10

15

20

25

30

35

-1 APPARATUS AND METHOD FOR USING A
COUNTER-PROPAGATING SIGNAL METHOD FOR LOCATING
EVENTS Field of the Invention 5 This invention relates to a method and
apparatus for locating events, such as intrusions into a secured

premises, or breakdown or other events-adsociated with structures, so
that the location of the event can be determined. 10 Background of the
InventigppaRABtsS ANt Mediradin'FORAEINGEUS QOVNIBERSBAIPATATING
pS Patents 662194.7S§E% 7%&. O‘B1 %ntﬁa qffﬁas Wtents are
incorporated into thlmeﬁtmnr&y—ﬁwmgﬁemeﬂgm m used
in the above-identified US patents utilises a Mach Zehnder (MZ)
intéiebtei€r ithehiThvesitnierpropagating signals are provided. By
megsyung 20dhe fisee differance elpertyibed sinalxcal 88 for

event, the_ location of the event along the sensing device “formed by the

MatRASH T FHERE M SBFRaA Bl BERIFHRAE 25 HUS Wik
evepmeauersebs terMrsarikstowortion oftthersgstemt shaadifferdracesid tiva th
arrive-limefdie CQH”@EaW%l@_Q%iBQ:QQf@ﬁ @ﬂh@r@@@@%%ﬁe be

us%d }:%%%Icglgée the exact location of the perturbation on the MZ sensor.
Th|setype ot S€Rsor can be applied to perimeter 30 or infrastructure

security applications, with typical sensing lengths exceeding 50 km.
Supxaayiihd lventine Thsebecoaf the invention is to improve the

sysit 3 isclosed in the ve-idepiified. p t t .
R o i

pr(R)i'd'é§3§n gﬁ'p'ﬁfh'fﬁs ﬁfqa‘(%ﬂ'ngatﬂg 778717. The contents of these

two patents are incorporated into this specification by

this reference.

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.



position of an event, comprising: a light source; a waveguide for receiving
light from the light 5 source 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 10 modified or affected by an external

parecteh¢ausabhy prdvdigatvanf tsment i pryida Bwsifiaty the

courggg—gggag&ti%o%@%arll éigngtlbs er_lifhi(i_(l)ntinue to propagate along

the" waveguide; detector mean's forlagtec?lng?kie modified 15

counter-propagatintichtieaPSRSR ‘affected by the parameter and for

determining the ameagiégieide Eiween ded vecejptldighe nfacbiteccthe 1ight
5 CoudsEarraatng onikd SRRl 1 TdeL e EMEIBE RO ibotn

the event; a controller for controlling polarisation states_20 of the

coMERPRIRRARI TicAPSgHAY SBHhELhEC sTRSRERE RRpiThdE spgunter-
phesepageltEdanopihe=in sregnadeyuide tbmpviswe gufirdearnthor
re%@a@m%eowﬁﬁeera W%ﬁ“’gﬂ Eﬁ@%xﬁﬁ@ﬁﬁﬁ%ﬂ%tmg
the c unteripro a{gaﬁlng S|Ignals the 25 first an]g.s cond akrngag)rrgll_ngqjals
Maoc%(%i'eﬁ'uande? iAtetierometsr ?/ rﬁa%ﬁﬁ]%tt elasmf)'lﬁu € and phas i

10 thanestirfiéedropagdifrcdigfabyo@puettetaat tRagaretnareagged by or
prachigedaviive asF eanily deigntedupisvaiaee wdipestifeienater -
between receint of Q. modifi qunter- pro ing detector
R O T S h Gt ee

eveOrthi$BRMATREWSI®E sensitivity of the system and 35 method. In
the preferred endmcmentrohidarisyvefdondéteinpihg3the modified

15 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

20 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

25 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

30 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

35 method.

In the preferred embodiment of the invention, 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 5 fringe visibilities can also be utilised. Preferably
the control unit comprises the detector medns, a polarisation controller for
each of the counter- propagating signals and the light source. 10
Pr@f@@ﬂ&&d@ﬁecumaj Fogor’aﬁés%&aﬂrgi’&%ﬁ%&&@f pgihcj@.lt?.]%oﬁfﬁ@nals are
counter-prgpagatipg s s and a second de r the ather of the .
counte?r:grg%fgtgtlgg S|gn%a1[s It Pr ’?era%rfly the R:IF s%urce comprélec’swaever’ m
laseEhgRt SthedimemtPorRRLGaifgSAnn aﬁtécﬁ&ﬁewm%n%ﬂi‘ﬁgqﬁe
bragspdratinge taterehp akie rxeakad | engipwi $he Hight eththl suilptinaximum
5 frogythedasesfor praducingsthes fOURIES PEIPagALNg Signals. 20
Preferably the control unit includes a processor for receiving outputs from
the detectors and for processing the outputs to indicate an event and to
deRxrefiex el jocien adthiarelenn 2§ | conpwihsiesditrieat detpotessoreans,
S Guplai 8 RAIBHSUINNIO LYW 1P BRCNRAI Qo)
driver is coup led to the arlsatl ntrgller or controlllng the
coRtronetS o fhneqeﬁﬂ'g e é’tflpolarlsatlorfJ he S|gneﬁs supplied from
10 the light source to the flrst and second arms of the Mach Zehnder

inteferpaRiBLip ieﬁurruaeietbwf)las@ﬂen Obiipr LouBtei-pfopagaitigtector
sig Prefer th 0 c dt h nde
P%fm%%.m%ﬁﬁrﬁ%n.téﬂ e e~
Eﬁﬁ§sS?ﬁaFWﬁeﬁéh§r4°f the counter-propagating 81gnals

15 Preferably the light source comprises a laser light source
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.

20
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.

25

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

30 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.

35 Preferably the detectors are connected to a Mach Zehnder
output monitor for monitoring the counter-propagating
signals detected by the detectors so that when the
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modified counter-propagating detectors are detected by the detector, the

MZ output determines detection of those signals by the detectors for
processing by the processor. 5 In one embodiment of the invention the

first arm of the Mach Zehnder interferometer is of different length than

the second arm of the Mach Zehnder interferometer so that the first and
second arms have a length mismatch, the control unit further comprising

a dilbei 5108l prehicig-Hi-eisampit fagCurding e light sauedted by the
wayglenglh liner, g puigyt o e dobhsauceda pradues.a gt .

the Shase difference betweenthe arms, in turn which produces
artfie@R#dy dvatthe dArirRr Bafsut P thPrrca s el e dreFessor.
signal element dithers the phase difference between the MZ arms by at

leag), 360 foHBEUGR AU TEREES RANAL H3e WUNG PPLLALINS £ the
Mach Zehnder's operating point always djsplays its true 20 frlnge visibility.

ThEFRReBRRISE proVifest8 HRBtRGE bf ot afifig ShihRFR HorERdig tidhan

stepsenfsiaanokingtightihtchevMaciuidebadeat tha Retifhbryrestisedso that
prqg@aaﬁLrg*%ota_xf&re&&eelﬁa!osaefl&gehﬁ{a&eauiﬂeﬁ%mirﬁ@wa@é%q the
counter-pr pa atl g tl signails In.t € wavegul the wavegyide .
e PO Rb A Rt G S S A o S h o ASTIST < dfor Spgucing
ch&tenertic P heonharlhbdogethe alfbghll 9PN SO dReMyelength

