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METHOD, APPARATUS AND SYSTEM FOR M NI MALLY | NTRUSI VE

FI BER | DENTI FI CATI ON CROSS- REFERENCES TO RELATED
WERWEIEATE ONS Thi s application clains the benePCT/Us£004/020381

U S. Provisional Application No. 60/496, 448, fil ed

August 20, 2003, which is herein incorporated by

reference in its entirety. FIELD OF THE | NVENTI ON The

present i nvBETHOD; ARRABAJIEAND SYISTEMROR

appar at us MINAEF L NG RaE sk RTRR TR ATigh,
mnimally intrudes with optical signals propagating
thlerel n. BACKGRQJND G: THE I NVENTI ON I\/bdern

tel eco D {

PR S A

e0MuE448, flenregiuet20y 2008, whichfis hefsih ihtorpbrfted My reference
l'i mted space. n addition to the increasing nunbers of

e PEHICYY-i bers, traffic carried by each of the opti cal
fibers is also ev a city increases,
probl ens arise i anlﬁléﬁfng eﬁg'h'}’éﬁﬁ?m optical fi bers
of a Thel presemiuinvergionoelaié$ geaeraﬁpemﬂbemllehyﬁca‘lmaamb more

fi al flberstrans or& | ar mount s of

P@ {eUlaftye 1@ RAPEHRY: BeATEIYY ﬁ eo¥ °§!§5<9’ﬂt'f3f‘%$|f1 berstBahis
its and, as
B e B e by eanpl e a
typical tel ecommuni cati ons office i ncI udes a plurality
of racks of trg javi ng
mul tiple fiber HIEe efs and
I eceiNy®dein Iténewmn*.um@atwsdﬂn@émé @\VblVéU ih@centysars to
The fibers are ultimately destined for termnals
agremerodate greates yelomescofdrafie dhusiplaging laraar ansdatgesns,
T [ I
ond&ﬁs g% Qﬁlgpfﬁefng&?s%agly[)&gﬁﬁ?&feﬁ b%/e?ﬁt c%?fug%@ Ny %ﬁaétgh%ﬁ‘ (I)lb“}fted
s?ecj@luirt ladd;htiom ttmgte DO reERing ﬁumbel’s @Eopi&:ﬁbﬂbmnﬂ'bﬁlc rﬁ:arned by
e, g ig | de cross connects) ch conpect the
egchioddhe pp @?9%?@'&1@@ %@V@HPP@@S‘Q%ré&%F%pﬁc' tdaneigases,
t fic from
p?cﬁél h{ée?rl cthﬂ?)eg ﬁ?algf esttl%rflgﬁg "%g%?st(tgf?érre t he
telragomnuonicaion afficgpaBhecifically, becalese:op’madtflbers toandport large

B EE AL R e Fatsh o i ey ER T 3 dn dye

d@Mpﬁ@?@ﬁ?eM&%ﬁ@‘fﬁaWc?&utsfaﬁd @é%méhe’so mahelctistonestst 0
dentify fibers falling off), fibers being initially

Slfal@|éar!ﬁpusfycorrect ly, or emergency maintenance action

' equror '%Qa%ple"’}sat typical telecommunications office includes a plurality of
racks of transmission equipment, each having multiple fiber connections to
transmitters and receivers in the line cards supported in the racks. The fibers
are ultimately destined for terminals either in that specific office, at customer
locations, or in other offices. These office fibers are typically bundled and laid
in fiber trays that provide paths or conduits to junction points such as patch
panels (e.g., lightguide cross connects) which connect the office fibers
(sometimes called “jumpers”) to the outside plant (OSP) fibers which carry
traffic from this office to other destinations. Over time, the exact connection

paths (i.e., the connection paths between ports on a lightguide cross connect
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response not being properly docunented. The

unidentified or ms-identified fiber connections can
wabkdosmomises y | ead to di sastrous Quality of ServPCEUS2004/020381

cond|t| ons. For exanple, asksume that a technician, in

eS0T RN 0 AT Rl byl hlown,

u@dns tfor dxeaimpfel tabets usdtbicsidenti®y fidfers f&ihragj aﬁfmﬂbérst being initially
% conne tion is mslabeled or unknown,
'atbé INEPHRCE ;QF PG a%@%@amtgwpﬁq é'% r&ﬂHB@HQI%faSt
(f‘b%éé A8t BEin 9 ﬂrsyértly db&iRe lre%atTH@uﬁdgﬁN’ﬁe%f 6%lsaﬂgntlfied

