaﬂuaﬁ'gnnsntﬂvnmge V|sibility of the
M Z out put for each direction in the bi-directional M
Z can be plotted on a Poincare sphere to. show the
rghgtW@ﬁ§ﬁ¢ﬁogeﬂﬁegﬁlpﬁﬁuFlSlblllty of the MZ output for

each direction in the bi-directional MZ can be plotted on
a Poincare sphere to show the relationship between input
polarisation states and MZ output fringe visibility. A

typical response is shown in Figures 8 and 9.

The two unique input polarisation states which lead to a
maximum fringe visibility form two opposite ‘poles’ on the
sphere, SOPc;; and SOPqy2 (Figure 8). For non-maximum
fringe visibilities, polarisation states of equal fringe
visibility form latitudinal belts, with the equatorial
belt E representing the polarisation states of minimum
fringe visibility. Moving away from the poles, towards
the equatorial belt, say B; and B;, which is midway between
the two poles, the fringe visibility decreases and becomes
a minimum at the equatorial belt E. Both “hemispheres” are

essentially mirror images of each other.
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typi cal response is shown in Figures 8 and 9 . The two
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maxi mum fringe visibility formtwo opposite poles' on

the sphere, SOPcwi d SOPcw2_(fkgure 8 ) . For

non- maxi mum fringe visibilities, polarisation states

of equal fringe visibility form I atit udinal bel t s,

wrhke pheitdgoent ofi abpbeingbmpapmuncfringet Mésibility poles,
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Movi ng away fromthe_ poles, towards the equator
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Looking at the CCW direction of propagation (shown in
Figure 9) in the bi-directional MZ 10, a similar
relationship between the fringe visibility of the Mz
output 1, 2 and input polarisation states can be seen. The
position of opposing maximum fringe visibility poles, and
therefore the latitudinal and equatorial belts, will vary
according to the birefringence of the bi-directional MZ
system, which includes the input lead (Licaq1) and MZ arms 14
and 15. In fact, the minimum and maximum fringe visibility
values are the same as for the CW direction for any given
time, only the absolute position of the maximum fringe
visibility states, SOPccy1 and SOPccy2 is different when

compared with the CW direction.

The optical fibre cables that make up the apparatus of the

preferred embodiments are actually installed in a variety



Looki ng at the CCWdirection of propagation (shown in
Figure 9 ) in the bi-directional MZ 10, a simlar
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output 1 , 2 and input polarisation states can be
seen. The position of opposi ngjréram mum fri nge
visibility poles , and therefo the latitudi nal and
equatorial belts , will vary according to the _
bi eEf enngronwentst Wbebe - thepcwi bhabe Mub jysted) t?ﬂ:lll Chd
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fringe visipilities of both Locat out utsthrough
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So, in arealistic installation, where envi ronrren]tal

f an es al on

e iR éél*%?ffﬁ%%%%%@%éféﬁ&?h&% oS, L
ViReeRIIAFRstofsearch canpd of I\Fla ermm pﬂwatm states
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pr ferred enbod IS necessary to searc

‘?‘Hb‘?ﬁp‘ifg 259 s%ﬂ‘#b M%t%@‘?%rhat‘ﬁé‘m% FaxsyEringe
div:as:tbn‘mst;ofartdleoé’nrﬁb' Etdsomid tdited 0 VNS wHprEesd whild be

aV|n thes frin visibilit
R e B e R R T T KL VER
bf?ﬁﬁqﬁlo#nmgthm@qmimm ddrtmitimrs. WA [rsimber of
scrambling algorithms could be used as long as they
achieve the coverage of most of the possible input

polarisation states in a relatively short time.

Once these input polarisation states are found, they need
to be set to achieve amplitude and phase matched MZ output
intensities. To keep the MZ outputs in the amplitude and
phase matched condition, it is also necessary to continue
adjusting the input polarisation states to compensate for
any PIFF that may lead to non-matching counter propagating
fringe visibilities, and therefore non-phase matched MZ
outputs. This requires knowledge of the actual fringe
visibility of the counter-propagating outputs of the
bidirectional MZ.

For an apparatus which is using a CW laser as its source,

it is not possible to continuously monitor the fringe



scranbling the polarisation controllers . A nunber of
scranbling algorithnms could be used as |ong as they
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pol ari sation states in a relatively short tine. Once
these input polarisation stateg are found, they need
to be set to achi eve anplitude and phase matched MZ
output intensities . To keep the MZ outputs in the
anpsibddéting pHatbentwohMd cvtpptsenespecialiysén the

NGHEERRLY o0 a§ SRL-BUR AL, USThAg E.erlaEQHEepQ’hér k$Abi @Aken
states to conpensate for any PIFF that naggk

ﬁﬁFcﬁhﬁgM@oGHFEPtpﬁaﬁﬁﬁéﬁﬁﬁ&sfFPn@@ vhEP 591 £2inge
aaﬂupﬂ.h%hafaoé&cﬁeelbhaﬁelmibﬁhydwﬁﬂtﬁ eliinpUbAd. wIl’h[l.Sbe a

k f. th t '
 REREEERpa PR BEaEANNRY BRAST: SBFEIREIBR FacPPEATRr 18
ZandF35 aff &bpaMat 49 ,waiscweild a§|myeaP@EFldyertasthﬁsrandom
SB&&%%mhlgeh%en QhaRGSS Ehe the ‘EQB&EQUQ!%}_{; PRR| tehgtheos

fringevisrbp ties MZ outputs , especially
|ﬁhﬁhbla§é§ﬁ§§lepaély@uﬁU&ﬁ@@s . This is because the
time taken for the MZ output intensities to go

throu h a full fringe litud I ] .
enetase Shyis PeoBIndT the AEERTHL e EOP Endo AR SR £ringe

fb&a&aabxd&tslthoéhtaemsof4thedMZSoutpuhe1hﬁeh@;tass if
a%ovae tgtrF;ggU%rt Q trge ctrlgggo DI r%ta_y o1 98NS x samum

chan in

res a | engt
bnnGEP@G#WDA&NeWZ sF@#@nﬂSHbﬁﬁvéﬁe | e|§e§@s§FbFéxF@um

dgleQfet &%t%@tltae@a&xw Rnfiljued&cS taahﬁx&hhﬁtt griioge
ei ther of the MZ output |ntensities if %§ nove
i

FGH&Hl&FYVer§°bI5§E fo &diéﬁﬁt&Pnﬁ&x#Wh SEmn ¥R

I @dlariBaitsonS dontaddd eirfze aze foheO A nifitismof theckbi-
tensities.acre unique to a imum f,ringe yi i

S HﬁﬁggiQ&a&lﬁgﬁtﬁgngﬁ ngﬁgﬁﬁmﬁﬂw 'po §r|sg??€Lf%%

cdhﬂmnhh@msgawhbheeqqmnad.ahpmheHmlamusaﬁmognawawgs, which

ag,3hq) g%&é&a%egpkﬁtﬁ +h@N SR ol e dgﬁkﬁﬁ%hm Mz R&put

requir i nput _pol arisation states, which
fringe visibilities, is to use a polarisation scrambling

technique to randomly change the input polarisation state
whilst simultaneously monitoring the MZ outputs. When the
MZ output intensities reach a zero (or near-zero), or
maximum level, then the corresponding input polarisations
can be used to set the MZ output intensities to maximum

fringe visibilities.

Given that there are 2 possible input polarisation states
that simultaneously give a maximum fringe visibility for
each direction in the bidirectional MZ, and that only two
out of the 4 possible pairings of counter-propagating
input polarisation states will give phase matched M2Z
outputs, it is necessary to check that the chosen two
polarisation states yield phase matched MZ outputs. This
can be done by simply monitoring the MZ outputs for a
predetermined time. If they are not in phase, then

polarisation scrambling can be used to find two input



are associated wth the phase matched nmaxi nrum MZ
output fringe visibilities, is to use a polarisation
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pol ari sation state whil st sinultaneously nonitoring
the MZ outputs . \Wen the MZ quf put intensities reach
a zero (or near- zero) , or maximumlevel, then the
correspondi ng i nput pol arisations can be used to set
t ieoMErbsaploni stahesi i @sdt theaixi conrésponding maximum

Vi i Phd b &Eput S VES ﬁgfiq:lﬁ@gr £oLE L 190§§J: gﬂﬂ?aéé‘ pﬁigtching .
pol ariSation stafes t si nul faneous give a naxi nmim
fringe visibility for each direction |n t he

bi ohh&& CthONSh aQ@Qm@ﬂghé@aﬁaﬁimﬁmtfﬁhﬂb@ Statd® dre found and

ossj bl e palrings of counter ro agat1ng. i nput
Bof%#fs%t?ﬁ c%%g?e§19?¥+t g a5ef cR CRpinue to keep

outlpeitMZ , omtputsnEnessphysécmatmﬁ*dt&wﬁditmbﬁh@@emdjﬂﬁklng
p [ S yiel h out put.s
Treis S6LL80e i ls (LS ol R ST Y Shier
d9°h3%$%%%%®¢n¢%@ﬁr91h%rs|40¢¢m§1@9hynot i n phase,
then pol arisation scranbling can be used to find two
|qﬁ?h%olar|sat|on states, and their corresponding

nFFRRHEIR Wbt Pe doserihed iin 14 takt c‘hl'Flbrreference
phies eF Dl edd D4 . akBCES | heod ase f@é&hﬁhﬁmmfﬁém& this

st s_are found and set,,.a tr.ackin orjthmec be
e En o | PEMn 0GRt it TR
meeetietociomgli the Mbyowdpulss | nee tduse vodt agen tinwess 1w

tf}ﬁoﬂi‘@éi’i&é‘aﬂ: o &4 efflbﬂ% p«f’i%iﬂ%?% Cré%‘?ééf“éﬁé %5 S

accord |ng . IS t ni que
de?EFRutF ¢ h '-F%f%?m% 3 guaxure sfningsd 4% is @rcegsary to

t hﬁaﬂt‘. awbarkstind s &gtﬁtlﬂt Slﬁmi‘}wegéés tit@t &Y Sery near,
thou we are continyous orjng the MZ out ut s,

o T D T SR X LS B Eoa 1 tputs
Vlmbl |rdndombf tamey Mh osppeied sand caniisl Ledde, NMEhe Ntife taken
D g R

|ntenS|ty oes , Or ver near Zzero or
i ¥fhen of cthe MZ Pykruthaviddd owagyt s Another draw back is

that if the MZ output is at a maximum fringe state but is
not at a zero or maximum intensity level, it is not
possible to detect this situation using only this
technique.