PaERRAe Cause by Pt e Faiimiothid Vg IO dikirfk eeurier-pihgeéng
OPEﬁac'ﬁégﬁ‘ai%WL’i{’é‘ 2%%“%?&?9&%&9 %'8@%%%‘.”@13{%9&2'3'8@3, in
substantially continuously and simultaneously monitoring the modified ™
colMER pHRfa NG AHESS3 B EbhEAC 18 Ih ABiRGS S 2vehhscdRif ting
bothutfthe mbdiflesl (EINter-propagating optical signals affected by the
external parameter are detected,;
Preferably the dither signal element dithers 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, so that when an event occurs, both of the
modified counter-propagating optical signals affected by

the external parameter are detected;
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- 5 determining the time difference between the detection of the modified
signals in order to determine the location of the event; forming the
waveguide as a Mach Zehnder 5 interferometer having a first arm through
which the counter-propagating optical signals travel, and a second arm
through which the counter-propagating opfcal signals travel; and
controlling the polarisation states of the 10 counter-propagating optical
signals input int@iéhee widieghiletiReDrevide amptude fod Mesndaalcind
coyueL AIppRUAng yanglsdiqr e payegyide; Preferally € etermine
polarisation states of the counter 15 propagating signals provide
anmightdkCSRF pRAs @i dtbife B ¥@BRter-propagating signals from the
waveguide whiclioaatiieve fleximaveonipdeiringea Mavwkva@ehnmdder

emipdiments,fae.cantil of fie Bo'fﬂ%@%éﬁﬁt%@%ﬁeﬁﬂ‘i%ﬂ‘a&he

phase matched sub-maximum fringes are provided. ferably the

step e oRTgRAG oI BB EREs SCsprSe MBIy BRghgingecond
theamputpoiangatiovhstabe stlvé trooahesr-progreaadtd s redwbddt signals
mopgpag the fpunter-propagating optical signals output from the Mach

25 Zehnder interggg)&egﬂto detect a su?stantiaILy_ <z)ero gg te of

intensities, or maximun state of Fn en&ifies 5 The %oﬁnt%r-proeﬁag% inahe

sighakn bAY RrAPRGatd R RPIdIgAdatENRAieh breWde imto the
subsiaatriaeereSrpsdisi dlialiplatoien dtanghesSatded counter-
embod; fringes for rmypi larisation ,states are artificially
cre%foeg#.g §r%%eﬁ3§|y%ﬁ%’§?e§f$cEﬁ:{’getg@eg%%‘és‘é ‘glr'g %r'eated by 35

dithering or modulating the wavelength of the light source and providing a
patrefigitaismatte hedlaed Hatfishanttates of the counter-

propagating signals provide amplitude and phase-matched
counter-propagating signals from the waveguide which
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
dithering or modulating the wavelength of the light source
and providing a path length mismatch between the first and

second arms of the Mach Zehnder interferometer.
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second arms of the Mach Zehnder interferometer. - 6 In one embodiment

the step of controlling the polarisation states comprises controlling the
polarisation controllers to thereby set the input polarisation state of the

signals supplied from the light source to each input of the 5 bidirectional

Mach Zehnder interferometer to provide-pRase matched

counter-propagating output signals. Preferably the wavelength of the laser
soqgﬁfd&elitaﬁabtﬁ@ﬂ@r’anantswaghm%mtthegdﬁmg ngfwé t:gfﬁ,ma&&%ati on
10 difference between the MZ.ar 3600, to produce_ artificial fringes

50 TR SR s e ar s oA, Fe FRdaris it coitibliers
coliefRBpaEtIRPSUbRE PR BRpRTIRaEHeR fAkgdSistfiityhes signals
Brietipp3draliofrethe iy ahirfstP esdarreed ebdcsivrntnpilithcof the
degiberk Dyitiad! AXBRPHEHHIL 3E0CE A 0RaEiM Ry ivide phase

drawings, in which: Figure 1 is a diagram of a basic_layout of a
coMARfRAdI GRURRRRCRACHZIZLEIM: PRERYS iSAPWEre sphere
illustrating polarisation states which achieve maximum fringe visibility for

a CPP";-‘QEWZS Fyntcﬂ@cuas}élll\ébzgﬁigl{le %134;\ @'@gé&mm%@gb t ' i:]se dithered
outputs in igure 1 cayse e ifferences betwe e

i BB AL FIah SeREoER, SR IS dAte iy the Phase
enfbbfifirssnas the inesrofheigite 8398 Fin&h8 spHerepirRstuRe
relating i SDdhe erbediwens of kigate ¢ikiguse 8Aianel higuspéBaateng
graphs showi | ] yigibili rding to t
R S i
353htRlTy AdSPhake FRatReFrisimtAPIRgE GBIty -

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 7A and Figure 7B are illustrative diagrams
showing non-phase matched maximum fringe outputs;

Figure 8 is a Poincare sphere diagram

illustrating various polarisation states of one counter-
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Figure 8 is a Poincare sphere diagram illustrating various polarisation
states of one counter - 7 propagating signal to provide various fringe
visibilities according to embodiments of the invention; Figure 9 is a
diagram similar to Figure 8 relating to the other counter-propagating
signal; 5 Figure 10 is a graph showing the &ffect of wavelength dither of
the light source on the output of the MZ used in one embodiment of the
in\/pﬁapeg!aguﬁylbi%aslamsmiﬂgdaeeﬁemfsa fHEWYeOReR{PYlities
pornt in t§ q_ytput thf,h drif S, in JJ_.Ot nd qut of qgadrature on the
stimutated Firnyes produce rl%Jyt Mach 2ehnder i mterrperometer Figure
12 is a diagram Eh9RFS0 %rg}tﬁeéllddtﬁgﬁ?&Nﬁﬁ"&éeﬁ dﬁ:ﬁe?&ﬂﬂéﬁ)h%se
difiesdroei hefweentthe blizhamctodmtdriftipe dbagutpliigl SsEignsd 13 is
a block diagramyef g st fnaulinegtabiicdpunlioy: BUIEAAdse oe

dragram of a Zglca Mach Zehnder interferometer used in the preferred

entBOERNERE TR fltd 18 Ts Quidhant SABKInGMERNEBISTS SPtRat of the
enNibdiraent dirFignee Exidarest’isoif stiemativerbiona second

embodiment of theqavention; Figue (?lzaee @a@wéw@r@n@fmeeetrelkera
of& %bodrment of F| ure 16; F@DﬁZ’LS is a block dggc?‘mdo aft n
thifd- SotImeRtof the ﬁvé’rﬁlon Détai escrrp oﬁu the Préteneat ™ -2 1
Emrmeﬁtsowrmefkréﬁeerﬁy Fiorehebshismpaitest LLadmaatopaioduced
Sobyridimtinaa&i\/lze(ﬁhawa it EESYombieeye complementary, will

drift and vary in gn %m&?aiely srgli%org%“[aghrlgn%p U:'Qelbd 4% 11 but

environmental angl er effects he m Imum possible amplitude, or

ﬂ”ﬁkpw1ng 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
visibility, of the intensity of both MZ outputs can be
related to the alignment of the polarisation states of the
interfering signals in the MZ interferometer arms. It is

possible to control the alignment of polarisation states
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visibility, of the intensity of both MZ outputs can be 35 related to the
alignment of the polarisation states of the interfering signals in the MZ
interferometer arms. It is possible to control the alignment of polarisation
states - 8 of the interfering signals, and therefore the fringe visibility of a
MZ, by controlling the polarisation of the: I@ht signal in the input lead fibre.
In fact, there are two possible polarisation states at the input lead of the 5

fibeeMzrier whidrthefiinge ¥ishilly of theauipnésef srenidinectiopahy

1S ".%‘rt'as“{]s'"i‘im'ﬁ %@fgaﬂggg.ﬂé&"tw :':So'ff{‘x‘ﬁ’é"”tﬁe':'t%%r 22/ % ion of the
unidirectional MZ using a PoinCare sphere to Illtstrate the maximum

fringkARBus penasalion ShRed PRIAs kagdnfidttigure Zh&achistthere are
unieue pbarisibiba plelesraisieipputsifdhe 14 tO0ttos winghueitlerad of the

outpulh, Qf e cepyeriana upidirestianal M ydll Bayg amadmum gReButs of
visibility. When plotted on the Poincare Sphere, 15 thesé two golarlsathn

st S BASAEREHOIR o PostE. AitR SRS oIRGIRAFARRT unity .
inVBhicss havelbwwni exfégmeatally float the iididbictienliMZal) Min being a

tre@@né}éf‘é’%ﬁ%@i@e&@@mgﬂé@ﬂgs tfee ﬁ%ﬁﬁﬁﬁ‘nﬁi@ﬁﬂﬁaéoi@put
pro%)afa]trlog.aHg\évSvertth%tswo counter-propagating MZs are not

co ?) eafelly mc'j-'epenasen?, and do share an important polarisation related
behaviour. The counterpropagating outputs of the bi-directional MZ 25 will

alspgrghanch vary irigasane, fashvhe Fekeaeh wieciniqgherpwibalseation

be INput polarsation tes:fogwhich, the-MZ outputs.will achiev.
ma%ﬁ%&%% o#t%t%#%q%%t o%sghétﬁ\(/ee C oiggo of e%]étr %ﬁé\%ﬁtélé@l%gu?utput

poRfisiheh seryeRtHiened atriditATbigRR 30MAnYd ldhd e £ maximum
makimnesansiidity faty coWhentiqnbd ti€dindhe tdase B frlu ke cliphalre ,

MZ Hael o pGajso LY R1Sa HiGoaN S PLLIPLEROIRYISALQY $1218 1Y €45Posed.