I sruption o vice an el'aying the repair of
filoen cg:rmnlctlcbmbaledltlmatelyl lead As disastious Quealityl ofrfBemicehave

d far identifyi fib h
oo P e Se: pSSBhe tha Fielbnicdn ibine Srsegt
r@p@ﬁ@ﬁ@%@@é& bfAlght Sah! eanfs,bémfeﬁé amb@F |pldEab bel)ng

conmunication circuits include Local Injection (LI
camedted & a pertgdentiied asihensnuies of theaalarmay &f thedivensed

C?w%q“f@ét'%E‘fﬂﬂ?ﬁé‘efg“oi%ﬂé%'f b o b O it i Ruppting

rop&Wy flinstiGiiihg lcPedit,ithns casddingrd eSWigtebrlandhdisiuption tdfie
I ber ‘at one bent port| on while detecting the injected
sqervgm andhaelayivgrbe repail phiberqriginalfauliackcipguiie rAp gHeh. several

n% o3 Vaﬁtb%@}rgﬁé%@;ﬁ%ﬁi%nﬁ ﬁwﬁ@%}t hnterr?ptmng traffic on

treedffspradoaneatiomt (i . e. povver) of light into the coated
fiber to be | ater detected, fi ber st be be
wi t HSHCR RRRRASEEEMPERY réh%b%‘wt' o of GRlicgs Sypmunication

C|?éU fé%é'lgae?;g%' InFéE‘HHF Bta?\d' L"H(%?beltécﬂl% (L DY $netAYSS Tt

|ate e power to k ‘fromthe bent
hpm beem uséd irmpradtibe rfortfusm| snhcmlge Tmesmtehhidquss iryobee

o8B B bl PEIES Jor R RO FiB ayS ifaPdPERions T e
wﬁécti’rﬁ@tl@ﬁﬂ intS tiRfbérast che heret JoridIs Whis defectihgaRe m}éd:t@dﬂlght
gq;\ troubl es such as channel interruption wl

ksifror tihe Hlaer af t@ﬁalth%rd?ﬁﬁjrm%m ohhis apethpd fmwever has
S(va%é?ggag\?aiﬁagg gkl %rﬂ“g%t '}18'%ﬁ go %&o\%@r&%ﬁ@g% amount

(|Ieha¢bveent) lof tgiitdhia the\wlatedsﬁbem teddecldterietected ﬂtnerflti@y ntret be
jected |light may be transmtt

net hod, the e
gt e SR BES Phevah fl@surafif ey alara el epnogh) o
w@ecﬁ‘ﬁgﬁ? heRB2RRRRtraliPadd ffé?%é’bé&v@r Rf‘l Rtﬂ‘o?f'i"the bent
I gn e|ngtr nsmtte ere anee exi sts for
partioatdfdie &ber ’@pplaichttm Lf DTG’[H](b'dEISI todre applteejt i Oris cBiuses

L R L T
lffTﬂguFe Lan%‘Er%H isl dppHBl IdRRinB rtRAfIsHASsIOR oh ad Dpkbal agRal abubies
such as channel interruption will occur in optical signal communication, and in
an extreme case, cracking might occur in the coated fiber. In addition, if light
having a power greater than a threshold level is injected into a fiber by the LI
method, the injected light may be transmitted to an office or to subscribers
resulting in the addition of a noise component that may deteriorate an optical