A more direct technique would involve continuously
monitoring the fringe visibilities of the MZ outputs.
This requires that fringes are created artificially in the

system.

Fringes can be artificially created in the MZ 10 by using
a transducer in one of the sensing arms to modulate the
phase of the light propagating through the fibre.
However, for an event location system where it is
preferable that the sensing cables are totally passive,

this is not a practical solution.



will randomy vary in speed and anplitude, the tine
taken for which a maxi num output fringe can be
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Anot her draw back is that if the MZ output is at a
maxi mum fringe state but is_npy at a zero or maxi num
intensity level , it is not possible to detect this
situation using only this technique . A nore direct

t Aobthewe tachhdquey Gbve sténuilatdngl frapgesoinrng Ehbre MZ is

f%'”ﬁ?d&iﬁ%Q'hEtHg%hQE he wngﬂEHBEﬁ ofTﬁh§ ﬁﬁgéerSurce

ringes are created artificially in the
Fifngedscange 28 thrrei 45 ¢ BAER é&nﬁi”rht ﬁ‘éSW'Eti’B g?tween

U%g%?M@ ti-mesducand gsqﬂeheh the ﬁﬁﬂ&&aglahﬂﬁﬁtbptlcal

nmodu of t ht propagating thr

ti‘1’é“’1‘a I—Ié&’g\?é’?‘ Z‘ﬁ°e Enf P&%g PSn a8y & %’ere

[ Erie&__xmxeﬁrer ailla tlead ttbethens:h:egtdabl ef £lre-ngetSaI | {fhis
PASRILCarl s dd ! AP LAGRNERL RO ARCAIObREEe

tegﬁllque stlrrula Ing fringes in
nddfiferense Between: vhe\Micpamgt Fagsechby) fbher Padly dength

16 shatdnONd Fas: Na@h SehnRiN 1|Oe'9¢g_tﬂh & pEhChength
bet ween the MZ arns_14 and% nth dulat on in

o pYiisEay t Ra A&t e fieh PRASSC (1E r‘?rﬁ“&? &858 Fhgs 2&fs can

O el wpﬁdsw&mgy) vv|II lead to the creation of
fringes . This cones about due to the wavel ength

dependent phase difference between the MZ arns caused
by, ggIzlezi’;i&b_&@\aﬁjgth m smatch. For a Mach Zehnder 10
vvlth a path length m smatch DL , the phase difference
Df between the arns can be expressed by: Af 2p.n
.ALLV ¢ where nco is the refractlve i ndex of the fibre

cohere nes inctRpckRfBAC IRt indeR acthn TIbRR (FPTS © is
t he\d agfifed DONLIgE il efuwRRRinGhaige AV id heC dament’ s
aggé¥46¥xééggﬂency change. In the case of a bidirectional
MZ, as is described in Figure 4, the phase difference A¢
between the arms of the MZ will be the same for each
direction of propagation. It should be noted that the
phase difference referred to here is additional to the
phase difference between the arms which is induced by a

perturbation event on the MZ sensor.

For a MZ whose operating point is at quadrature, a full
fringe excursion can be achieved for a given path length
mismatch by modulating the laser source’s
frequency/wavelength by an amount which results in Ap=n°.
For a typical fibre core index n.,=1.46, a path length
mismatch AL =1lm, and a full fringe A¢=n®, will give an

optical frequency dither of

8
Ay = cAp  3x10°x

= = =102.75MHz
2z.n, AL 27.1.46.1

For a centre wavelength of 1550nm, this corresponds to a



MZ , as is described in Figure 4 , the phase
difference Df between the arns of the MZ will be the
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noted that the phase difference referred to here is
additional to the phase difference between the arns
which is induced by a perthTERQOn event on the MZ
sensor. For a M Z whose operatlng point is at

quag6@1gﬁgthad{gﬁérf6fng@ @XMl Si on can be achi eved

for a given path | ength m smatch by nodul ating the

| aser source's frequency /wavel ength by an anount

mh@né aﬂsﬁhéSSimpIéspcwayEotoemb#plaaé thérwavelength of a

gﬁé?EQPa eradgg&g %Sng$hmga§g2%8ht aLf%eaggrgent to

ve an frequenc
duther1@$eFor @heeﬁttﬁpﬂavefehgsﬁr@thB§Van¢°th¢§ normally

COﬁé@éanﬂ§?ﬁ0eﬂ&@?ﬁ|SBHéPeﬂbéh€6 Bt sQiBable £H2 Phe

the si o nodul ate_ the wavel ength of a
st%ﬂﬂ%%ﬁaFé%%? isgessediRereift ate the drive current
to the | aser . These types of |asers however do not

have gh_enough _cohe nce to be SUIt
e e e S
f|moéulateonsoﬂrthelﬂlbequlaeerasneehahyeabrnﬁdbratBnﬂgg

OfgLQ .Qrﬁolé ﬁ£e§ﬁ09¥bé¥enﬁﬁhfhgﬁﬁlgfﬂgﬂ gr@ﬁiggéan be

to acﬁ ge vvave?en t IS can be achi eved
yaebiﬁgeélPﬁeﬁsanGeﬁﬁéhaFu?et?ﬂhﬁﬁgtﬁﬁﬁrBﬂ%hngoFPEr°aChr or

neéhﬁébﬁéhleé£$§1é58|ﬁﬂnﬂﬂ@rﬁﬁﬁbodﬁhnﬂsﬂnﬁl§Z§1ezo

transd P S t t
o1 ERROFHCRE C TBEELni nOLRED nbRPE- RERE® SHELRS T b SERY aolow.

| agke pnezbdeuningamhthud ihemmnueéemgea tot sechng baser in

nDQHhQL'QQ acﬁgﬁgédgcon?ayéfekgghdhkgﬁékﬂgﬂggftHgdulatlon

| aser "wavel e I nuous nonitor t
visibility of the MZ, it is necessary to create at

|e@ﬁtogdéﬂlkoaﬁﬁéfhﬁéahlﬁﬁéﬂﬂﬁé ertﬁ¥CthQ§ BZJelength to
nodul ation. This requirenment IS determn he_ fact

t hePntaguapAly ofenitar| Foe, frhBge vEabil ey ot "Enc il it

is necessary to create at least 2 full artificial fringes
per cycle of PZT modulation. This requirement is
determined by the fact that, as mentioned earlier, the
operating point of the MZ drifts in and out of quadrature
with time, and the creation of only one full fringe, that
is, Ap=180°, would not be sufficient to continuously show
the true fringe visibility. This is illustrated in Figure
11.

Figure 10 shows that for a static MZ output operating
point which is exactly at quadrature, applying a
sinusoidal phase (A¢) modulation with an 180° excursion
will lead to a full fringe per cycle of phase modulation.
In other words, the fringe visibility can be continuously
monitored. It should be noted that since the transfer
function of the MZ is a raised cosine and it is being
modulated about the quadrature point with a sinusoidal

signal, the resulting stimulated fringes will additionally



operating point of the MZ drifts in and out of
guadrature with tinme, and the creation of only one
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to continuously show the true fringe visibility. This

is illustrated in Figure 11. Figure 10 shows that for

a static M Z output operating int which is exactly

at quadrature, applying a sinusoidal phase (Df)
nodohBainnharibnds 186 €KeUfahQamehtil | Radulatinguftequency.
fringe per cycle of phase nodul ation. In other words ,

the fringe visibility can be continuously nonitored.

| t HeWeved, bénnat edalhdE 30 pcthehdzf s aowtputf operabingfpoint

thgrMeési $n2ahdi S&d sthﬁgdﬁggﬁéé.iSTHEED%snPgﬂLQEFQted in
about the quadrature pornt wth a sinusoidal signal,
t hB198%8| tng stinulated fringes will

addi tional | ycontai n harnoni cs of the fundanental

laging fre ncy. wever, in a,real .10, the
VoL hORAr b ocHaR: S EhBr i ohe rHeddrta achhe vy o6 Least
quado at af ephdbesmodulatilshrateall ntEngsiy ethd trté, fringe
h . t i pg.-1i . e I .
of PEREESILER Db PAC! Dfuiiy MBS ERR50L PUEn e B3EiHE0us1y
viBPRiEP¥gdof irhespechivat ef thendeiftapfbbthe MZ output’s

COBbLRHOUSYYp8DRLL OrBhlisi f5esPeeit¥Leol iherdghit £5.
the MZ output's operating point. This is illustrated
in Figure 12. If a 360 phase nodul ation (or nore) is

USEfl, at 860’ i sh2sérmoagelapboncyet emote)ofsl aseédn Bh&t is 2
St j d his Wl | -ensur hat the true frjnge . .

v STRPLE ok bolt e SRR EakIBh 12 pHERlakT enpe wint
t hengmiet thatt hee Meroet fuingdhvisibilityseinllaklyays be
Prpduse-Dhober i PALOPALESvE Nok NEnat §pLkat 4 Eﬂé”@ﬁsout ut.
As_the M ouf put operating point drifts to the left o

t hEb#f giiLbf egeembae i, Predype | highee heghepics in the

haﬁﬁDﬁﬁESt?% fBEp?éEPﬁrAéreggemzyofa%@?hopgfatinétﬁoint
etgc. 0 e ndaa a | I reguenc .
togﬁif%?gggnﬁﬂ?ﬁi?ﬁg gfigﬁ?afggﬁﬁr?ﬁgggasraLurg’ 1€wi11

cause higher harmonics of the dither frequency (2", 3%9¢,
4”2 etc.) together with the fundamental dither frequency

to be present in the stimulated fringes.

To make sure that the stimulated fringes do not interfere
with the fringes created by the events which are to be
sensed by the apparatus, it is important for the frequency
of the stimulated fringes to be in a frequency range well
outside that of the event signals detected by the
apparatus. For example, in a typical installation, where
the frequency range of interest may be 0 - 20kHz, the
fundamental frequency of the stimulated fringes should be
higher, eg. 50kH=z.