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
discussion, it will be assumed that only one MZ output for

each direction is used (CWout and CCWyue) .
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direction carries an important significance. For this discussion, it will be
assumed that only one MZ output for 35 each direction is used (CWout
and CCWout). - 9 Given that there are two possible input polarisation
states for each direction which achieves maximum fringe visibility, then
there are four possible pairings of countePpropagating input polarisation
states which will 5 simultaneously achieve maximum output fringe

visthikies tHdethREeetiante Tordighesiona MAgdshinvainiltguiont
inclydesd cpupler G todneamorale o ibngeadin Isnan A2/0d6 Winge
Mfsen_so_r, _Iead?af IS 1S one practical way to set up the system as it g

all F§ & iericbpsuhBR oF RF D REGe &P aARE HRSCRRAFHERI of
corpaneets-ip ovpagattioler imiit). pdda itk mietoareswateadanidaiicln will
coichere LB ARLEOCOY i NBIER B0 BRI ColLag s ¢ 0s

input polarisation state to the MZ 10 for the CW {clockwise)and CCW
(cotfePAEBASERGFEGQRRS, respectively. Controlling the input

polarisation state in the lead fibre of a MZ can achieve maximum output
glr(?eé Him?ﬁéa@fmpﬂfdﬁqunﬁ@mﬁ t?HO%@ﬁqiomstlH@s a
i-directiona in order to simultane achieve maximum outpyt
RO ot TSRS S VB ERS I RS el SE e cag 12 to the
poMfisaeas Wontrbilers canBrlgsddstordshtRF ARt pad pyRYiskfoFstatep the
anggaadaclage iiguidiaysial Fasedpdapsailoitd>R0BiFORRS Or
p'e&g&%ﬁ&'&o}%ﬂiaé'&_”?‘i%‘t@S@Fi',:aocretﬁeo Vé’i@Q%?‘%%%%Bﬁ@%%@”in one
there are the two possible input Eo arisation states which give maximum
oufiRR ffiRjekersBpitard SOPbSRqhRRL Yafe3ZEWF Y9 pRafRAtion
dirediﬂn_:dslidm possibie 43p urnpd | BCation 4stat&s‘.‘qhiphagiv¢>max§admto
outpyh frindesiae SQBaR g SERN: TP SE RAISAYORRLARS €2 Hor the

represented on a Pqincare séphere as shown in Figure 5. . .
CW (clockwise) and CCW (counter-clockwise) directions,

respectively. Controlling the input polarisation 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 SOP;,. Equally, for the CCW
propagation direction, the two possible input polarisation
states which give maximum output fringes are SOP,;, and
SOP;,. These polarisation states can be represented on a

Poincare sphere as shown in Figure 5.

Although there are 4 possible pairings which will
simultaneously lead to maximum fringes at both
counterpropagating outputs CW,,+ and CCW,,+ of the



35 Although there are 4 possible pairings which will simultaneously lead
to maximum fringes at both counterpropagating outputs CWout and
CCWout of the - 10 bidirectional MZ (SOP1a and SOP2a, or SOP,, and
SOP2b, or SOPIb and SOP2a, or SOPIb and SOP2b,), only two of these
pairings will lead to the outputs that have B8thrmaximum fringe visibility
and are exactly matched in phase. 5 For the example shown in Figure 4,
theopldase@eidiesh mmimsapﬁr;nggcposmm-w@%amgiaa% sop2th or
polarisation st are: (SO an , and (SQP1b an P2b).
e e S D R
waled TGS akelddmpRrasly tovrkppeB tRERRIESSP, hateseptiy maximum
FigEire bde anil SSORIDI epda(dPalrén Exate 5. natidiedhase phdse .

5 amplitude matching condition is important for the Locator system, as it will
allow for the most accurate location of events on the sensing cable tQ be

deERRIlEE 1THREARR s IR PRIt EhTRatthe O R RloAfhe BRESFBA
betresarmire docimgepropuydery RO epiagatiMagutppiudigpalt artisratheon
MZsganens i%%the(mlgtaé%@cséﬂgmam% Wﬁ@?‘f@%'@@@?&aﬁ“ﬂhis is
out;at%%vare. gottrﬁgt ed in hagg theg ﬂ%E will lead to the introduction of

an2rorin e time diftdehce calcuTation and thus the calculation of the

10 |ocation. 25 Figures 7A and 7B show the counter-propagating MZ outputs
forrhgapaphemednaichsd shawmed iRgeeto UalcireRagatidgplRe 1y
PoQYeRi AL BLCS MY Kol 20> dBED L EOKIG 2 2RA PURR soPy,
and SOP2a1n Figure /B. 30 The achievemen of'count r-propagating,
pha8& n?RBred hBdFBRLH®Be outputs leads to two important results
with

15 This phase and amplitude matching condition is important

for the Locator system, as it will allow for the 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

20 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.

25
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 SOP,, in Figure 7B.

30

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-

35 directional MZ.
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respect to the system. It allows for accurate locating of events, as well as
maximum sensitivity of the bi 35 directional MZ. - 11 However, input

polarisation states which lead to amplitude and phase matched
counter-propagating outputs are not limited only to the input polarisation

states which achieve maximum outputfrikdes. There is also a plurality 5

of other input polarisation state pairs which also lead to amplitude and
phm&aé&heqﬁpa@at%&yaﬂ@ﬂbomasmsfrmﬂd&ihz'&iaas tdlamplitude

example |t is goss@lehto ad ust oth %olarlsatlon controII 1s.43 aggl 44 no N
suaﬁ ringe VIS |ty 011}% tpu}t)s | ent?c;a?anﬁ‘i%sless

thé-ﬂ‘fébFﬁﬂ:aPﬁFa&nﬁ&m%O@Buﬁut&ﬂ%élﬁ?aH%ﬂ %%Bﬁ@h"éhmh
rgwpav& friregei viaibilibp vl te afrtongreaductivhér eensitiailysof theplurality
bidypciep MZ j/aQ:@°p'8ﬂQﬁ§stQ%{%9%¥'§M'tiééﬁﬁ%o%ﬁ?éﬁeQ(lQLQhlead to

(for example >75 s still possible for the 15 system to calculate

B %&ﬁoﬁ@s&hﬁgﬁﬁsuﬂaﬁmﬁean WERBEDIe RYE SddhsiRymaximum
Thé manigeo v irsfrimgbividibiity offtbhe MZaupe fod tatk dressddviretheo

b'IQ %@G%Uﬁc%hﬁf’l@%@ﬁ &ﬁ?@%w}hgr?@ﬁw tiech that
re ns etween Iinpu arlis n es OU pu rn
%&"ﬁ Pﬁp&glca J[jg ]:'LQ.% %I%o% M e{lglca.l and

visi response | own in |gure WO unique
mplceﬁélamanortbatéélmﬂeaako raagsmﬁamﬁmiﬂﬂﬁge BEbilppRRM

twm@aans'te PEatRedhh sphesauSORsNViang SO WRidigie By will
Of 0gR-MaXi “I:‘%I gQgéft 'ti'&'eéeﬂg'a{'féa%w&?%eéﬁf g3y frings ional Mz

visl |I|ty form at|tu S, with the equatorial b representing the

pofsfisafich LRk BEmRILAT BRI Stttk WodmgkiRly Fetakively
polesgtoweids eeampibéondl Helt, sdy-Bisansti2 lwpichsi blidw&pr the
bewran.ihe §ve Roles: NGMogewisiRilly1dRaeahRant PEE¥ RS A taining

minimum at the e(iuatorlal helt E. Both "hemlspheres" are
an acceptable level of sensitivity.

The variation in fringe visibility 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 wvisibility. 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, SOPcy; and SOPqy; (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.