signal being transmitted.
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identification that minimally intrudes with a
propagati ng optical signal therein. n one enbodi nent
wo@Roosloz04p8 esent i nvention, a nethod includes vVRCYURPOH020381
property of an optical fibe¥r as a function of tine
suc hTHief‘réfor@, & need\exists fig anmethaat anch appaiatpsifdralde on an
.optical signal propagating therejn, and subseguently
dBASUPA &' ORECALTIRETS eI NS em A AREAL HE9EIEhe
j ' . More specifically, in one enbodi ment of
p@ﬁéb%@*egs@r??&hventi on, a curvature of at least a
portion of an optical fiber is varied as a function of
time such that (W1 =PRY ' L of power is
generated in th : H mnal . The
Ui Mery@piddafit Reptioh pPoNEss mtm&smaﬁbénét@@s%r fier
downstream to unanbi guously identify the optical _
identifeation that minimehnindruges odtme propggating gntiesksignal therein.
i nvention irefringence of an dcal fi i ri
e e BROBentetane fesverh DveRlies d M oL e Veling
a PRIPTBI ofdrioticap ibepgshififctidredfainie BECH Bidtertime-varying
uncti‘on of time. A detector adapted for the detection
meflutatients ireraried ed apaiicaksignaiprepagatingatheseiacaed

s R F BRI Db SRR o Ry B ca
fiderbaVlorerspeeificalptin@nessrhbodimamt obthe respnemesahtion, a
i nventi on roperty,, such a? he, fre,%%enc

f .
cupEiUER 0T 3f sl 2 PORIRLARamEPHGH ARCGiS{AERE 39 EMgtion of tme

) oL (i . )
N T e e e U
opticas signat) UEne tignedednyrigdds$ of powenisi subsatuenthodetented

optical fiber transmtiing the optical signal. BRI EF

dpbseasn iR emoi PR e sPPeAGRery o the
Pr esgdn hifePBid 8mbeam&s dreRe blasant dRieptionbikfringence of
considering the follow ng detailed description in

ar opfical dibieofs variad as e fandivmreitine gueh tatils polaiizatier af an
FL G ' ' . i
optial sbirftRicnaBrfnd e ¥ g 8 AlRERA gt A detegier

adite@ fér the\asiedtion ofethie bienapatie®polarigatich (apj & tsteztdri gh
| evel bl ock diagram of an enbodinent of a fib

inclusing 2 POIRTIZSH SARCEHCBTY SRECH: bedipeVANAM Pelaizaiien tos

: i i | bl ock di f nmbodi t of
AR RS dByBaEhare Tl o ovet om n- acoor dance wi th the
pr esknyetiamotimeri eambodilm@nt 4f theppresentinkeion, eviglopbttpcsuch
di.agr am of an,enbodi 1t Qf tral i t.sujtahl .
o R ey SEO A S S i R e
a8aduh&for bfifhe] dRRtinhe-GakiIRN aR¥EHOREMT (&3g.,3he frequency of

the optical signal) is subsequently detected for identification of an optical fiber

transmitting the optical signal.

BRIEF DESCRIPTION OF THE DRAWINGS

The teaching of the present invention can be readily understood by

considering the following detailed description in conjunction with the
accompanying drawings, in which:
FIG. 1 depicts a high level block diagram of a telecommunications

office wherein an embodiment of the present invention may be applied;
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FIG 5 depicts a high | evel block diagram of an
alternate enbodi nent of a fiber identification device

wo@tooslzo4ps esent i nvention; and FIG 6 depicts BCTU§I004/020381

| evel bl ock diagram of a patsive optical network (PON)

| ncl y gﬁfgd?;ﬂc%@ﬂ BRI ﬂécl@dlfagf%ﬁ{}o'fgam Urhibd AP Bf a fiber

devi ce ent inventio | tate
|dentifmesk|barctbwrga, oﬁtuerpresmit imefrdioance nunmeral s have been

i 6 ¢S BeniRP PONTAuS el 48055 oA Beean BT exper

méhﬂh%fﬁh férﬁlﬁasemeah&@mtﬁ tﬁé pk&SeritiiRERlbni Nvention

herein aré being described with respect to optical
fi belFi&S. vt dépintsea higihelevelrhlocicdiageam offani erabodimentoliad

gt Lbhmibe Pb s Bt Iedioesi S8 fieaion iPles oL FIG 2 apryhe

fitksraubstftafion Sy SteR 8f FIGYE;ki ng envi ronments wherein
vari ous enbodi nents of the present invention may be