Figure 11 shows that with the drifting MZ output operating
point 21 and the phase dither 22 shown in Figure 11, a
stimulated full range fringe 23 will not be achieved due
to the drifting. Figure 12 shows that by using a full 360°



To make sure that the stinulated fringes do not _
interfere with the fringes created by the events which
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for the frequency of the stinulated fringes to be in a
frequency range wel | outside_tggt_of t he event signals
detected by the apparatus. For“exanple, in a typica
installation, where the frequency range of interest
magibhed 2520kkﬂe fhﬂnﬁéﬂdﬂﬂﬁbihitﬁrEquﬁﬁcalﬁéyéhﬁresent in

h gh 5
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fr@ﬂﬂﬁﬁﬁyfﬁin@§§uin4@1 e ﬂ@ew11EQ%§E%defe$€§ harmanlcs of
n Figure

2 s 40 kHz
onkh? Erasrntnbnt, Fiedteny. cant perelefias she Grrdamental
thélﬁhepufréqua@eg | Gehegal By 12p&aking pcthdeoeyptit £ringes

[ I r enc not .excl ud
the f £anen 5d§#ﬂ§99?r%§u%%05&& neraY?n ha%%%nh%g of the
%ﬂ@m@mt¢l|¢gbhemAf#eqmgmqwe %h@r@mmﬂit@@eo¢f otlte odd and

ar@v@aemaﬁasﬁrp@@is S beef updagent &l v gh t DS will .
frequ Hﬁ% The a ??%%de of thzggy e%%d eveﬁeﬁg%nn depen on

f refRehty cghege aﬂ@e g‘ih?/’eﬁt’c’i‘gr@‘%vl PRERRP R CRPTRYHRY | @omt is
whet eatijhegilvéeh t tge M out put' s operating point is at

any given time . Figure 13 is a schematic bl ock

diagram of a first enbodi nent of the invention in

W eguxé el 3 obs ral $chedtic block diagram of a first

embodiment of the invention in which the controller 20 is
separated from the Mach Zehnder interferometer which forms
the sensing system of the various embodiments. Figure 14
shows the bi-directional MZ 10 and includes the lead-in
fibre 12 as previously described. The lead-in fibre
connects with a coupler C4 so that a first signal is
launched into arm 14 of the Mach Zehnder 10 and a second
signal is launched into arm 15 of the Mach Zehnder 10.

The Mach Zehnder interferometer 10 has a sensing length of
Ls which may typically be several or more kilometres. The
arms 14 and 15 are connected to a further coupler C5 so
that the signal launched into the arms 14 and 15, whose
signals recombine at C5, is received in fibre 31 as an
output signal CW out. Simultaneously, a counter-
propagating signal is received in the fibre 31 which in
turn travels to coupler C5 and then launches into arms 14

and 15 so that the two signals recombine at C4 and exit



separated fromthe Mach Zehnder interferonmeter which
fornms the sensing system of the various enbodi nents .
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the lead-in fibre 12 as previously described. The

| ead-in fibre connects with a %$u pler C4 so that a

first signal is launched into m 14 of the Mach

Zehnder 10 and a second signal is launched into arm 15

of cohplicti4Zebndeadifn. 1The mhch Thhﬁdeéounter-propagating

in r a;ge 9,109 of whi
| BEELELCELE! A0 eHSLORLERON R Shol 1510 e Biput
anBreBagptingnadégnad FecalvadtﬁerfmbupIEE ﬁEssesthhrough
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s reconbine at C5, is received In
SﬁaPagﬁaﬁas BYPBAL. PaFAGFt shEoughythg fibre 31 and through
cogneeﬁplepagattagasseaahdldet@ﬁﬁbyeSOLn Thﬁsflbfetﬁére is a

wh ' ED, travels to coupler hen g es
i n#’%gg?grr%’% And* 15788 At h%“ﬁo rg"ﬁ{éu Raf c8 g
at sexdsang tengtbupt erf GhatMddadelmdémel @2 thefhusodified

r e
PR SR ELE EREER Ly Bl oo

fibhe genpirdecarpsr dfighndo §Ib¢°¥2t?otbef¥¢§PeGb%E%tor
40daﬁdct6£solbe£n§050terﬁﬁ@pﬂﬂﬁél&ﬂfféﬂ@ﬁéepﬁéﬁﬁéen receipt

th t he . f 31 apd throu coupler C3 to a

t oeB Bhe aat B e g oouRher Prop R Eing Bighala, poe, Brovided
asfsbwwbhe ndétgoterd 440 aan@akd bd 6ﬁ3pﬁenmbﬂgtbﬁn60hand then
Lstgf Lg@eQ@SP h@ﬁf&hlg rmt Lln unlgt%f the

count® r-propaga%fng srgnal's con |nue
t PBRERTTRd embadimentngo 14hahdths @m@kttgamhbe recognised

reﬁﬂ&cﬁhéeed§ﬁ€0196§tf9na@@té@hlﬂ@& by "Bndi £16E @€ rerence

tween recei t of the nodified counter-propagatin
s. RareSarESp HRFdetl Themoit Hed cereR SeR P EeRRTRL L og
oud;:pgnha]mndéﬂécﬁ@dahﬁ thendé bePESESSEOraid B ch form
the detecting unit of the preferred enbodi nent so that
the event can be recogni sed and the event |ocation
deder it nekiowy imeFiguee dl5f et ceotetokbber r2¢ciptludes the

t hen OPLY f & Slle FONPT ££50F OPE UL L &Y produces a light output
signal which is split into two by coupler Cl. The split

signals are then passed to polarisation controllers PC,
and PC.., via fibres 37 and 38. The polarisation
controllers are respectively connected to couplers C2 and
C3 so that the counter-propagating signals are launched
into the Mach Zehnder interferometer 10 as previously
described. The polarisation controllers control the input
polarisation states of the signals which are input into
the arms 14 and 15.

To find the input polarisation states which produce
matched outputs at the detectors 40 and 50, the
polarisation controllers 43 and 44 can be scrambled to
randomly change the input polarisation states such that as
many different states as possible are covered in as short

a time as possible. By continuously monitoring the



signals detected by the detectors 40 and 50. As is
shown in Figure 15, the controller 20 includes the
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signal which is split into two by coupler d . The
split signals are then passgd,jo_polarisation
controllers PCCWand PCCCWvia fibres 37 and 38 . The
pol ari sation controllers are respectively connected to
couppbuts €2 &hd @8tectohnat 40hendobfy ethpr ppdgaisagion

SEQQ@%é éEErEQBQBBEHg'EEOtLEeoﬂ%ﬁhtéeBagéﬁn% a zero or near

interteroneter as previously descri bed
pERaEPi daVPdn eEnPRBLMERsaEsnELerethdni KBat microprocessor

Pgtbar It ﬁﬁbho Bhét aliepuel rbhehsksgaakervhbehmakemufiplbvel, the
Into e ar

14 15, To find the_i
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i nput pol ari sation states such that as many different
sS&a§§Sa§r90§§PBEé:aﬁbec§?€P@BlﬂﬁgaéssﬁGPPP&dt|ngh&s°utputs

PesShblhie BYmeO Iiw auauelby aﬁan kel Radt 590 %hEUH&t&Etbh-e 40
detectors 40 and pal ari sati.on st

c3PfeSPoRdRNFPER FRQPGEFEUFQrpQQ ﬁ@a§l?€Fo°5r1H8§F
Z@anh&%@t;o&rSEEXEEUEhareh&t degtteien ofh@hase matching

' 62 W th h

e R T e
sWaee ithecdegreer of pbajse ma@hhnnat1ﬁtab@wpeae@r&determlned
s tc%%@afbrl'en g.%v\é'lfs' Rhlel b rir@spohdti nguliRpt YWeaRrdsation

l'e nunb i nput polarlsatlon states are
sededes dior wbighpthey degrero ffe BhaPRe "GHHIRS MASm
tl&%c@%ﬂf&bﬁé ahkd Eetand meGeiteact ket I;ma@a aatmd%utputs

and 50 arg thg&ﬁgogﬁar %F%§ﬁ8b Wg'gﬁ 3 dﬁ:q%ptable

b@bgra@ mﬁermumImaﬂ@ham@ga$tm@tanpum@dﬂshhaeaqnamhilng

t Y
VIR AL R RS LAMARL M oppnpces e
i ki lp glonepsabilen dagnees ofr PhRseh W ehiag d& Gchieved.
phase mat chi ng was

The polarisation controllers 43 and 44 are driven by PC
driver 60 so as to continuously change the polarisation of
the signals in the fibres 37 and 38 and therefore provided
to the couplers C2 and C3 as the counter-propagating

inputs to the arms 14 and 15.

When the required input polarisation states which achieve
phase matched maximum fringe visibility at the outputs
detected by the detectors 40 and 50 are found, these
required input polarisation states are set and the
outputs detected by the detectors 40 and 50 are
continuously monitored and the micro-processor 62 adjusts
the polarisation controllers via the PC driver 63 to

maintain the phase matched condition.

The output monitor 60 determines an event by passing the



acceptable are set to nmaintain the phase matched

out puts detected by the detectors 40 and 50. If an
weacewmmpraok e degree of phase matching is not reacnad2005/001899

the scranbling and conpari ng procedure descri bed above

is repeated again until acceptable degrees of phase

mat ching is achi eved. The pol affsation controllers 43

and 44 are driven by FC driver 60 so as to

cosﬁgnamasHptebaegebyhehpoaetéeabksn4ofahaeseighabaghna band

Ea%%bfg gg%éﬁgségge Couﬁﬁgrg nggwg ghtgftgr?m 1 kHz

ers er - ropaga I'ng in
totPhéoakﬁs 1whanb i5 thghenpentedefuenuencypef an actual

poé@éhﬁabkoﬁe§ﬁﬁkﬁﬁtﬂ@hcanﬁﬂéeXE RPaRs"RheBRIneeds to be
ximumfringe visibility at the out puts detected b

Yy
5 { ngetEPsetdrs TheandTiyal, ff BaRITieHoBE PRgaFiBE Signals
|npmthmﬁlahusabaﬁawsaaheanarehéetlﬂaddibEeeahaatBetween

detected b etectors 40 and,50 are conti nuo
okEREEEs bry M bR 8 phopalsr2ie Hiptiale' Bliablst the
poEaenSatpoheCUﬁCpghheed ahd ahsoPthdrilvcatfdnt of the event

maigt BingbRe-RHAsA . mat ched condition. The out put
moni tor 60 determ nes an event by passing the- -

10S|gnals detected by the detectors 40 and 50 through a
bapHupasghki bhaa Eagbnslieéreaagnbﬁaasbaﬂe%%’ha&d from the

froml1l kHz which is expected.fre

of SERLEEE 8P EOohEeoP ERBPEAPE B OROT oUP T RApARd: £BS”
whiLobhabhdedsofothe deemteted) . The arrival of nodified
propagating signals within this bandw dth and the tine
di fference between recei pt of the counter-propagating

15 si §napsdenabbesethshevpalardsptionceaateed she apmplete

thSuEﬁﬁetbQBnQﬁ EESme¥ﬁ8tdé@eggoggt@bnhHQdSOTQHEatlhaeto
bagPFgass filtered signals are provid fromthe

CBBHFSrrRE°BFSGE§§SrSGE“FBF aétEFﬁFﬁVﬁﬂ fkethe
IomahuearoﬁotheTnuenis kBsendealle sRé ¥A® signal from both

podgiggggkgn48t S.SSOthe Cgﬁgke51gnal is low pass filtered
20 and used to search for maximum fringes during the
polarisation scrambling by detecting zero or maximum
intensity levels. When the maximum fringes have been
located, the processor 62 also checks for phase alignment.
When the desired polarisation states are controlled, these
25 are continuously fed to the PC driver and in turn, the PC
driver drives the polarisation controllers 43 and 44 to
maintain those polarisation states during use of the
system. Monitoring can be performed continuously or
intermittently to ensure that the required polarisation

30 states are maintained.