The position of opposing maximum fringe visibility poles,
and therefore the latitudinal and equatorial belts, will



essentially mirror images of each other. 35 The position of opposing

maximum fringe visibility poles, and therefore the latitudinal and

equatorial belts, will - 12 vary according to the birefringence of the
bi-directional MZ system, namely the input lead 12 and MZ arms 14 and

15 for the CW direction. This can be thoulft of as a rotation of the fringe
visibility poles and latitudinal 5 belts around the sphere. The minimum
fringeryisigdiboisd DagNaceseRElyHIvaYs ZaKe ReaVefd s ecd-dctional

ideal, MZ 10, but can be non-zerq. The, actual value of t inimum_fringe

i kel B )OS A TUE A S AR R 15
diré@orth® f¥ifddmasiatera chdtdesirGireRfgdimhtte Mz 2§s@m
;Oxaﬁ&difm tb€ N alieciiageanirdbdd Atchapgkes tadikatigantenal

5 In herpautlead lenaind 2. aRd far Mén SERSH e %i‘ﬂ%&%ﬁ@%i‘ﬁ%y is

not only the fringe visibility poles and latitudinal belts to rofate for each 15

dirBQforPBTeERA HisbYc fe?8hge of MR IRiFfieRRSHRE 1n an
ImpdeadtMZndh, v nzeamben iidrgezesibilinT hevastapployeiese of the
unify ¥ ReReveretheitiralinganceafitne M4 syigsy, 20:ikepkung at
the CC directlon of RIOP. ati (shov&n in fbgL¥S 9) '?1; e lgilidlrecéllf_)ngl So
M(}h&e A ST eTations |pebe etht ‘eer?ringe wsﬁ)ilﬁy orthe I‘V?ﬁcou?put

10 1, 2mngumpmamblafs gloangatete itre Sedmarncoshiokhs ddposingtem 10,
MaxDuR fFiege sifbitity pules cito?b haietne hpiltitdihalifsl in the

eq ial hel ill var ordj t yrefri e of th

e e e

arf€R2°An@4BS In-thck e Minint@R FRAFEXRUMIAGe tRifiFinge
valuis Hie ie-gapelassfoatize Ca¥ ilredioraforzeygivaro3@ dihetonfior each

15 theabspluteppsitianotibs madpumbinge visbiitysiaesSePsryLand

SOPccw?. is different when ]
visibilities possible. Importantly, though, the maximum

fringe visibility always approaches unity, irrespective of

the birefringence of the MZ system.

20 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

25 therefore the latitudinal and equatorial belts, will vary
according to the birefringence of the bi-directional MZ
system, which includes the input lead (Ljcaq1) 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

30 time, only the absolute position of the maximum fringe
visibility states, SOPccyi and SOPccy2 is different when

compared with the CW direction.

The optical fibre cables that make up the apparatus of the
35 preferred embodiments are actually installed in a variety
of environments where they will be subjected to

fluctuating and random conditions such as wind, rain,
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compared with the CW direction. The optical fibre cables that make up the
apparatus of the 35 preferred embodiments are actually installed in a
variety of environments where they will be subjected to fluctuating and
random conditions such as wind, rain, - 13 mechanical vibrations, stress
and strain, and temperature variations- At3nentioned earlier, these
effects can vary the birefringence of the optical fibre in the cables, which

in thekkan £hange ik-Hnpsndsibiites okbad seeatoh MAaadtptésnperature
through tq:e %olarisai;kon induged frir&ge fa ingIgPIFF effect.&o ina

ariati o mentioned’ e i these eftects can vary
realistic Insta Pa%_on, Where envwonmen?a]ﬁ actor's will cause random
bir&ﬁﬁg@h&?Eﬁéﬁg@élﬁ%n@ﬁhéﬁﬁr@&f’tﬁé%oﬁbﬁﬁesﬁer?f',‘ﬁwé:ﬁhb%s ’
viswhlitiels afnhetespecine dhAA§eoouthid iftehstieswisitary iaridasnyf both

with Jig-Jo the, 38%@@3‘&% OLthed r@ii_xeQQPQQ%%@i%Ed{ggevﬁﬁyfringe

to search and find the'input polarisation states for the CW an

diré@bof (REBRdiretidRSIMZSRY 15 WifcF EdeSHohd thotRMAtLon,
oulpwesr kaeny trosmertaihgdadsibitisy wad becapsieaseamdaamed. One
wayy ithis oL RE 0N SriyeR10RIBHIT HifelVio: boealob M ZplelPHiscaRibst
sCIamnling he polarisalion ConuOliets, QMBS Qh SCATBING 1 ve we
algsésfiﬁwr%s toulde tse asYong as eylf(‘?ac ieve theé co?erage Of MOSt
of letRassie iqnAifdiafsann ARy nandemiewiltdt faree Once

these input polarisation states are found, they need to be set to achieve

it t int itiae. the M
emgleed e (R LNE QUgeh 2ol pllss, Fakesn (e M

neBESEeFF &F Yortthuze aBfktiAGhd it bRRkBRYT sRRddfg sation states
cofenshie fOW aaryd EEWhdL r=ytéac $0 o6nthaichihdiosewtdronal MZ 10

ProRROAHNG SIHRGS YEHAIHRS OeH AR B BRhASS MAYCRSAMEGRA £ringe
outputs. This requires knowledge of the actual fringe visibility of the

coMﬁﬁﬁBhﬁiﬁﬁmﬁQQnRﬁ&§%$%ﬁ?Se matched.” One way this could be

done is by monitoring the two Locator MZ outputs whilst
scrambling the polarisation controllers. A number 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
visibilities of the two MZ outputs, especially in the

absence of disturbances. This is because the time taken
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bidirectional MZ. For an apparatus which is using a CW laser as its

source, 35 itis not possible to continuously monitor the fringe visibilities

of the two MZ outputs, especially in the absence of disturbances. This is
because the time taken - 14 for the MZ output intensities to go through a

full fringe amplitude excursion will vary-w## time and will be a function of

the random phase fluctuations in both arms 14 and 15 of the MZ 10, as

vvleﬁ@ﬁ tmlaéDIﬁE wﬁpdbl?% 1@&@@@1?:&@@‘“&6%@6 Qh&'&g.ﬁﬁinéthﬁDﬂ.leSfringe
along the length of the hi-directiqnal MZ system. Hawever, it is sible tg
detaer?ﬁ]%et%a a maximum rTlrir‘fwgléi qétgﬁgr&isv% %r erther oﬂhée Ngig'ut%ﬁt @

int€éhaGds PR 0tfeFRfoveRRARRy PhaRey flatetisat omsorifakiftfimarms 14
intamsityllsvelf ThisdsMECa0Se de myblorasaienPIPveldaensbieslose random

U”QP?&@&W&&WJH?%%&“QU{tytt?é” fnaadirgeional Me SYSgtn of

with_ polarisation controllers at the inputs of the bi 15 direCtional MZ, as
sh&Rf iREGHE2CEheMYE 8¢ HERRmining the required input

polarisation states, which are associated with the phase matched
MEXSRERMZ QUiPY’s Faesyisibilities, igdeasRshROIBHSHIGN sEAMBIMI £ringe

techpique to rapdamiy.chande the inaut polafisation stale 20 ML ;g 5 ¢

simu ?aneouslly monitoring the MZ o puts. enthePM Ol?fpuf1 _

intéhsiie PR Nt ZOIr AEaKeERD) CdoAREHAURM RIER tiRth BRX1mum

COF ASRANIRG MW EDIArseHaRS Lane-usebiosr! theMZ oYtmEximum

INtGASHISS %’P&ﬁﬁ‘{@efémﬁe"'ﬂﬁ'}i‘&ﬁ% ZéoGé"erHat?%@rﬁ“%ﬂ%_ e

possible input polarisation states that simultaneously give a maximum

fringeShBiblilyERr eIy difQdich RIFE PREELRBAH MZ, SVF HRR IlytRvo

oupofliae Yspasisiinl e qrairingsl dfecos nddt - priop adiating: 30 arfp uthps | ayiisation