app! Fi&d Sadepistsou h@hriavelthéocthr diggeam & anjatiernalg qm#eodlment
d by th
o B Bepf B tapb ot et BT b o ot ¥ he

preseis. 6 @a@@tsb@ hughhlat/elgm@clc@uagm of efpdslsa/epmmmehhetwork
I nvention may be led tg a sin
(RN} lrwltgmnweremﬁf@@p@a%@tﬁb%qden? %‘&t@“(QﬁV'%‘?@@GM@%?”t
mK/Bnﬁ’ck’rPSt antially any working environment (local or

e) for the identification of the transm ssion
rredl Tonfadfitate dnderpianding idendical efelenbe ocikneataksgrave lofera

cL %T}Jp,%gﬁé 3&%@%@%&6@%? g;%derfer%ﬁg%nﬂ 9 arrg9 (r:gmr%fonttg%he

§kgconmuni cations office 100 of FIG 1 illustratively
conprl ses three racks of transm ssion equi pment 102,
103, and 04, each REERILENDESCREAHEN ed to |ine cards

tr areldtE ey bF bbb s AyBntEhbiet Sle
béuﬂg RREEINEd w|thTrb§péalt6 ﬂmlrﬂbéaé within @tdlecsmbhunigatioas
conprises a pl ity o trays 120, and a patch

offiancit ghovld e '&Qtﬁd éw taemp@ﬁ@lg‘med% aafiéag t%@?@femune@?,xpf
%‘?é@r%eéiggg h% g?éjsar e 6%@%‘# ta% e?(tg'ﬂ Q{j}éﬂ@gﬁﬁi first

esvicbhnoénts lvehdréX \ZIaZbus/erpH)mdlHientg/obmeqmesemtenmmm may be
St Ao IR S B e ARG T
blé ggﬁh&flat%@ R the8s skille® "FPEH@ arefHfothed bl 'tlﬁ’@feachmhgs of the

tification device 140 in accordance with
presestimventiore that die coneass of theapriesest inyentioromayfbe applied to

fl %p'r gﬁ%;’g{/—l 8Fc;io%rr]1e 2 V'é:p%c ﬁpbers (E)P %a%&ﬁ’uggg) in
substantlally any working environment (local or remote) for the identification of
the transmission medium.

FIG. 1 depicts a high level block diagram of a telecommunications
office wherein an embodiment of the present invention may be applied. The
telecommunications office 100 of FIG. 1 illustratively comprises three racks of
transmission equipment 102, 103, and 104, each rack having, connected to
line cards therein (not shown), the first end of a plurality of transmission fibers
1054-105;, 1104-110,, and 1154-115,, respectively. The telecommunications
office 100 further comprises a plurality of cable trays 120, and a patch panel
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illustratively |ocated on a bottomfiber of the
transm ssion rack 104 and a second portion of the

wo pdwsr204aent i ficati on device 140 is | ocat ed onPEI/DS10040R0381
fiber of the first side of ¥he LGX 25. n the

FAERETIGTbLES S OB 0R) 120080 ol it
plpmlitys obfraphels]smeﬂbms do5( mbd astlovis) arefcaninected to ports on a
ik SRR R 2% 355, ko PR s B 0 el 1 e e
cér%&‘?e abﬁ Ufs;élf Cfide B fheaz@xpiz% Ofh@n outside

['ant | east sone of the
tq@amaﬂnun;cabbné pffses! (Ehfdlrtﬁerragmpnses anemaeadimiest oba fibak
car ds

ldlelnéﬁ qs%vrllceea4 Meﬁorﬁjénm W%Bgr\?ghaggf@ipn%ention. In FIG. 1,

a W:@ﬁ&ﬁﬁﬁérv@f the fiter@eritSication Bevite Mab sFitke Pﬂésetrmlﬂ fhvieftion is
n o eratlon communi cati on bet ween he

lllustaéﬂmhs icated it paitpm fiber efithe tansanission sagke304 asd s

SRR Lol DB PR BB or i

fibstesttthé ifiestididanotigel lKEX 148, of t he present |nvent| on is
used to identify to which port of the LGX