Figure 16 shows a second embodiment of the invention.
This embodiment is similar to that shown in Figure 14,
except the Mach Zehnder interferometer 10 has a path

35 length mismatch of AL between the arms 14 and 15 so that
one of the arms 14 has a length L;-AL and the arm 15 has a
length Ls. The path length mismatch is required to achieve



out put signal fromthe detectors 40 and 50 relating to
both counter-propagating signals is received at the

woumetodss0860 . This is essentially the raw si gnatTiAtams/001899
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both detectors 40 and 50 and that signal is | ow pass
filtered and used to search faqr,. maxi mrum fringes during
the pol arisation scranbling 'b{f;%le—t ecting zero or

maxi mum intensity levels . ien the maxi mum fringes
ha§E1ﬁ@Emti@ﬂabﬁdarthﬂlﬁiﬂbeﬂﬁimgégIﬁ&sﬁlﬁheﬁkﬁgffhe

phase al i gnoe en_the deS|re ol |sat|on st
PrasFefendPoal il claddl SSRHESTLED) ng ihgle Paf fie
dre¢oveplandCt nis unsedt &e ﬁiedqzlq@kwx;lsqavaspmheto the Mach
PohaLhaat i PO SRATERL! SEBe#3i ﬁﬂ&t%ftehé%éﬁﬁié‘rtéwsfs not

pol ari sation states during use t he system
MoRFedr#hgieakhpcepet ier n%‘ﬂlb%%ﬁ‘?ﬁﬁousﬂ‘“b%arlyr one of the

| Nigplits t 60t tHet So@PBoF 6CE hdé EbEnsCEHAI €6 fibre 13 and

pol ari sat i o&lst at es a{_ nﬁﬁnta ne Figure 16. shows 1 and
sROAF LR oMM FetPBE TRE Fhvere TR %%Bbﬁ‘?reﬁ’rg’l‘% an
Si thé avthertamh sfiotie | cokpher eC54:.$ Zksepbot hesdéich
Zehnder interferoneter 10 has a path length m snatch

of DL between the arns 14 and 15 so that one of the
arFbguge hhid s | 2ngiew L SE DEhengor teo blex 120 hagcordingt ko this

L3emdb&iRehh benghd ﬂ%@@ﬁ%f@n'ﬁnrﬁﬂﬂéﬁeﬁlﬁg reference
achievestinmulation of artificial fringes by dithering

¢ e el enbRALoR te bl KacEPmERRPRES 169 EhRde RFoBibed with
t heeferohes €4 Figusedlis the cl ockwi se input to the
Mach Zehnder 10 and the other input of the coupler C4

is not used as in the earlier enbodinent. Sinmlarly,
onEnothiseembpdinent the tasetel6Chsia dbvdecpenped bragg

fibreedsy aﬂgsgrggﬁgﬁsfiﬁfe'fQEérforT$h&1ther thet“%velength

counter-propagatl ng signal and the other arm of
cotpl Ehe FareralCo ?10?1%§%%131=F§h?et’1%’n$§“‘5e§| P bfshown) is

t h&ssaptfeisl €%awPl8¢COhUtRY {RtéhhS1 eﬂb&@g n@ﬁ&tﬂﬁgﬁ hén the
t1o I n

| TEEPEe Tt i M oo el SR SO Bt PR Lend Eh ot Tpne 1aser
F| gere 15 .

To create the artificial fringes, a dither signal which
has a frequency above the event frequency of the
perturbations which are expected to be provided to the
Mach Zehnder 10 and sensed by the Mach Zehnder 10 is
applied to the laser 16 from dither signal source 70.
This dithers the wavelength of the laser and effectively
creates fringes whose frequency consists of the dither
frequency and harmonics of the dither frequency (as has
been described in detail with reference to Figures 10 to
12).

By using the suitable path length mismatch AL previously
described and adjusting the amplitude of the dithering,
continuous fringes are created at the outputs of the Mach
Zehnder 10 and which are supplied to the detectors 40 and
50. The outputs which are received by the detectors 40



In this enbodi nent the laser 16 is a di ode punped
bragg grating base doped fibre laser . To dither the

woavwlesgth of the |laser 16, a piezoel ectric tpranadawesn01s99
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(not shown) is used, for exanple, on the interna
bragg gratings in the fibre 1 r_to nodul ate the
out put wavel ength of the |laser®16. To create the
artificial fringes , a dither signal which has a
fragdeblywabdvbet bempugall 6fethendytbért firequency as well as

R i s O
apppne§°¥o89heS|ageneeseﬂrbﬁwﬁh@h@?tg¢gﬂa$ 40uard 50. for

Th&étngQEQStEQeaf@iﬁL@ﬂQihfPin&Q@ LA4e8e888nining the
effectivel eates frin whoSe freq uenc%%con3|sts

offFﬁﬁgﬁ|Y EFbFFé&MeﬁE§ ﬁahh&+ﬁ%ﬁFE€nof the freguency range
freﬂuenéya£ﬁ$fha$abefﬁ1ﬂgé§ribedbbﬁedehélévéhth51gnal
nce to Fl ures_10 12) . B i the guitabl e
Lo reRlgseh” FaldboRafPeni oy s ReEYakER ok | AiEE8BEScossor
adﬁasuSﬁg ahsuabpbleudenbfol halgorihbhinpgsuchnasnaosdmulated
f réﬂﬂééli‘ﬁ& gbaeksd aigwsétﬁ:ut pusssesr&ﬁeayacgd}&l;ed%e

d which are supplied fhe detectors
ThénBHF pBP%a'WhFéﬁ’-ﬁPeCP’éEﬁP%’éﬂrﬁyP?m age; é’&s@r é’lﬁoéﬁ&‘mr 60

SOS@Athabet?a?ﬁesgﬂ%aﬁeaperdifheiaiLfﬂﬂﬁeéy aﬁemﬁtlagﬁaxlmum
arnoon ¢ | er reguency. rn VI S |

o PapEEt s cBnRcbRahe BEERELRY; bebarenaEnd Atdnutbled
defettgag Lhealdsdi deteatelirbpgtbeanticdepeoaessoy 62eand
fréggan|§ﬁgél5t¥?£95bfécan h£e§£igg%slﬁf?&rSGEEQC¥rom each

range of artificra
si g athereqaéne}lﬁaﬁgesCagbeave9,atbettnﬁbaraeﬁtlon state is

M g&epr ogeesnAEr62 aigsratﬁﬂl iabhseaoe&r tha!saoulé hﬂhput
such_as.a si nul ated anneallng control orithm

Séﬁ?éﬁrﬁﬁatﬁaPug?nFﬁgl}ﬁﬁﬁtP ol % EG cﬁh oﬁPHHH%ﬁ%?t any
PCEXFEQdsBCEEH%Vthedphaeé natshelhmaxikamsEringat eflsibility

arglfa££ L frln%g?ngggngé.a maxi mum visibility. The

phase et ¢h ween é stinul ated
Figure 18 shows a still further embodiment of the
invention. Once again, like reference numerals indicate
like parts to those previously described. The embodiment
of Figure 18 is a modification to the embodiment of Figure
17 previously described. Once again, the output
wavelength of the laser 16 is dithered in the manner
described above. Once again, the input polarisation
states of the counter-propagating signals supplied to the
fibres 12 and 31 are controlled by polarisation
controllers 43 and 44 respectively. The controllers 43
and 44 are connected to polarimeters 46 and 47 which
respectively measure the polarisation state of the outputs
from the polarisation controllers 43 and 44. The input
light signals having the polarisation states are then
supplied to the fibres 12 and 31 via the couplers C2 and
C3 in the same manner as previously described. The

polarimeters 46 and 47 allow the fringe visibility of the



fringes is also detected by the m croprocessor 62 and
again, once a suitable input polarisation state from

weaats/oaisot he controllers is achieved, that pol acTaaRomm01899
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state is set. A control algorithmis used to adjust

the input polarisation controllers PCCWand PCCCW to
counteract any PIFF, so that the phase matched maxi num
fringe visibility condition is maintained. Figure 18
showspuatst fromf bhe heonbrnbblienent3 odnd hé4 i hoebéi nalated to

ChEﬁe@Qakgspéékfvéeiﬁ%&ﬁ;§of§P§§€L§oﬁ?%%geé ¥R
parts to those previoUs|y descrl bed. e enbodi nent of
Fi BRtarimetersy Eédﬁﬂ#cé?i%hS?oa%%@weﬁaﬁdth%n@an@blllty of

Fi fior€nd /£ P6RVORESLNpULSE610LHsa 168 S€2L8, t&NenOELEF ! for
ve#gngth of .t he Igser 16 |§,d|theredd|n t he manner

dREFR LT SBEVERS (R PEGARARELAR 11 ph IBEPERIRETFoR

st shesldf that beudésirpdopalhis ngssegtbaFleupplows the

th ' .and_31 | led b olarjisation .

cobmpLpheRed s 8htas 9 PELIALL O oE G BUe RS SLLERESD yhsicn

ang@r4qatektynhder bify owheraron ntherspisranthed 7cwhient input

r 5Lt i ¥RLYoHERBAEE fhewDRh FésRLlON:StELE Bfo RSk imum
oqéguts fron1t$f§€olar|sat|on controllers 43 and 44
Th

Hgatvis PnaPR AEATRY foR PRFArdimerbioRriafes
arprép&gaﬁﬂ@nlh&d ﬁ@llhﬁsfhb&eﬁo18ham§e3ﬂhdi§plﬂf?sation
co I an e, same_nmanner as previouslky . .
deél%!r‘lgﬁéldg es%cga{?ﬁﬁ%t thtaeP %%%Iﬂ?ée aﬁ? oéﬁ‘ 219 ppytatain
vi thei inpyt gpolacbsapios $tabes hsORonandl BOPs.4¥hart produce
4 0 — ot .
o s S SR L 0L Bp Li RPN s "Blbn tho pagh Zehnder
al 1ovtakelied C¥mwanandt GCWue nbwi e fdeawHREs i nput
pol ari sation state to another for both directions of
propagation.Lh a determpistic way should that be
GeRTen, RIRTECRELTRT ¥ JRIR | ERE TRAF A RRRESRE oFFf oFhe
a poventian imay coasddbly she atEfycvdd dby cper spihskélilled
'dﬁfﬁhiﬁ ¥Q§r§r9” lgeiépg rﬁét&ﬁh%}%£§§% £$§@tthis invention
polarisation state I's Wi respec 0 the WO RBXT num

is not limited to the particular embodiment described by

way of example hereinabove.