SE@%&@@H@XQ&TaﬁQ?"§§h§%3@% in Figure 4, one method for
determining the required input polarisation states, which
are associated with the phase matched maximum MZ output
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 MZ
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
polarisation states, and their corresponding maximum

fringe outputs, to continue to search for phase matching.
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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 35
polarisation scrambling can be used to find two input polarisation states,
and their corresponding maximum fringe Batputs, to continue to search
for phase matching. - 15 Once the phase matched maximum fringe states

aroeadiiyl SEh setrackiot algantiinman Erisefbtseibviedokeepund and
the MZ outputs_in.a.phase matched conditign by adjusting the voltage

oo o BB 0 BB i R B0 L0 AORERAEC co ke
ThishecMiigae thirbe deicAbBd a8 trheiSeRdsd thanghie ey ussing

15t@eeﬁllmdéa\mﬁm§snfmingamismaﬂviqhmis bhaeean ‘dribugdathe
are,cantinuoLISlyGHO MONItoHAY dies Mz Quipyts, yigare not continuously

monitoring the output fringe visibilities of the MZ outputs. To detect a
maximum fringe, it is necessary to wait until the MZ output intensity goes
to, Briverjtecam igruerovdrlihakien we sotehbedlein|. Sitred thewiEloutpdigrence

15 w4l rardaraly vedy hapees angagpbtidendheiinedake’ fQEWRIGHE this
m imHm_out ut, fringﬁ can be dete}%ek(ljégl)r either of the MZ out uEs will

vary‘.aﬁ\n%ﬁ%} dral bat t]'s Shati the om‘ft%uf’l @eatcaor?]%l%(frlr?l? m%nXge

staepLtRr hngattheeMroomERWRIM iWRN3ELR|IveL iembinBPBsSle
to AcieCtbis aduatios usitgatlyabbnéRChriGiih A1 eie diregt terbnigre

‘(’)"S%%?ﬁ%‘é’ N copgngg@%%m NHALNG IR fPPQ@&’éSibi!ﬂQlesi%f ﬁgé\éésary to

This requires that fringes are createdartificially in the system:

FriNgé$ can belarthGatfcRatRih the i8R 1b%Y GORG £RanSdudsty near,
one otémsensing aimano indokhaie tige 18rphase sithedigthe MZ outputs

F”QEEE?“QQN@&HQQtQQPPWEn speed and amplitude, the time taken
for which a maximum output fringe can be detected for
either of the MZ outputs will vary. 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.

Another technique for stimulating fringes in a fibre MZ is
to modulate or dither the wavelength of the laser source

16. As long as there is a path length mismatch between
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However, for an event location system where it is preferable that the
sensing cables are totally passive, this is not a practical solution. 35
Another technique for stimulating fringes in a fibore MZ is to modulate or
dither the wavelength of the laser source 16. As long as there is a path
length mismatch between - 16 the MZ-ardi 4 and 15, then the
modulation in optical wavelength (which can also be expressed as an

optical Mequancy) Ydll IeRd toshe emationHy fHogRE dHiocoMmeopiddal
due to tlle Wagglen‘gg] g{)endenti)has 5 difference b tween the M

arms causeg the en mlsmat§1 ixo? aelﬁach Zaeﬁnaer f@ Wltﬁal
paﬁﬂ%ﬁt}ﬂf‘%ﬁi eﬂ’l% piasERRfSEPREINP REvET RELEms Chd S
be esipeassabldyt 46ue2|tb othlkAwaki:Catilogile ”spdbadefiacipleaiadex of

thelir e L0068 & IS 5,2 E 4 ALIIGHY '%@ré(é‘%%‘sé‘&db% 3 S0 JaS8l'S1 ength

optical frequency change. In the case of a bidirectional Z,asis

deBiRAERFguEeF, RelfimaRe HRIIERE B ethedn R BrisRg itk
MZniviiiiae: e ddime fhec iia siredidif ek propagapobretwhewd tieenctens can
thatdhe.tvaseLlitiespce referred to here is additional to the phase

difference between the arms which is induced by a 20 perturbation event

on the %é seanr. For a MZ whose operating point is at quadrature, a full
fringg e be achieved for a given path length mismatch by

modulating thé laser source's 25 frequency/wavelength by an amount
which results in Dip=n. For a typical fibre core index n=1.46, a path length

migRakeh AL =Im, angda M?PQQ%R‘B‘En"c‘i@:g"éefa‘&h%m%ﬁsqB%’l%’, c is
dither of Av = ¢.40 _ 3x10s.;T = 102.75MHz 30 2r.n,0.AL 2,r.1.4
the speed of light in a vacuum, and Av is the laser s

optical frequency 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 A¢=n°.
For a typical fibre core index n..,=1.46, a path length
mismatch AL =1m, and a full fringe A¢=n®, will give an

optical frequency dither of

8
Ny __ AP 30

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

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

wavelength dither of ~0.8 pm.

One of the simplest ways to modulate the wavelength of a
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For a centre wavelength of 1550nm, this corresponds to a wavelength
dither of -0.8 pm. 35 One of the simplest ways to modulate the wavelength
of a-17 standard laser diode is to modulate the drive current to the
laser. These types of lasers however do not normally have a high enough
coherence to be suitable for the applicatidds discussed herein. 5 The
pumped fibre laser source 16 requires a mechanical modulation of the

fibedagaesaavilys €t filarrBEndns gtlingsda rchie vensawieRdhcurrent to

magylation. Ipis can g adligved Bt using Siher 8 8MReT A G NG, a1 1
approach, or fO a mecehanicﬁpplezo tuning ap roach using a piezo Y
traR@¥§ce? (PFIR ﬁﬂ@é‘?&nﬁ@?&?&@lﬁﬂin@qsg’@r)ﬁﬁbﬁb{ﬁ@ i@ fefing
medbed iscabieasitell tosisked |aser#imrder to achieve the wavelength
dithering or modulation. 15 In order to use the dithering of the laser

wavelength to continuously monitor the frinp?]e visibility of the MZ, it is

netOSRYIPELFdBFR AR5 THI SRMECP Yo Fl &RTe Bf Bo§hanical
maaedhtiont Tois efjurbmefiiisrgetbangmetsh\cimeifayt, that, aSlipeati®redyg

eagigh ttha20 aRerating aoint @b the) Mgt ANChUtR] qUaBalI&an be
WD Yme.a the cealion of only one (il finge, Inal IS DOPS200 WOUtn, ox
nof'fe safficient Yo 1C:lonttlllﬂjousy Show the e ﬁ"llnge vis’fblfll y. ?hlsblg !
illudtrareharFHigat piezo Figinéna SRDECHER fOrHloEtie NPA S ut
opeffdingdnesi Wy exasiyabquaetiplfaLapRlyibgrii myusdidalry slow,
Phagg ( L@S%%%Hiﬂg“'m%%%éo cxeyrsion wil lead teoa_fg_‘”éﬂnaeg%er in
cycle of phase modulatron. In other words, the fringe visi Mty can be

coRFARKISKP riGHHREE IEBRA TRLTREH I AIher iRar aff@edulation.

function of the MZ is a raised cosine and it is being
In order to use the dithering of the laser wavelength to
continuously monitor the fringe visibility of the MZ, 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 (Ap) 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

contain harmonics of the fundamental modulating frequency.

However, in a real MZ 10, the MZ’'s output operating point
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modulated about the quadrature point with a sinusoidal signal, the

resulting stimulated fringes will additionally 35 contain harmonics of the
fundamental modulating frequency. However, in a real MZ 10, the MZ's
output operating point - 18 drifts in and out of quadrature. This is

illustrated in Figure 11. If, however, the ditBering is used to achieve at

least 5 360 of phase modulation at all times, the true fringe visibility of
thesstinrelatechirigas sad herceptnapasyranonitorad ifgspective ©fdied in
drig. of tq:e N%output's operating point. This is illustrated in Figure 12. 10

If a (%lpﬁase modulation (or more) is used, that is 2 fringes per cycle of
modulation are stimulated, this will ensure that the true fringe visibility will
alvfys eowaeastralklee irgeispieeitingf the drfed the MAlniEwd. dhidedlst
essepially progucehigbgnhiamonics b herl & siuulated LingeseAs 116 ge
MZ output operating point drifts to the left or the right of quadrature, it will

calSS ilghtt F¥rRSnit8of Bt MR tRY EREP 923 SRR Ut SeEREaMaRS LY
withathé fenueinerimrditperdisguency tohise drebEht mfthbhetinMAaedtput’ s
fri"t%?ér@@irﬁgmék&ﬁﬁﬂe tha the §@nym%&m@§cﬂomotﬁm%ﬁ?ée 1with

e

the fringes created by the events which are to be sensed by t
apparatus, it is important for the frequency of the stimulated fringes to be

in & freaudfdy rahprsremodwladidethater tReseentisigiasdetddrad bys 2
theg ApRGEBUB IO EIRDI6 finb Bipicat instalidiens whata ke dPqURASY will
CEATE it g phud Eatdd LRt RTy S 0 e
witH RS SRRV ZIGRE RS allify Qoittel did fite pRaddgithE sptput.
shawth $n wiglteddsantially produce higher harmonics in the
stimulated fringes. As the MZ output operating point
drifts to the left or the right of quadrature, it will
cause higher harmonics of the dither frequency (2"¢, 3%,
4”ﬂ 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. 50kHz.