par t It eéfaleucpmumlp@wﬁnﬁe‘ﬁe@ 1PReat leaplssname p&ther - elality of
fidde: 1({%0%3?”&'@@4’1@3 @h@‘boﬁs it ﬁ@hﬁ@ lcafts dcn\%:i ggoqﬁbof

exanpl e er '1dentifrcation
thef trafmemigsiesentk i102 empocte ansthedinstesid e df the IaGk(otZEo(rimr trafﬂc

ok e DT 58 SRS AR BSOSt
pr‘anPEbeF@@P))t ISR RRSKRTORRY éf tﬁ% ﬁl&}%nfy@frfﬁiélré?moend

is'the sane fiber as th ber connected to a
1D mayninperconngctthe variows pettelof tfe ltrteeca_r@x(ncz@hqwn) of the

BRSERIS b brt FEASREEHR e SoRAEAR g bBHE B BBt
sidelBFtNa LB SIJZSFDWbpéﬂa‘ﬁBn OfbramuPiiaitionlbedvedrthe transmission
propﬁ)t%atl ng in the og'é cal fiber and subsequent Iy
aeksé

Ag3tame Hdearst e bEX b srsertpishedevering ng
trgﬂgﬂﬁksgidrpfberg 1'O%eqii?fa¥|dt1hl% ?ﬁ?éedc?‘éﬁ{/en& lihﬁ'fappﬂlctalﬂSn of the fiber

Fesen |nvent oh vary
|dmdﬂd:attdmahe\ﬂml 140 ef ﬁtdopmeahmvdntmts unedatoedexeuﬁ/dm wanich

PoHEOHHT L 14580 e Lo srsiors Gpe o8 toeiaesmissipn frdks 102,
12%%?\&@043'@%%% Qlﬁ'dqw)wcé: Qérsﬁxqfﬁ?'e‘i‘(am;ﬂe VAHIGU§ the fibe flber

odinents o resent 1 nvention an optlca
identification déwice b0 wzﬁthﬁ prgsanbinypetiory isofortiestashtoi a:bottom

fibe a function, o d the det t
Qe drDeninaon fp 1eh08ie Bl Rogr Rt ¥ of the
LEXaN2S tdHeRAGRH i the fseH@mnkbbRid tblé)ﬁdsttdsrhqjort 6f the
correlated to the variation of the optical fiber

trapamigsian ractr1 Qg e samerfibes @svhe diber epnrgctepie adiottom
{)H%?rthé]ﬁytg%el\’@frthg 195function of time to inpart a

I'me-var 0SS Of power in an optical signal
In accordance with the aspects of the present invention, an optical fiber

is identified by imparting a time-varying modulation on an optical signal
propagating in the optical fiber and subsequently detecting the presence of
the imparted time-varying modulation to identify the optical fiber. Inthe
present invention, the imparted time-varying modulation and the subsequent

detection are performed such that the propagation of the optical signal in the
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propagating therein. The presence of the inparted
time-varying | oss of power is then subsequently

waledsor@ds t o i dentify the subject fiber. n al tPCTEE®04/020381
enbodi nents of the present 4 nvention, an opti cal

officl@iber & ndlaftehlipRd (@estimpsy in dreatertdetat hélbwi) nGor
nmodul ati on_on an optical signal outside of the fiber

examplei, bhvarioyssemmbegignants ak e pregentHprertiohan eptigal fiber is

|dt5e!ngﬁac?’ BgWaQ&ngg%g{)ﬁé d)fB fﬁ%yoﬁﬁtai g@% éseéjf ’u@g eogtﬂ‘ﬁe? 3ind
thein deétbetind thegresatcd dﬂléthbdmtarted v@haﬁorh lrean optical sigrean

expander), and the presence of the dul at i
p@p@@@au& mrpygh detiioer Gaptis, CPH@'%@%’F%%S‘@”@HO'F‘ .068?6 pptical