In the claims which follow and in the preceding
description of the invention, except where the context
requires otherwise due to express language or necessary
implication, the word “comprise’”, or variations such as
“comprises” or “comprising”, is used in an inclusive
sense, i.e. to specify the presence of the stated features
but not to preclude the presence or addition of further

features in various embodiments of the invention.



fringe visibility SOP states for each direction of
propagati on, as well as how to change the pol arisation

woaoierogkdoer s such that it is possible to find aa@AU2005/001899
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mai ntain the input polarisation states SOPCW and
SOPOCW whi ch produce phase-oepghed bi-directional
outputs fromthe Mach Zehnder 10 | abell ed CWut and
CCwout in the drawi ngs. Since nodifications within the
sgilafimsand scope of the invention may readily be
effected by persons skilled within the art, it is to
be understood that this |nve§é__on LS _not

ﬁ]t
t he parti cuPBr 2BRBEAFRENF°Be ?Sgangyaﬂgyio?aexaﬁpl e
haieitaabanees,| eoibeistiagns which follow and in the

precedi ng dgsCsLpLiog,gf 1Lfigei BugRLhon. except where

the context “requrres o f6_express |anguage
or necessar gni apkicali systenewithdatcdppptsene gpeical

g@bhﬁ@% S%%Q %%tl%%ﬂp%h%%ﬁulgb hﬁQ&ﬂ@*&kngeastone

Use an i ncl usive sense, |
pPetertdon ZoRe Staibd Fod GHEES bench ey ﬁ’r"é’&’t”u&é‘d affect
t b talcage %G.%n@ﬂ.sadid:lotd @heOfl ikgtutt lselurfceatnhtees tlrtavel:t.ng

vari ous.enbodi nents . the [
ﬁé’)‘i VESS @3’1" g afid | oca%tet%%t garfc a&%ng
C @i tesirrgpr ogta dadsisig @m:d::tqag-htcl'@@@led@ an opt i caI

system wi th_at ;.83 opRELABNK SRbavatedUbdewekbhe the 1ight
opti cal wavegqui de having at |east one detection zone

atsamMAcEh anddithey i Rficae Ic &Y S5 “hfFeirs KA, Feparator
Sichd1ed AN Y it pes Entte the asﬂ:mg tvdmmﬁde for

t
he Wa\é/)ﬁ]w de, i q h et e§°glorke§:?rﬁ%g§§altgo g}t%.cal
Sezﬂﬁfrﬁié]fs -betvveen the Ilght source and the opt| cal

system vherl i s REAT AAALYS SOURS Al he3perable to

two beams ifit wave e for each of
atma eyt @M—Qﬁiummpﬁm@meﬁﬂ @Jﬁbtqqg.g}ter—propagatlng

optical channels, the polarization controller adjusting
optical properties for at least one of the optical signals
when propagating toward the detection zone;

at least one detector coupled to the optical
waveguide and responsive to the optical signals after
traversing the detection zone;

a data processing unit coupled to the detector,
the data processing unit being operable to localize a
place of the disturbance in the detection zone from a
difference between times at which effects of the
disturbance appear at the detector; and,

a feedback control coupled to the optical system
and to at least one said polarization controller, wherein
the feedback control and the polarization controller are
configured to maximize a signal-to-noise ratio and to
minimize a polarizatién contribution to said difference
between times, by at least one of: seeking a predetermined
relationship between polarization phase transformations

along the counter-propagating optical channels, maximizing
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channels ; at |east one polarization controller
operabl e to manage optical properties of said

woaoustoessopr opagat i ng opti cal channel s, the pol acTaaRomEw01899

controller adjusting optical properties for at |east
one of the optical signals whgm fropagating toward the
detection zone; at |east one detector coupled to the
opti cal wavegui de_and responsive to the optica

C P
sPgRERE SVERY LRalBESPRItYhRtoRtBRLNENCEohRteREgERRCe of
ptRéebeang, uahl ¢aupling &R ihpudetesteroftpeldsisation for

processi nit bei.ng.operable t ocal i ze,a pl ace, qf
PRESGRE, Hfsliel AR AaSREEER, 3. BatAEsr BReReBn58:8
dpblaritmatibnt weensfompstabnshfch théecbunbértheopagating
dgﬁgﬂﬁgggge appear at the detector; and, a feedback

control coupled to the optical systemand to at |east
one said polarization controller, wherein the feedback

control andrh8eapphaatdat bHNcTOMI D] | FheBéen CERE TiGRE
to maxim ze a.signhal-to-noise ratio and to mninize a

pBPUFFSafPBRT &8RP PbUBFBh-to said difference between

times, by at |east one of: seeking a predetermn ned

rglationshig,peLucen. pol Ak 28 LoR PMferein the light
t ransf or mat 1'0ns ong Te coun?er-pfopaga I ng optlc%P
channeesismuaveilenggh puakbieing in intensity at a

poi nt of interference of the beanms , and varying an

i nput state of polarization for one of testinghand_

aflj usti ng aThal aPea*BERFerh slpimpbt avhsxeiBnthe light

t soustar aBhprisebon EhAglaubeamn- pbapagatbiglelaBbekRe. at
2.._The agpgratus ofrckain11 mherekﬁ tge L i Qta§2 Lge
cOfpFis8BSaPP3le PP R, HBBEFAPLE S PEPRi FPD
wheuplast hepbrghibtnsofir téght saeegpnfrhmt thebkéngled beam
T a | aj, a1 eLel h ' - ;
cgﬁg?Péeégéﬁéfﬁgﬁg e o ee Bnbl Eg p et Bo paGating
optical channels, respectively.

5. The apparatus of claim 1, wherein the light
source comprises at least two beam sources that are

coupled respectively to said counter-propagating channels.

6. The apparatus of claim 1, wherein the optical
waveguide comprises at least one optical fiber in the
detection zone, and the counter-propagating beams are
passed through said at least one optical fiber in the

detection zone.

7. The apparatus of claim 6, wherein the at least
one optical fiber in the detection zone comprises a single

mode optical fiber.

8. The apparatus of claim 1, wherein the optical
waveguide comprises at least two optical fibers that are
coextensive at least in the detection zone, and wherein

both of said at least two optical fibers are subject to



| east one beam separator, wherein the beam separator

couples a portion of light energy fromthe single beam
weawee4deparately into each of the counter- pregagaRorE®o1so9

optical channels, respectively. 5 . The apparatus of

claim1l , wherein the |ight §Q#£ce conprises at | east

two beam sources that are coupted respectively to said

counter-propagating channels . 6 . The apparatus of

cl then distwhbarca ihetbet detéctborguone. conpri ses at

| east one optical fiber in the detection zone, and the

count er - propagati ng beans are passed through said at

| edst one opfhe arpaperus of helafio ki iwhereir optical

Thﬁa iééuéoﬁﬁrfééénhé ledber&hd &ﬁ@lé&llfﬂﬁéroéftendlng
ber in the detection_zone conprises a sin

5 oALoBE: FRS I¢ FREFLon gong oA HANGTEEh of2 S8 apRFacal Fiber

V\/n:és eath léasbpbnsabs V\amgﬂgd:eea omw | SeBtPdlleASsuséMOthat the

t least_in the .
%%E?é%% g?%éeég%% ereln ?% ?lg% %Is?%%s%°fmﬁald
0 p@@@@telr i Peepaga bingbfhannedbs el th stespact ete nophical
detggidon zone. 9. The apparatus of claim 1, wherein
opti cal wavegui de conprises at |east one optical fiber
extendi ng al ong the detection zone, and wherein said

opiocal fiberné sappatLast @ﬂ%lﬁlﬂ@oﬁf Ivgne i rdNdbtical
controlled such that th $ tlcaL%g erti
u

sUIRYERET AP [ §OTRE S2fe® Eicaf opihgrs nat Least

10

chomaedf whichrezpendstalopgitie @dtsetiodOzoddp and wherein

apQQ{&teﬁooé fiééf1é1be¥ge£§$ ?p% QQL &@%egg g nfl%ured and

conpri ses at east Op I cal ers ,
15 of coptrpliad eviach aboal the eptieal dhrmtl%mdaWaerel n

s asﬂos ¥on 04109l the Deime 8F &r aEné €881 4 0BSuREe £ QPEE MG £Eing
cont oIIe such that the optical properties are

?%ﬂ? 8 ¥R EesRRet 1 5P PRbL et PhatRt er
propagatlng

11. The apparatus of claim 1, wherein said at least

20 one polarization controller is placed between said light

source and at least one of the counter-propagating optical

channels.

12. The apparatus of claim 1, wherein the said
25 optical waveguide is coupled to define at least one path

in an interferometer.

13. The apparatus of claim 12, wherein the said
interferometer is configured as a Mach-Zehnder

30 interferometer.

14. The apparatus of claim 1, wherein said beam

separator is polarization insensitive.