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°
dither 25, true fringe visibility 26 is always present in
stimulated fringes, irrespective of the drifting operating
point 21. There will also be frequency doubling for the
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stimulated full range fringe 23 will not be achieved due to the drifting.

Figure 12 shows that by using a full 360 35 dither 25, true fringe visibility

26 is always present in stimulated fringes, irrespective of the drifting

operating point 21. There will also be frequency doubling for the - 19

3600 phase modulation for this case. I Figlure 10, the static operating

point 15 which is at quadrature and the phase dither 25 always produces
thhesm l?{f@&lhza?ea%%howfaﬂn Eﬁlﬁes&mhﬁ%me ﬁﬂgtﬁﬁe?f, IEE' the
phase 5 dither is at.a frequency, of.about 40, kHz. The frequency of the

e e A S S 1E USRS Hna the

igure
do® céﬁ-ﬁg%éeﬁn 23waKAsiRe gt frifQes FirRppsad 1l fringe
inc:nﬁiesh‘tﬁrnhammarﬂgmoé the fundam@ﬁgh&aqu@cygnmaexdtmﬁ_nphbee
fundageialdd dihe esuigioycepe Al SPEakinLe Ol ERBGSency of
will include a proportion of odd and even harmonics of the fundamental

itk EFIRES S TRE aFHIFd B D dfadd &R -hahdrgure 11 the
freqnerdieo &it mpgivendimdonbdiépgndan beactgavhars tBS driftnglst the
MZaipiuts 99@?@9 aqintﬁ?&ét any GveD AR 1Eaured S Rarmanics of
scq:%mat}_c blc?Ckeﬁ%gar mf(]);;a |‘rasrtlcembod|£nent o{ th 1g1ve§ |%n }:n \lglv g:lgental
the-controtiar 2098 Separate romte MachZshntfer iferrefometar

whithtieen s SrdBenReginCaReaa bt 1hepaasdfembbafmenspPrigufc inges
shaws 1hg hediidicap ot endnndEdesithedfaddr dibrhddmmics of the
preyi ribed. The lead-in fibre . conpects wi ler €4.50 th
e Vi U3 ERMR°EE 'R Bha ana
se&RM2 B3GR EQafiFEBIERET &AL St¥e AIGRZERMGWig! riflepend on

Mashaéaiing ewlhietesfe tchectdr 16 thiascn MEnng pengtls obgesahioigmppint is
typigally §q_\4¢égl qrjpare 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 30 signals recombine at C5, is received in fibre 31
asBhgure 13 is a schematic 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
coupler C4 at lead-in line 12. Thus, counter-propagating
signals are received in both arms 14 and 15. The output

propagating signal received in fibre 12 passes through
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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 35 coupler C4 at lead-in line 12. Thus, counter-propagating

signals are received in both arms 14 and 26. The output propagating

signal received in fibre 12 passes through - 20 coupler C2 to a first
?g'&%ﬁﬁl‘éﬁaﬁn thﬁﬁowefse:g&te&ew@eeeatinmgisﬁal m&sﬁh@?&#ﬁﬁter—
ibre 31 and through. a coupler C3 to a secon ector 50. Thys, if ther

o BeobaIA TR0 BB ELEeEd R ERE CLiled T, M Enrough

LSPfERERIRh EehriRra oS afaPfhodfieRc EBtntel-profiingisfyidiere is a
copignttantrhabpagatearailghwihe aeFsiggaems 44 atd paback fo e

respECUVG FSIBHgER19 ansleSQLENq U dleleace PEBVERR, LeraiqRk; eq

the modified counter-propagating signals are provided 10 from the

defé%?d}g%'é’rﬁfgﬁ?@*dbfﬁt et %O%tﬂ%ﬂetotﬁroﬁﬁggﬁr‘-’@fﬁ/hﬂmugh
forthinesdatedtiy ewinef hé praiedrbdlsmdiodimenheo tesplee bvwrt can
bedgganisnc anyl bRevsot loonian deiRiminekly e TsdiiEEi Bece pt
e en receli 0 e.modiried coun er-pro atin Signals detected .
e b e e S e i Svidea

incfries thhendepedieentRsends dthide pritkRrBas aht Bop a0 and then
sigbal whisbeds split it Witiby CEupiar Shel sl 0o als 8ro fhethe
passed-to palarisaio trollers P apd PCccw via fibres 37 -

Th% p%}rfé%%gn%%%rﬁ?él er?ogreg%s%gg?veﬁg%o%%gﬁgd ?é%oﬁge%%j%%%lsed

an@"E3 SRRNSVRRtCOPEATHOPagSHRFIRSR B¥ IHhfcHem g ifEerence
Madnh téeiarder édeldfptomdtet A8 asoatbfibedlyczndesarietopagating

polayigatian cartrallers §OBYoliAg Ikl RRIGHSAUY SiAEsf the signals

whichare input into the arms 14 and 15. To find the input polarisation

states which produce
As is shown in Figure 15, the controller 20 includes the

wholly coherent laser 16 which 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
outputs at the detectors 40 and 50, the polarisation
states corresponding to the outputs passing a zero or near

zero level, or maximum are stored in the microprocessor
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30 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 35
outputs at the detectors 40 and 50, thepdldrisation states corresponding
to the outputs passing a zero or near zero level, or maximum are stored

in 2 MiopRIACesOodp 9. Yéuihe QUtpeieaskemaZaiml level, the
maximum level.the corresgondigg input,é)olaris iop state is consigered
olar lon Iallge onsiae

d d to b
to be sUCTHthat it athieves a aX|mulrﬁ?r|nge vis y foF that output.re ° e

WiRHFR sthatfe Hurd eSS Aa¥sdtieh FEbhgeartitdRbl #fy for that
SClraiitiping .is SHippeda TheDtdpilie Hambee asthsihjpand polanfhi sation

receiacllly thedglegiony 40.aad 80, ARG GOTDARLIMLIMDIRNONS tputs

of input polarisation states and t%e degree of phase matching between

theteSThtEPBrdalatng oafishied RS 18WVhEN e adgkedors 40
phaselnficlking isheoveanpedetdrmipre dcanbdpialiedeselptheinput

COiS%i_F&Q@&%Q:th pelprisatign Stetes TQE@’PLC@ the q_:ﬂ%%% %E'%%’iﬁng

m tci%ln(g V\I/Iastgcce otaglg are slgat tom nltrfiun tgeé)hatse mgtcggg oute_%tg d

dei%ec e Sy the Gefadtors 2b and 56 97 54 a%ceﬁta%]’le 5 %Iegree ot [r)[hase )
mdi&eing IroGegtRed ofcRasa bMa;entn@igadRPPR cedRkedetermined
desegdwsicalpave isaepagtedragadiv tirdispecrRpiagieidasiecpoiprdsation

m ing is achieved. JTh larisation coptrollers 4 4 are driven
oy A%, 2eteyidel t%*%%%%ﬁ%ﬁay%ﬁaﬁﬁé%ﬁe%%%éaﬁén o

sigRSRER iR HBr&rs7 8RE Sscampitebie pRYIBRR S M2 EGHRErcesputs
and€X>asd: byurtibepdipagatiog sing0tsandhé @rmsIlgl amnd dbcdptable

When,hedegeirgd Juutpolatisafign slatgs which, agigve diiaseerambling
matched maximum fringe visibility at the outputs detected by the )
defRIbISAPATS BY K& RERAT s%e?é’ﬁ%f’inﬁﬁf’ﬁ&laﬁ§aﬁcﬁ?§tﬁfeesd again

araipdgtidndaikeeptable degrees of phase matching is achieved.