ﬁb&f@fog&.‘»{%t RSy Ek%ﬁnble"%@cu aftfididriabptRal ?5@ E@med as

n my r‘rparte on one or a plura
a dmudtioml ofstmdmtd snpmrt aitidee-vérying lose of power brean patltalisignal

b B BB i bl RS o v
|s°tHBhrsQ|bls€§h éé‘teété“ld%dthHeVéiJkﬂé’QIfﬂje?nal si gnal or

over - nodu tinme-varying nodul ati on) of an
opt i h’aaltarngteadzmbodlmrt’tﬁs anthe presant invantiap@nceptical blenal is

B B bR 5 B Rl ol G B8 outsice
oFtHROTH e WhidPeit Y tmamg hendartiad. Foeetanple, hitbes- valfymg be

used to identify a single fiber for transmttin
mestulation r9ay kelimparted o mppb@al sighahpt AR ifgrraegin aqﬂnt y
t I
o] P PRIBRLSRIDREE 4 e VBRI AL Shacblay,
eRp &I, arrdvthetpresenmyoftthemlmlwamn subdeguedtyiddnyifiad in the

trPRRHSOIGN BReTdBITaRIY e Wit SEHIoRES BisrdAni:
rrfefdméﬂowrﬁ rb%%fg,gnteawén@eﬁéIpmrémg%f[%geg s@grﬁm%@té.aé{of

optlca he tinme-varyi atTon may be
aufllvpaor ﬁbleromatbne wihichethel cnp’ta;lal signals acrptto bal transgwmﬁed Epr

e¥mbl B EaBraRer o et eRS b e SOmR RS RERH atfshtive
aaaurohgl s.gmrdr%@eamdmﬁatm (aepltwm@bamhgoho@ntat@ab of an
ignal s outside of a fiber or fiber path in which t

ogbcsal(;mnaé t@hgﬂrangrqbt@fpdq@ an gﬁ’g},cpﬁlfflb@ﬂD( fibers to be |dent|f|e|?j
ti

pot T SO Kehosal shale e oSl 1AE VB ©
eﬁﬁﬁfdﬂﬁéﬁ’@l Hereinathietscobibleaetmi“fijpe” ma;/nm used tesidentify a

Stoghy Bosr 9pAGHPITG8H OBCR DT or?@%bﬁga%ﬂ%ou i
pldFBIﬂ?to?ﬂmtéFc%HﬁE%%B fiberS s frﬂ@h? ﬁfcfaﬁglghﬁl across a

den the subject op t|c
netwarkt d'l’mat fee thes aspedtslsf theet p)reebyt |de!1an’mn may e lmplemented to

R 4 frh et PR o S 4 s an e
phfrEan %rlfétwo ANk a’*?ﬂlréltt*‘ deirtéleenBbaet rfib‘é rd R@ééﬂb I§tdaﬁi§}ﬂ1d1é

or power (proportional to its square
plusality iof optieslisignaisre hha timavalyincthmodpiasianireay be st,r@pag@dl on

one or a plurality of optical signals by varying a property of an optical fiber
propagating the optical signal. In addition a time-varying modulation may be
imparted on one or a plurality of optical signals outside of a fiber or fiber path
in which the optical signal is being transmitted (i.e., time-varying modulation

imparted at an intermediate point between interconnected fibers).
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herein. The mani pul ati on of the aforenentioned three
properties of light, which are used to inpose a

waledsoe@s e "signature” on the transmtted | i ghCT/ME20041020381
i s subsequently used to identify an optical fiber, are

di SCW@ Pb@lfl?élﬁ/ﬁbq{e@&%ﬁle' urqgué?‘é’rgnéh}rgq’é‘gﬂgl)%@é& BH%ptical

enbo resent T nventron are
s@aatsrplbpdgdartmgeihmugh awubjuct apticy fibbr ecoplial dber path and the

R SREL oSl BB B S AT By
ﬂl‘S\ﬂerl 6r Mgagﬁ@kﬁﬁbé{tﬁ% l@é’refrhi‘ﬂﬁ?tr%ély} 88pitNthide pr’—‘Hﬁertles of light,