35 15. The apparatus of claim 1, wherein said beam

separator is polarization sensitive.



channels with respect to optical phase . 11. The
apparatus of claiml1l , wherein said at |east one
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source and at | east one of the counter-propagating
optical channels . 12 . The_agparatus of claim1
wherein the said optical waveguide is coupled to
define at |least one path in an interferoneter . 13 .
Tme apparatWheo&pphahhu&Zof whaini h,t Whexain the
%EQQQE%%fcoif%%&&$%uaédogérabMECQoZ%QQHQEorm the

ter eroneter . e apparatus of claim1l
Wh@#épﬁlsaﬁep§§§#ﬁ§e95réﬁoﬂeﬁ§tp6P&rPE&P|Sﬁ the counter
| peepalbitieg bptithaa @Bﬂﬁhéu%SfQBmChafﬁhkt,aWB&&&b&y state
sai d béam separator is polar.iz %ﬁ n sens%tlve ﬁ16 The
aPfaPRAATIFATIPR Fo12 SRrers ATPRETFENaFt24E &
c pdllaalilzartiion .operabl e to transformthe optica
properties of at |east one beam of the counter
propagati ng optical channels froma first arbitrary
sﬂate of polhei 2ppRoatrs afsclsam drbiheapjnseaid af least

%T 'c%.rl delbcthie i Bgfe&ta!!ﬁe()ftoc ls@in¥el at Wals®) bne
S al a

| east _.one opt.ical, detecto able to 3
séfpech dedstight sdemal frox ﬁ &lﬂa@& d"9
C @malin@lely.0pagat i ng channels. . The appar at us of

claim17 , wherein said optical detector i s operable
to sense an intensity aspect of the light signal. 19.
The .appar at Theofpplaiartub oficdrdim 19 whereisasaigheptical

onet[(‘é%toqetlesCt Hedabi Q{“ @Je%gm Gl 94 O SBRE: JIE the

| east one aspect signal's energing
réﬂghﬁlﬂkgﬁﬁkronwsald count er propagati ng channel s.
20. The apparatus of claim1l , wherein the feedback

19. The apparatus of claim 1, wherein said at least
one optical detector is operable individually to sense at
least one aspect of light signals emerging respectively

from said counter propagating channels.

20. The apparatus of claim 1, wherein the feedback
control to the polarization controller is configured to
maintain a signal to noise ratio for a signal resulting

from the disturbance.

21. The apparatus of claim 1, wherein the feedback
control and the polarization controller are configured to
minimize at least one of polarization induced signal

fading and polarization induced phase shift.

22. The apparatus of claim 21, wherein the
polarization controller is configured at least in one mode
substantially to scramble a polarization state of at least
one the beams, to obtain a substantially random input

state of polarization



control to the polarization controller is configured
to maintain a signal to noise ratio for a signa

woesusioresog from t he di sturbance. 21. The appar aCua1t2605/001899
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claiml , wherein the feedback control and the

pol ari zation controller are c i gured to mnimze at
| east one of polarization i nd%ged signal fading and
pol ari zati on i nduced phase shift. 22 . The apparatus
ofex) ai m 21 'J:hé/\ﬁuppamﬁiye o;folca.raiﬂraiz'lqnvnmtteﬁmi lthie i s

confi gure east iy one bst.an t

AR AR SR DL I e Ml dhe coupled
bebamm;a:t:onm :1 rp@lmmak aiiw:lylg afiomtenfiarency dnjfensity
PYArdyza ppparatus of claim 21, wherein the

pol ari zat| on contro ' er and feedback control are
coupl ed to maxim ze a peak-to-peak sw ng of

i rﬁ@rfter encgﬂft@pﬂ'ﬂa}tﬁ dme:ﬂa:ghtzssi @htlrein Zhe The
apparatus of claim2 erejn.t ari zati.on
c BRI RN e Gt deaAt Hrfhet e
Moo i i2pu vosed dtqnam:tmmaéazsdmmb-fto-rpeal{ esveirgpe of
[ | f

prest i dicd AHBL AN SR, H £ SIEN S MiEcihd] between
clhen 28 hermeivhemegted i wutinheiatd ol | er and

f eedback control are configured to nmaximze said

peak-t o- peak swi n i nterference t ensi at,_.an

arfi trary pha& Elﬁ%’fa?reﬁ'té’rﬁ:é’frb gt#jr ‘{r‘i}ﬁ)"%‘é’brﬁl%en
CBptSIEzdriiatmrerécﬁiEroﬂﬁer Tl afsdtsdals adnittal RS,
vvherenthe larization contro M

co?ﬁrf’%’rg%?e c nflflagl;’fffnédz? o HexiF rrélizlg s"glrge pea%pa?r?o&peak
swimgexferenes f neemsi tntansAn yaihd treh s (phase difference

PAbRL) &S | O SLA %éﬁhé%}?&h A ard 46y DS NP {QF s R, Of
the counter-propagating |li1ght signals while scranbling

a polarization state rel ationship of the beans for
anpg her of tiwe PP IO EdIdigh 23, wherein the

polarization controller and feedback control are
configured to maximize said peak-to-peak swing of
interference intensity by adjusting a polarization state
relation of the beams for one of the counter-propagating
light signals while scrambling a polarization state
relationship of the beams for another of the counter-

propagating light signals.

27. The apparatus of claim 1, wherein the
polarization controller is placed between the light source
and said optical waveguide, such that the polarization
controller simultaneously affects both the counter-

propagating optical signals.

28. The apparatus of claim 27, further comprising at
least one additional polarization controller, wherein said
polarization controllers are operable to vary polarization
properties for one of the two optical signals, by varying

a polarization transformation for at least one of the



l'ight signals. 27. The apparatus of claim1l , wherein
the polarization controller is placed between the

woiglsto7sonr ce and said optical wavegui de, suchpPCha20d3®01899
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pol ari zation controller sinultaneously affects both

t he count er propagati ng opticgl3§ignals . 28. The
apparatus of claim27, further Conprising at |east one
addi ti onal polarization controller, wherein said
potauntetr+pnopagatbhgeopticeal opigadle vhilarpolarization

po e r e _ -
O EEp4RLLANL ELABPELL TBotfl hE e Sental bIBRORREERY pptical
at Stemaisopteoratabeduntdtr lpropagat 2 hyvepte caresapphher .
whi | e pol arization transformations for both the
coggter-prop ating optical _signals_are matched, at

|l e

t relati Ve t PRI EIDIAECTIP FHhe TR (EhRrsaid
cl poplmZBzatheneccantheliard apéacpeEpsbba tonvasy| sasd

. Lari : Y e _
P TRFILARLERoRYBb-SEL0 B0, BLLER | Sl PLRRHDA £5: B on
| ebsangfierpation founsaidrapayaeshgonet PEathei gounter-

30prdpegabPRyabysifhickagAniswherein the data
processing unit is programred to resolve a |ocation of

t he di sturbance in the detection zone from signals
reseived at The &ppLcdets.oBlclaihel ppPeeséits €lhe CAdRtan

30 wherein the, said data processing unit conprises
2t PFRESESNE BPLE BPoBF SHRABPECgRD craPPhye sl goation of the
di disthirbageneal ipr bbesdetecBlonThenapfromt ssgnéls| seqeived at
, %ﬁ&rﬁéﬂeég rat least one polarization controller is

operable to hold a bal ance of polarization states in
t he counter-propagating optical channels, whereby said

poBari zati ONTRé a4ESa P usBEE ED4fn! 3KE| YndFe LRl £88PORIA data
dur|ngﬁthe di st ur bance. ;33 . hiagggaratus of claim1,

T
WhBF8FRSEHBI AP EaSP™BEESEEI &Fi n°B8nPf of| BFopEammable
opgatél erraysandnil digheéal signal processor.

32. The apparatus of claim 1, wherein the at least
one polarization controller is operable to hold a balance
of polarization states in the counter-propagating optical
channels, whereby said polarization states are made more

likely to correspond during the disturbance.

33. The apparatus of claim 1, wherein the at least
one polarization controller is operable to scramble the

polarization in the counter-propagating optical channels.

34, The apparatus of claim 1, wherein the at least
one polarization controller is operable to hold a relation
in polarization states between the counter-propagating
optical channels, for maintaining a state of interference

between the optical channels.

35. The apparatus of claim 1, further comprising a

data transmission path traversing the optical waveguide,



pol ari zation in the counter-propagating optica
channels . 34. The apparatus of claiml1l , wherein the

wabkodewasn2 one pol ari zati on controller is operabCE&AQ005/001899
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hold a relation in polarization states between the

count er - propagati ng optical ¢ nels , for maintaining

a state of interference betwe the optical channels .

35. The apparatus of claiml1l , further conprising a
dagwpp & ity st Ale gt hore aetically ddte optarcsission signal.
wavegui de, supporting at | east one optical data

transm ssion signal . 36. The apparatus of clai m 35, ]
w6 ei n an dper apparakielah@laist Ithe whapaigy an operating
PrAPAGRLAeh ODE | GRL DSadS ﬁ&éﬁéﬁéﬁﬁnéréﬁﬂfﬁhl_beam is
operating wavel ength of the "optical data'transm ssion
sigiEferenty faop 3pRPAEIRG WAVRIRREED \Be Hhe petcal data
Opt 1+ Ladm e Dok rSgmaBsi on signal is carried over at

| east one sane channel as the counter-propagating

optical channels. 38 . The apparatus of claim1,

f BT her conffhsiapparxtommef ctdion Ieyivenrpar difle artical

I eROLd ££gﬁ§ﬂ%%é9@nr§ mﬂinﬂst i 8§ usvapcer BlastdNéne same

appar atus o arm 3 erern the conmuni cation
desirarnebnp? i the erenterzpyrpage bivg WwrEieal ¢haprirelsg
link to a renpte | ocation. 40. A nethod for detecting

and_l ocating disturbances, conprjsing:_establishing. an
optFcal systBIR | FRRTLA T 1T | AR che DRATe Comprising a

wayefihtc£iendidagice otgersbleatd nDapodet tufoomaziom

at &hécgig dL éu&?g@&gb%ggepccur, so as to affect.
opflga S|%na S propagaiing al ong count erpropagati ng
optical channels fromat |east one light source to a

deggctor; sepRL alibgrd£QN dHCBdih €96 Werdighihe
source, and couplling into each of the counter

- pPOBRERLFAGIOR 8% CRhGPMRT$5e8 OPRaSF Rwibednand wireless

reporting link to a remote location.