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
signals detected by the detectors 40 and 50 through a band
pass filter having for example a bandwidth of from 1 kHz
to 20 kHz (which is the expected frequency of an actual



outputs detected by the detectors 40 and 50 are 30 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 35 signals detected by

the detectors 40 and 50 through a band @#ssHilter having for example a

bandwidth of from 1 kHz to 20 kHz (which is the expected frequency of an
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determining the 10 location of the event. In order to set the polarisation
sta?@s,}fﬁe%ﬁﬁﬁﬁ&énsgtput signal from the detectors 40 and 50 relating to

both counter-propagating signals is received at the 15 monitor 60. This is
esgenilly Ehe ray sNsh §omeRatbe dateciargA01anth 2@ apddialRian@idm the
low as%filtergg ggld Eﬁ:d to search for maximum dfrigges dur.in%t ?f
pofzrirls%itlc?ﬁscram ing ey Eé:t%cc:ﬁr?gs%rro St MaxinTunT rlr:ffleln%ll’t? evelS,
WHarselaaxedurfiengeRdve been 20 located, the processor 62 also

checks for phase alignment. When the desired polarisation states are

I h | fed o the PC dri it C
i T o oy et Sasiah ST Khpiste

poRYiERHS stAPRduftPussReudeissiarm. Momnftingkaed@ting to
peboithed conttaotshopadaeimiteailgtatesure thatiievwedquied the

PolaisaY} Sates arp faainainad SiQUre1he, SRS 2:80C098nal from both

enggﬁggggggtgsngﬁgm88.and that signal is low pass filtered
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
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

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
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 L;. The path length mismatch is required to achieve
stimulation of artificial fringes by dithering the
wavelength of the laser source 16. One input of the

coupler C4 is used as the clockwise input to the Mach
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30 This embodiment is similar to that shown in Figure 14, except the

Mach Zehnder interferometer 10 has a path length mismatch of AL

between the arms 14 and 15 so that one of the arms 14 has a length

LS-AL and the arm 15 has a length L. The path length mismatch is

required to achieve 35 stimulation of artifiéidl fringes by dithering the
wavelength of the laser source 16. One input of the coupler C4 is used as
tE&z@Hﬁlﬂl&'&.‘aei@pl&ﬂa t%gAmTeﬁfﬂ J‘Z’W&l%ﬁbot?@ taeuﬁhelrﬂTcut @fs not
the_caupler C4 .is not used as in the garlier embodient. Simijlarly, gne of
e S5 s S SSRERD SREREThe . (T ST S ene

inptRRSHiAe Rbuthe-FopRAMLSighd FRASaFESHeEarRicttRe tdupRd
Chosadamdeat udssl. fipue 1fdg atliewadihe eprpakdesatfhadongdisafjgaal and

thig yRmBegigieny pf theel ”%!ﬁ@“%lgb‘ﬂl%k?hdigei gfelqnee AMme el .
indicate like components to those described with 10 reference to Figure
15. In this embodiment the laser 16 is a diode pumped bragg grating

ba&d dguped IiBre.msar. viigewitlesT thbevaneiangth lefthe faserdérding to this
pieéﬁs%mce&&%nwceﬁ@qmmb h &1151‘1156%&.'@1"1 eXaRP|§OFePfénce

internal br ratings in the, fibre laser to modulate the outpyt . .
e Bt R ACB R0 L5 SRBRRE SR i T GReo S SBRTEipef mith
whishE @paneen freqBéarrebdvi the event frequency of the perturbations

which are expected to be provided to the Mach Zehnder 10 and sensed

b d | lied_t 6 f | ianal
R R R N e

o BB R SRS T ERRE B the it HREFudRS ARelength
hamfiorthe ol #eeditliss frequebey ded bast dicentaeswsibedar détailbvishown) is

refgenge T@ﬂg'éfﬁérﬂﬁpl@, 18k 30y YrlegHe PUBaREPYBANMHEs in the

mismatch AL previously
fibre laser to modulate the output wavelength of the laser

l6.

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
and 50 will be composed of the dither frequency as well as
harmonics of the dither frequency. A fringe visibility

monitor 80 is connected to the detectors 40 and 50 for



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 35 and 50 will be composed of the dither frequency as
well as harmonics of the dither frequency24A fringe visibility monitor 80 is
connected to the detectors 40 and 50 for - 24 detecting the artificial
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controllers 43 and 44 res ectlvely The controllers 43 and 44 are

cofTEHEE e BoFinMaars A8 B8R 47 which

Figure 18 shows a still further embodiment of the
invention. Once again, like reference numerals indicate
20 1like 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
25 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
30 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
35 outputs from the controllers 43 and 44 to be related to
their respective input polarisation states. The
polarimeters 46 and 47 also allow for the capability of
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respectively measure the polarisation state of the outputs 30 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-vigility of the 35 outputs from the
controllers 43 and 44 to be related to their respective input polarisation

states iy Pobiineeiers Apabdplalse sdewdar heawapabdituabtBer for
maying, e, ane DKL PaIRisalion. ks dg,another fpr oth diteciions of
propagation in a eerminlstigw .S o_u?élthat be desire " This Y
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states for each direction of propagation, as well as how to change the

poRPLAFHF ALHER AL R Ml I pSEFRETS fikG aSRemERamath he™

inprt potpeisutien biated  CFARy ahd SBGPHow veach pdicdieetion of
phaseprjahadhi; disectipaal oylpuirlordhendageZehadelo 19 1akelieton
CWouttandli:C]\:/gout |gﬁh% ;%ng_lgs.i %lncesrrslg_%gcatg)ns éllel_lltll‘gn ;rlgl%s Iél'[ ntain
an&os%oﬁgo 2 139Rvention may readiﬁlobe shiatie Qoy Persons ski ed
witkirethtnnu it Bed 2eifrletonod tadehisSAPenti®ndisSRRdimiiehhproduce

papicslns -ananedieenbdeda hwsitlonay ehrfitizle fiesainghevéatthinzehnder
the,gaiis, which folg anghg tRegpreceding lesgugign,gLine invention

except where the conf8xt fequires otherwisé due to expréss language or
necessary implication, the word "comprise", or variations such as

"cEipriee Shod iddrptidiog s isiishd m ahéencipsivd Poaetiseciopdoof the
SPEHDHERIESHF Yelhg SigreddealbEas fkl NBYIGRECUIE BRi11ed
presence or addition of further features in various embodiments of the ]
mV%hﬁBﬁP the art, it is to be understood that this invention
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.



- 26 - Claims 1. An apparatus for locating the position of an event,
comprising: 5 a light source; a waveguide for receiving light from the light
source 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 10 waveguide being cé@able of having the
counter-propagating optical signals or some characteristic of the signals
magtifisdner affected by an external parameter caused by or indicative of
the event to provide modified counter- propagating optical signals which
continue to propagate 15 along the waveguide; detector means for
defecting the matHiEPRITAI M SHrEPEgHRRPASAIMAI ERP RSO b9 hén
patareeter asdprdaterigining the time difference between the receipt of
5 the modified cowtg&e&gpaggﬂgg:gptical 20 signals in order to determine
the location of the event; a_controller for controlling polarisation states of

the counter-profad X BK§ Bptios FgFaEeean¥ime LiPhak FEWnifGqdioht
ansd phuse nsatchbatarkhehdigih tha waceysidd comppisepagirseadm foroth

254e¢Qivipgdhe CQMBE%‘%H@%WQ&@S@QH%W péfmrf&{e counter-
receivin%thetcounter- E_o(g)atpatin si%_nals, thg__ first and second arrﬁse

forfning aMach 2eRRaerterferdmetdr. 3 hﬁ]éﬂgf)'ﬁ SHiSof cram 1

10 whersiaand depesiaigrisaprbsiateafofhpy tadniheresagting Raensgating
arepedialied igyashisve maxdmenchdpatitnges 3 cllbFapparadiyatls
C'ﬁ?xf'a‘&"ﬁ%‘&?‘%}!’e %‘?}t&'&&'"%f SRMBLSE3 18 dSIECI e Biced by or
polarisation (_:ontrolfler or each df the counter-propagating signals and the
Hgﬁpgéﬁéﬁ?ve of the event to provide modified counter-

propagating optical signals which continue to propagate

15 along the waveguide;

detector means for detecting the modified
counter-propagating optical signals affected by the
parameter and for determining the time difference between
the receipt of the modified counter-propagating optical

20 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

25 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.