I nforme e teachi ngs o resent 1nvention
namaly; potarizetiend(ing| m&adjrﬂntlsnlafah@dsccltbatm @lecva‘mid)l ng a

frtﬁhgg%é:@%h%;ﬁqﬁe ﬁeé%‘ﬁ”? ?3@? ) orﬁ)a/geer (proportional to

.tgeaué@ty 1981 w@vbee’r@ééa metﬂaumlémémahoﬁ bf frt mdeﬁmrrrrausalbsed
detection (e.g., heterodyne detection) may

hergin eﬁbam@nwlahorn of the alereephtionsd thee prqmms of light,

ik Ve 1 iPERk e derBe R Ridnefile SRunG BT suffied QY
weigroidisueseqaéntly dddaeto itieietift iahi dmtcebfbet}eare:elsoﬁsstdmn

present invention suitable for use in th
oteatekdetail ARIAY.| Bhacualt Vaoust eimbegiments,af fhejaiesent invention

aFéjSQh fde%@hb Fe\fr‘\ %g rﬂ%ﬂPPfatl @we% d;llcgp%rlb@bh fér

conpr ses a gw ustrative xI gl ass
irhpattihg @ @I@t)ac@b[e sngnéiweontmrnmtmgll dignakpropagating in an optical
illustrativel

fibet, iyl b2 ansie el o bsr s i B @riagt Huhe dgachings
Eﬁfré‘t ;ﬂ%séhﬂ invehticH theemoré s\ébﬁf ﬁ’ély %Eﬁllsﬁéé?cﬁb f8ffs ofintparting

er depicts an optical fiber i nter-positioned
adimeewaryindanadiubationran amepticaizigrel greprgatingin gnaenical fiber

| ight gui de t
(SbORERee Mot dridyBtd Sbemindl SPHERted lorticodegpotion
(év\:EGhel’eraa n@ﬂ@te@ﬂoﬁﬁwl bEeinipleiehttrl Witsinané conegptsiofthe
i ch co i nes the aspects of nodul ati gn and det ection

Pprssed nestio taidentify @ suawapt:@pthal fiker @1 fikar path
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lr&@b@@@ﬁﬂ@%d etrhtéeml@@ém am«ueaaq i theyplpeiglassdiohigidde
23048 iR SheBif oftheres ST MIRER, EoricORyonenge, the
eftiodimest of FIGN2rdegsets an embodiment of the present invention which
combines the aspects of modulation and detection processes in a single
device.

In the fiber identification device 140 of FIG. 2, the vibrating piston 240,
the clamping anvil 220 and the photodiode 230 are depicted as being in close

proximity for illustrative purposes and for ease of explanation. It will be
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of the lightguide 210, the clanping anvil 220 and the

detector 230. The transmtter head 240 may be | ocated
worood/otislzer within, for exanple, a tel ecommuni PEl/U82984/020381

office for inmparting a tinesvarying nodul ati on on an

a;gﬁ%&itagd 5y 2k RIIRBAS e ??iiﬂg@rr&%_@ HRhk t8AcHih§SbBtHal

ecommuni cations o i1é the recerver head
prégéntrimyerimn thahs edbrating pistisn, af clawpénganyil &nd amiotediode of

away faqr. detecting, the presence_.of the inparted
the s YR ORIBEY BEH 1P Of Bo 1 AMALGRT DRCTSaL to perform
the Y Rficalioi fidtBod oftRastieseRfinvahtidira@lictdted \byksinbftics of
piston 240 of FIG 2 is depicted as operating on a )
prodnctiqror Moomspécificallys atiipec identifieation de\vice isy agaagdance with

enbodi ments .of the, pr i,nvent j ) ' .
g RReH P Ao R S lsel P S B HeE FER (. ycomrised
ofthé Wisrafsy pisEdr 240 ORFRB.CY) aid"8 Fecaiver Huart 226)(iR. s¢amprised

may | npar_t a tinmevarying rrjodul ati on on an opti cal
ofghg lightawyde 2 10.4be siprapied sl @20and thetdeieelRt 3§0pa’ N€i on