40. A method for detecting and locating disturbances,
comprising:

establishing an optical system including at least
one optical waveguide extending along at least one
detection zone at which a disturbance can occur, so as to
affect optical signals propagating along counter-
propagating optical channels from at least one light
source to a detector;

separating from the at least one light source,
and coupling into each of the counter-propagating optical
channels, at least two beams;

managing optical properties in the counter-
propagating optical channels using a polarization
controller to vary optical properties for at least one of
the optical signals while propagating toward the detection
zone;

detecting the optical signals after traversing

the detection zone and determining a difference between



managi ng optical properties in the counterpropagating

optical channels using a polarization controller to
weoangsogsoecal properties for at |east one of tRET/AU2005001899

optical signals while propagating toward the detection

zone; detecting the optical-sggnals after traversing

the detection zone and determning a differgnce

tmeent ch eff 0 e di sturbance

appegs f ﬁéc eé%t%FF§e go%ﬁ?eﬁls PERaRSei ABPERL LRI Ehe

a#eepectaversougtearyrdpagatxng cbasnetal afteri bgatensing

sgégdda££gégﬂgﬁ Qgﬁgeen times and localizing in the

detecti on zone ace where the disturbance occurred
; wherein s%ahcmhgmgmgfmmtw@p#m%@rwwéww@en times

Cﬂﬂarl§6§lﬂ£ﬂﬁgdiﬁgtﬁeCQQEé@kléﬁgﬂ@ﬁetQ bP€ce where the
tion controller that maintai ns a

s bﬁg?r B268i REPEFED/ and ni ni mi zes a contribution to
sai d di ff ervneeeiet &bl hadmegi g USE Oty cﬁptféazqir&iﬂertles

f
et ik s8OS o SOTtEST Ve linal Er | e TRplprization
t?%ﬁ§¥®lhﬁ¥lbhétam@hgt@hasC@uﬂi@malpt@pmga$engabpblamd

Q&ﬁ&ﬂﬁiﬁes Qaébﬁifiﬂﬂtﬁoﬂe@g §¥i@9diffe9eﬁgé'£¥t@ee§ times
poi nt g interference of the beans , and var
t

.%‘a%e %Ye%*%b?%’ﬂ%t?%ﬁe%? oﬁ%c%*ﬂd%%%t?%glmt one of:
adj usting asdsitbig ea k&iw&eﬁﬂiﬁh&%ﬂéﬂiﬁﬂ%p between

transfornptions, for the counter ating chann

1 The TR TERR 515 BRI H T S IRRY (g a

wavel engpuntic tpreopagrnting wrelcall . cHarnelks hod gf

claim 40 t r i di,n .

orti on_of THoRiEAS & Pl Jihd SRRl Q0% oine

separ atf y“F’Fﬁ%f%‘”a%IFF%fOﬁ h@%@ﬁmprmgatl ng opt| cal

channel s , Jéﬁﬁ&ﬁ&'éﬁ”ﬁhput state of polarization for one of
testing and adjusting a balance between said
polarization transformations for the counter-

propagating channels.

41 . The method of claim 40, furthei comprising tuning
a wavelength of the light source.

42 . The method of claim 40, wherein said separating
comprises dividing a portion of light energy from a single
beam source separately into each of the counter-

propagating optical channels, respectively.

43. The method of claim 40, wherein the counter-
propagating channels are established through at least one

optical fiber extending through the detection zone.

44, The method of claim 40, wherein the counter-
pPropagating channels are established through at least two
optical fibers extending through the detection zone.



43. The nethod of cl aim40, wherein the
count er propagati ng channels are established through at

woeamto7eoe optical fiber extendi ng through thePCT/AU2005/001899
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detection zone . 44. The nethod of claim40, wherein

the counterpropagati ng channel gyacre established

through at |east two optical fibers extending through

the detection zone .45. The nmethod of clai m 40,

coffri si ng nEhagrathedi af oplatml 4Qr opemrprising mapaging said

subgtaeanabkapeguaésoeblSEEaEHa§€b§£§ﬂ§£Qiﬂ§téeﬂél optical
ating channel s .

thr ald counter pr

ﬁage iréFﬁgﬁFﬂeFlﬁﬁé gh%°§3bdsaé@ee?vaﬁefon€opagatlng
deéhanneasportlon of an interferonmeter and further
conprising developing said intensity signal at a point
of interference of said beans . 47. The nethod of
cl 4fm 40, coBpeineblhodppf yehainm 0 porkerein i smid detection

CoﬂéﬁelanlﬁQstéaﬁéieightgf Qﬂtiﬁ@érﬁéggﬁékéﬁsaﬂﬁ fhrther

| east one, beam of _the counter propagating optica
chGffRFisingnfavelrring, pridatytenat by osighrlr fbati ppint of

t oiAtee£endnaebbtr aaydsbaams 0f pol ari zation. 48. The

nmet hod of claim40, wherein varying the input state of

pol ari zati on conprises producing a substantially

r addom i nput Tls¢ abetivdd pof aclzht i 40, dénpdisimetdaeelying the

C'ﬁbﬂ&é§za£ﬂ6£h86nﬁ98ﬁié ggg §y£§§§§£%eLﬂe ¥i0g, said

I nput state rsing
adPEePeREias pef apbzhereh eratkesm| of | the otountepepnepagating

foapaneapfcnaﬁnépgnfﬁémpa0£ﬁgatlaﬁbitgaiyssgaeésoﬁhl|e
scra I in ari zati on Stﬁf’e rel atlonshlp of

th
SFHFELRDRNE Bf SEREPGRFPLFESRY oBEOST| B PPUAFization.
S|gnals . 51. The nethod of claim40, conprising

p| @gl ng at l'fl?éghr%é)% éa&g gfl af glpv@{] C?O{]rév;gale%ﬁ:{.rb% the input

bet ween t he SOUT c- afid S i ca
suekataaefthelpaviaationi compoises| prodecimt anedostyntially

af £8r4SmPPEPut NState of polarization.

49 . The method of claim 48, further comprising

successively varying said input state.

50. The method of claim 40, comprising adjusting a
polarization state relation of the beams for one of the
counter-propagating light signals while scrambling a
polarization state relationship of the beams for another

of the counter-propagating light signals.

51. The method of claim 40, comprising placing at
least one said polarization controller between the light
source and said optical waveguide, such that the
polarization controller simultaneously affects both the

counter-propagating optical signals.

52. The method of claim 51, further comprising

placing at least one additional said polarization



counter-propagating optical signals . 52. The net hod

of claim51, further conprising placing at | east one
waddictoregoal sai d pol ari zationcontroller so as POTMARYS/001899

pol ari zation properties for one of the two optical

signals. 53. The nethod of clggm 40, conprising

varying a pol arization transformation for at |east one

of the counter-propagating ogtigal signals while

pEPRFFOLLLENSPr 8RsEBr HatY oRelaBizabiant pEoperties for one

cofintheé- propageLiLal 9pgh&dk.signals are matched, at

| east relative to one another. 54. n inproved nethod

for detecting and | ocating disturbances affecting an

op8ical sysTeennethodiof elaimasd, cremepiseg varying a

| epdi . Sf,0 tectio ne
DO R LR b oPER RO R0 B £EE Lo LEREE" 5D OF RO
opPTR EPT SPHPRRAS2 biagagRtingl asbomats uwhblerpphanizagion

OptaRSFofNARLEhS féﬁnE@Ehl@ﬁétc@@ﬁt&fgﬁfoﬁggéﬁfn%Ooﬁtical
det ect wherejn at |eas{ two beans_ are separated

[T LAnEhE afe | Bateherle AF GhPaSbUFRLAGH® chapPRt FRREher.

each of the counter-propagating gpticaldch?nnels , and

ef fect t ' rbance. i etected. after the .
g%%l'rrs haveol%? a@%‘g‘%‘zﬁg# He E}é‘f%c o néez%%cét’ef}% 3pd jdgeating
diiserehrrces abferhingdat opptitall sysbemainctading at
t1€a g bk bPELcAD %Q@e&@l&&té%ﬁt@m?i AM‘&E%' Q%.tfgast one
i pprovement ‘conprises; fanagi ng optical properties in
t%t%%tﬁr%rﬁ%% aat YRR R | ¢of Cerkares scar pecwr, thereby
Pt B gy OB EDEAT 04 Gial® ﬂﬁépfa@@&iﬁﬁmﬁe&éwﬁefﬂr

BT FEG BB T GBS LR GHETh A P PRh R OLLone

i sebxe stpravieitegter coriexgisi ghadledot to beams are

ReStS e yhale
SRR DGR AR TR LU fores, png, copied
s P R3¢k rehcEhe critete X TRRePagAiND P pital | ohanmels, and

edr asf fec Il CONDIdSLEuMan E8Sis ULt SEF O Fhe beams
H{ae\gee ttegam.renregeci e1|:haet ! gtsehc.lz@ig)ne tg?neen and a time difference is
determined for calculating a location of the disturbance
in the detection zone, wherein the improvement comprises:
managing optical properties in the counter-
propagating optical channels using a polarization
controller to vary optical properties for at least one of
the optical signals while propagating toward the detection
zone, wherein said managing includes providing a control
signal to the polarization controller that maintains a
signal-to-noise ratio and minimizes a contribution to said
difference between times caused by polarization effects,
and comprises at least one of
seeking a predetermined relationship between
polarization phase transformations along the
counter-propagating optical channels,
maximizing a peak swing in intensity at a point
of interference of the beams, and

varying an input state of polarization for one of



pol ari zati on phase transformations along the
count er-propagati ng optical channels , maxim zing a

woealds/isydong i n intensity at a point of interferenadn2afs/001899
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the beams , and varying an input state of polarization
for one oftesting and adj ustingga_bal ance between said
pol ari zation transformations for the

counterpropagatl ng channels . 55 . An apparatus for

| ocat i ngtefbipgsandondinstingvanbalanaerbstwgenasaight

source ;p@l¥Byeaies Eﬁanéfsﬁhéﬂ:ﬂgné'ﬂms EhombBfter-
l'ight source so that the Iight is caused to propagate