30 2. The apparatus of claim 1 wherein the input
polarisation states of the counter-propagating signals are

controlled to achieve maximum output fringes.

3. The apparatus of claim 1 wherein the control unit
35 comprises the detector means, a polarisation controller
for each of the counter-propagating signals and the light

source.
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- 27 4. The apparatus of claim 1 wherein the detector means comprises

a first detector for one of the counter- propagating signals and a second
detector for the other of the counter-propagating signals. 55. The

apparatus of claim 1 wherein the light source comprises a laser light

source having bragg gratings and an adjdster-for controlling the bragg
gratings and/or laser cavity of the laser light source to thereby alter 10 the
wayelength of thenlighd sigiied eupus fros Hierase iy odueng thetector
Coum%tae]{{EF%ooa aling slonals 6. Jihe apnaraius %f?céa'@r%le Wé‘ﬁ]r%”rf "eounter-
control unit” includes a processor for receiving outputs from the
deRERRIAGAEIBI pIrehy tRBDLBp REFONRIiCRELPteTedOmdhe other of
detetimn i ireteeaiarophilpe taednt. sA giwelapparatus of claim 1 wherein

the processor is coupled to a polarisation control driver and the 20
polarisation control driver is coupled to the polarisation controllers for

controlling the cORFoIRFERF HHEL P Se L1 Bothri¥BRSFoRthERGgdight source
supghmiriicashe lijhssoulcegintthe dinstcn dhsotorgl dnaogf thedtdeigs and
Zelidga fUSHEIOIe! Knindben Seke DAY QG4 TAgs and/or
coynter-propagating signals. & The apparatus of claim 1 wherein the

olarsE SR e A R R R0 Sy ThFReBy alter

mdriering Yied engiver-pfogdtritihg B Bd geakianbpdte Soemidderslaser
so tiat whisatheimgditied covninidiopaepih tbiertergieldetected by

the detector, the MZ output determines detection of those signals by the

detectors for processing by the processor. 35 9. The apparatus of claim 1 )
wherein the firstEhf GPRAFRIERR RhrekeiledePReRein dibarGenfrol unit

lenptic thde sha spemukamo of frerMeaehefchimgr sxeerometenso £R8
detectors and for processing the outputs to indicate an

event and to determine the location of the event.

7. The apparatus of claim 1 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.

8. The apparatus of claim 1 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
detectors are detected by the detector, the MZ output
determines detection of those signals by the detectors for

processing by the processor.

9. The apparatus of claim 1 wherein the first arm of
the Mach Zehnder interferometer is of different length

than the second arm of the Mach Zehnder interferometer so
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that the first and second arms have a length mismatch, the control unit
further comprising a dither signal producing element for controlling the
light source to wavelength dither the output from the light source to
produce a 5 dither in the phase difference between the MZ arms, in turn
which produces artificial fringes at the dri#@g-output of the MZ. 10. The
apparatus of claim 9 wherein the dither 10 signal element dithers the

phass difference betwesndheddénd s ahlepst 360 dag¥RduGE®&match, the
artificial fringes, so that the drifting output of the Zehnder's .
oSSR TE BE I LR, N S MRSk prqdycing
localiffenteEPF cERPEEPYthBIstERE oF iahfcIfiRy FigRt kR Yavelength
wadéghide schibabineptightiismaushe (A pglpagadm ceotbaliectidaoge a

aloggdne wayequide tg arefy prAdS, CQURIEERINAGAINoRPUISREED 3

signals in the waveguide, the wavequide being capable of having the =
co&H@Ep?&’da‘i}étﬂﬁ%‘ﬁﬁﬁlssiaﬁélé%}%bﬁ?e FaRgR&idt Jithe bl ng
maouliftgeldr affectbe bMZn external parameter caused by the event, to
provide modified counter-propagating optical signals which 25 continue to

propagate along the wavequide; substantially continuously a .
sir%‘u taneouslyﬁeni%?lﬁé]rlﬁe Lrir'f’oa‘? e %c?l}r'ﬁeré-)p‘r"(gp%ﬁeaﬁ}ég %% |calther
sighdgnad trdemeat adicbearscdirs, phass tid ffieggiage between the Mz
CouRRE PEypagating Pt calevgnalscaffacserh by 3rtbe £xéaraal Faraniier, so

ar cted: determining the time, differ twee efection of .
thS: r%%gifisggesigr%a g‘l: r?' g%e%%tlé %&er%?n%%ﬁe%gﬁ;io%éq ?ﬁ%év%ng bérating
forRfAG theahiodguidd SRLANR.ch BenkaRe FFrindife Bitbiddivg a

first arm through which the counter-propagating optical signals travel, and
aspgond arm throyahyeich, 18 cULHS KB ANRIAYAS PPEEHNAWRg 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;

determining the time difference between the
detection of the modified signals in order to determine
the location of the event;

forming the waveguide as a Mach Zehnder
interferometer having a first arm through which the
counter-propagating optical signals travel, and a second

arm through which the counter-propagating optical signals



- 29 - travel; and controlling the polarisation states of the
counter-propagating optical signals input into the waveguide to provide
amplitude and phase matched counter 5 propagating signals from the
waveguide. 12. The method of claim 11 wherein the polarisation states of
the counter-propagating signals provide @%ptitude and phase-matched
counter-propagating signals 10 from the waveguide which achieve
magdgvenoutgdtfringes. 13. The method of claim 11 wherein the step of

controling the palarisaian sieies pamprses iandorly. dhanaino e ipput
polarisation states o ﬁ1e_cou er 15 propagating signals whilst monitoring
theSCOUHER TREFPRFEH I ARiCAPELR’s AHERAHSIREWadNEehhe
intedeemeaidetotdetpeoar sdbstampdlivtirie siaid @hiéenstiidscived counter-

i H oy ) : . I | d
> ;nealg%ﬁﬁgmﬁ? R IDERlies %o C&&@t%w%gagagryg signals, an

e input 20 polarisations which provide the substantially zero or
substantially maximum intensities. 14. The method of claim 11 wherein
frink@s for detePhiaimetbbqsblafsatibaistatty awbersficnllyhésprdaedsation

15sthe sethed ehelaimddruhersinhicsartiingllys igaated fipges ae
createtibz dcifherin or modulatin e .wavele gth of the li Esource.and
55 RS Ea 2

pr&Viaing a pathIength S0 mishia TR iRF SRAYREIRT afhgBR LS

10 thefmemh thehwasragetdeombiceh] @chieNRIMAKRSMSRINeY tRterEminges .
the step of controlling the polarisation states comprises controlling 35 the

polggisaton conyglers g hreby: set (e npyt paladsaionsiale,othe e
signals supplied from the light source to each input of t eEn irectional
Ma‘EWZé’rﬁxﬁ]e}@%Othﬂeﬁégoﬂﬂéﬁﬁl&%vmm&h%ﬂ%mfé}dmly
changing the input polarisation states of the counter-
15 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
20 polarisations which provide the substantially zero or

substantially maximum intensities.

14. The method of claim 11 wherein fringes for
determining the polarisation states are artificially
25 created.

15. The method of claim 14 wherein the artificially

created fringes are created by dithering or modulating the

wavelength of the light source and providing a path length
30 mismatch between the first and second arms of the Mach

Zehnder interferometer.

16. The method of claim 11 wherein the step of

controlling the polarisation states comprises controlling
35 the polarisation controllers to thereby set the input

polarisation state of the signals supplied from the light

source to each input of the bidirectional Mach Zehnder
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propagating output signals. 17. The method of claim 11 wherein the laser
source 5 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 aBays display their true fringe 10
visibility.

interferometer to provide phase matched counter-

propagating output signals.

17. The method of claim 11 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.