in bot h BYPRREFEHRI aFBABREhE- wavegui de to t her eby
provi de counterpropagatlng optlcal Z:gna#shln t he
wa, ui de, t abl e .0 avi
co%n?er-prop%ga é‘l; ?ca 21?% ?an%rtl%%n%”lg&n of an
ch%?%%t‘»er?glnpcléinghe signals nodified or affected by
an external pajphetesogpysed by or indicative of the
event to provide nodified counterpropa ating optical
si gnal s whi c¢h Y3YRIEER tFPH regreflng| % hErom the light
\A/ayegbld:deso ERAECERE IEGHE i@rcgueé@&twgpwﬁaggééfiﬁdboth
nter: ting tical signals affected

parnaﬁee jn') %dgf?)?gd*é}? AR Ehet?i H‘FlPi’e?’é?iY%de counter-
bemm%&mg@h&ngeqptpcabfsi@mah@diﬁIEhb wave%ulde, the

ng order, t
deter%ﬁg&%%ﬁ%at n aﬁ?‘%@‘?’ 4:lgeco ?‘?%‘Fﬁ:e?r?%?gatmg
coR et n@lwhﬁ%ﬁ@he stharactiristic of the signals

c Qh!cmlﬂ:':&'l O@ﬁgﬁff@QtQ@tbf 3én S oh@tSa b Opifléﬁeﬁé‘\ﬁ ecr*.aéil;lsed by or

ude and hase nmat ched
%‘%ﬁe Ye® ng ﬁb |%\é%“'é ? IR¥OEIGR flb?d%wﬂ VPP k-
cqmmlagq:rtnp@g@tnga:sl SISl s Wi ch SESEThwe Mtd Propagate

unt er - propagating signals , the first
aﬁagf dég"r?arlr‘gg%r(r?n hg a Mach Zehnder

detector means for detecting the modified

counter-propagating optical signals affected by the
bparameter and for determining the time difference between
the receipt of the modified counter-propagating optical
signals in order to determine the location of the event;

a controller for controlling polarisation states
of the counter-propagating optical signals so that the
signals are amplitude and phase matched; and

wherein the waveguide comprises a first arm for
receiving the counter-propagating signals, and a second
arm for receiving the counter-propagating signals, the
first and second arms forming a Mach Zehnder

interferometer.

56. The apparatus of claim 55 wherein the input
polarisation states of the counter-propagating signals are
controlled to achieve maximum output fringes. However, in
other embodiments, polarisation states which lead to
amplitude and phase matched outputs, but with sub-maximum

fringe visibilities can also be utilised.



interferoneter . 56. The apparatus of claim55 wherein
the input polarisation states of the

woaQusiogssopr opagat i ng signals are control |l ed toratThitens/001899
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maxi mum out put fringes. However, in other enbodinents,
pol arisation states which | eaggto anplitude and phase
mat ched outputs , but with sub-nmaxi mum fringe
visibilities can also be utilised.57 . The apparatus
of claim55 wherein the control unit conprises the

dghect or Meafs apRakakaki 8&t £2RiMOBE’ fhkekihOkheaebnekol

t he count er-propagating signals and the Iight .
80t SORPEARRRISTST ASCESPESTRRB e f PRETSCAITEP

MRt rolRr FoF 2ddl oFf dhkecbantber-propaghtiing signals and

cqunter.p agating signals and a second detector for
t%z’eoﬁ‘l;{'g:h%gfg%ﬁ%’ge(fount er -propagating signals. 59. The

apparatus of claimb55 wherein the |ight source

C%%prises.aT @SQ% L3Rl sS Y 68 aRAY 5BIwRER89nditRbl B@%ector
and an adj uster Br control ling the bragg grati ngs

amgees (ceserised 1y frsthede n gt cSGurde Hhe counter-

t RelRg ARy Jilfhatey @ Redond@duedtorsifiditalthe other of
out put fromthe |aser for snro%é%i ng the

c iR SRR ISE9R The apparatus of

claim 55 wherein the control unit includes a processor

f(g9 recel vipg o g;?)lé&%ttl.{somft 946! 88! gha209 fifle light
processi ng the outputs to indicate an event and to
detrmden e cmipr dsssntd dpsT Hahdy aaurae) hamid s RFAEE us
(ﬁqfaﬁHHQ§*§ﬂM“Hﬁ”5H§J§%é¥(¥3¥*83hﬂﬁbllﬁﬂ§Eﬂhé‘bﬁhgg

pol ari sdati on c/ontrol dri ver, andﬁé‘-t | ari sat.i qn.

C GRAANGS ARG/ 9% TRART SRR IR R rARET gright source to
codﬁéﬁh%yerafwa o twaatd ligtgy th o f ottt dlilghrts gigyrtdieraabiyput
set the _polarisation of the si Isglmgl' .

I i{ﬁﬂ‘m sft}{)ﬁ clga?eor tHe BIERE gcgl}oncao ar rrsf_g%%%%%

Zedwgisxls nterferoneter to in turn set the polarisation
of the

60. The apparatus of claim 55 wherein the control
unit includes a processor for receiving outputs from the
detectors and for processing the outputs to indicate an

event and to determine the location of the event.

61. The apparatus of claim 55 wherein the processor
is coupled to a polarisation control driver and the
polarisation control driver is coupled to the polarisation
controllers for controlling the controllers to thereby set
the polarisation of the signals supplied from the light
source to the first and second arms of the Mach Zehnder
interferometer to in turn set the polarisation of the

counter-propagating signals.

62. The apparatus of claim 55 wherein the detectors
are connected to a Mach Zehnder output monitor for
monitoring the counter-propagating signals detected by the
detectors so that when the modified counter-propagating



counter -propagating signals . 62 . The apparatus of
claim55 wherein the detectors are connected to a Mach

wadebosthessoout put nonitor for nonitoring the PCT/AU2005/001899
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counter-propagating signals detected by the detectors

so that when the nodified cgug?e[_-propagati ngdet ectors
are detected by the detector, the MZ output

deternmi nes detection of those signals by the detectors
f @requm g lde teldegh dyedber deg@ctorhe tiyep Mzaouwdrert

t'(?rﬁ\fln\gﬁer e Pk tors“. - fé Ia 18 ByOfeHdh@ddtors for

I ntertferoneter I s o erent I éngth than the
sm@sam%fbn HhaveaecESffFer interferoneter so that
the first and second arns have a Iength m'smatch t he
control unit _further conpr|3| r naI

Sﬁewﬁe

picttuci ng elfBFeAPPEEA TBSH OF  Ahveption the
w&\aedsem@tﬂm Gf hdre Mz&:mlthhﬂde‘r mnttdnfdncghitemurs;@ﬂ 0

a dither
R el i SRR LR AT e
t hemmﬂemq@m R tfat Hhefirsgy andrlff@

dfﬂﬂ&éﬂgdﬁgﬂéﬂdhti%hé“é&ﬁﬂréi(Hﬁitfﬂdﬂﬁﬁgr(ﬂd i%ﬂﬂﬁfa
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65. A method of locating an event comprising the
steps of:

launching light into a waveguide so that the
light is caused to propagate in both directions along the
waveguide to thereby provide counter-propagating optical
signals in the waveguide, the waveguide being capable of
having the counter-propagating optical signals or some
characteristic of the signals modified or affected by an
external parameter caused by the event, to provide
modified counter-propagating optical signals which
continue to propagate along the waveguide;

substantially continuously and simultaneously
monitoring the modified counter-propagating optical
signals, so that when an event occurs, both of the
modified counter-propagating optical signals affected by

the external parameter are detected;



continue to propagate al ong the wavegui de;
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signals, so that when an event occurs, both of the
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time difference between the detection of the nodified
si gnal S in detlerminidgt thei himéhdiFfenence bétwhen the

e % L6 8RMLRI chRe Ay g Hdglaﬁaiswaﬁhozaggd%ﬁ deﬁgrmlne

erometer aving a |rs arm t hrough which
c@bﬁt dpcafiopagst ithg eyer&al signals travel, and a

zgfloggl a; mgsrs]gls:gutalg veh}actaaba saaphs{ apnaaa%a&hﬁeer
| rave n ontrolLlln e. .
poRirrEsrriRterafaying f“h%lc‘fﬁg’mfﬁf“ ﬁk%ﬁg&gt PR&BpthEal

S b@ﬁalt&rl—pwbajgﬁm:antgh epwawe.gu isdgntd.sp mhréé. ,ampd audgecond

andybl Y% SR GRSLC QUL 2LRLARAABLLAA ARG Bokity Bignals

pd:lram&dat o st at es of the counter - propagatl ng signal s

provi de anplihdgidndgphasepBRbehgdtion states of the
count er-propagating signals from t he vvave 1H%8t

amumrmomﬂa&wguppﬁlpﬁ&e§lg
QéigiRideS to Provadat l:aﬂipl@.ftuHEGaﬁﬂl @Ihla.‘sét martchicdl e®unter-

be Sy ch that p ed_submaxijtum fringes are
pP "6*? Si qﬁe% %P‘ gvr%gg%d%erel n the step
of control ling the polari satl on states conprises

randomy chapdl pa.hig | %puﬁwﬁﬁ]%%'§ﬂhkgﬁ Eﬂ%e%oqgrﬁgﬁtlon
courit erpropg_gmy ng si gnal s st noni tor| ng t

c sthattespodp iQRYNdeE -RFOPSagtAng SRS PRRvide
N%ﬁ%&erad&wats@med %di@lﬁé&t—p&oiia@‘aﬁﬂig ailghals

zero state of 1 ntepsi Xl mum st at e

s 1o RO Ol AU G B PRy fpinges

S@dwﬁvdrgtﬂﬁadﬂnﬂﬁ embodiments, the control of the
polarisation states may be such that phase matched sub-

maximum fringes are provided.

67. The method of claim 65 wherein the step of
controlling the polarisation states comprises randomly
changing the input polarisation states of the counter-
propagating signals whilst monitoring the counter-
propagating optical signals output from the Mach Zehnder
interferometer to detect a substantially zero state of
intensities, or maximum state of intensities of the
counter-propagating signals, and selecting the input
polarisations which provide the substantially zero or

substantially maximum intensities.
68. The method of claim 65 wherein fringes for
determining the polarisation states are artificially

created.

69. The method of claim 68 wherein the artificially
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The met hod of cl aim 68 wherein ghe artificiallycreated
fringes are created by dltherlng or nodul ating the
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71. The method of claim 65 wherein the laser source
wavelength is dithered by an amount which leads to the
dithering of the phase difference between the MZ arms by
360°, to produce artificial fringes, so that with a
drifting operating point, the Mach Zehnder’s counter-
propagating outputs always display their true fringe
visibility.