: . vature
sl B340 99 HADSE b SuAEREAG Lpiiace) Bhaige s U
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whifd {HeE cbiVel RBad2bs! rﬁ%&’ bEGSCA¥d hﬁﬁdF&@;&f' MéRrobr RiLlﬁneters

present invention that”the nodul ating device may be
away faudshectingi tbe pregardesofdhe pmpaitdd timeavamydtgamodslation for

Vi pration_or biagin rvature of the fiber. Even
'd?{]&i Ipn qfﬁéhﬁ)é%ffhf'&t%r(%g device in other enmbodinents of
t he [prosmtn, iaRKEOGH e VBYathR) sislnt 21U oK IQ, 268 \epicted as
conmponent capabl e of inparti ng_ a time-varyin
|

oprsatingonenbet peitionef the suhiesidibeprio ghgeata @mugnpcgmeptsc@f
. Pt ! ' .
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Bt ol S S SR
Py B R ppfa AGEIALbsRl B ARdiig g atfe) Siethase (by
reviigingnaivatere) the igindingolops applied touan optieal diepoherthermoere,
SRR 2. Do BB SERa b PERER oSBT o
w}ﬂitm:{/ ié%br‘é%ia@é&b? thaOskifedPaRaRHrCRI el by 81 aehingBaf the

brates the fiber 250 and produces a tine-varying
pregentinveetioT thatéhd Mesiulatipg, deyvice Maldeany sesdgYisg capable

0SS. {1 . €. . cjat o n LEAL &1 gn

o 0§ oo S Bi  SB eI I bERle el B
fuipensheeaddulatidd Bevice in biher esitedirents efeheipkeseritiiovention

(illustratively the fiber 250) is bent by the cl arTPi ng
mahg subsiantially’any component capable of imparting a time-varying
modulation on an optical signal propagating in subject optical fibers as
described throughout this disclosure.

Furthermore, although in FIG. 2, the vibrating piston 240, the clamping

anvil 220 and the photodiode 230 are depicted as comprising separate
components, in alternate embodiments of the present invention, the vibrating

piston, the clamping anvil and the photodiode of the present invention may



10

15

20

25

30

The basic principle is that when the fiber 250 is

bent, sonme of the light (i.e., traffic on the fiber or
wa@bdosomars vel y, a test signal) is scattered oupCDUS2004020381

fi ber core and subsequently out of the fiber 250,

corhpidd a sigyls bsimpandniasnulliple sonidor@nty ot Hiebstamtidligrany
graphs on the lower left, the lower right, and on the

CQ%@“@?'%thSGOfFI G 2, the power carried by the fiber's
fundg | bJOER 1. 2 7 Ridiiadhificafioh dB\Re!1D the

conponent st 'conponent represents the renal ni ng
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agaficon v atiie i Bt Rbednt RSB ngail 20.

Tﬁ@bééﬁéwmlm@|sfthgﬂ%6ﬁ>th@hbéh@50 IS Wartasatine®fies fght (i.e.,
inparted by the vibrating piston 240. As illustrated

trafic encthe fiber pealt¢rgativelsas tew Stgﬂ@l)flﬁ iseatteres eutniineg filagr

t t
R TRRLRsh BaboBThE 1B PSR LIRTEs Qi LAy EAusyatos
by e srarertgdphy ohhike WV@éraéftnmenowéoﬂgl%andmm thieop right of
detector 230 is well sujted to det ecﬁ ower vari at ons
FI&. 3. ke powensatieshwiherfinsg sdHodaenig nﬁqsifg'ﬁ qSgeRiiaty

dlgﬁ%dflhtl% o dshboidsat W’ﬁ?sf@dérh? Q@erfe%enlté H'T%tr%?ﬁdhﬂiﬁby

as conprising a or guiding t
sig naltm ¢hefibéi 250 (graph oh loWer figh ranﬂEﬂhntlnuealprcmawtleg along

thecber PP decTP e e, aShieseniiine oK Bfhgsignal that
h&9be&R g@ét‘té‘%d dut b OB A5 Gra@b ol Wper FigRt)! 'A@ ast a

scattered froma bent fiber i's detected diréctly by a
pomiohwd ¢his deattenedrsignal s colleatechby dhel lexiglass Fghtaide 21 0

B4 BUERDJh IR el A0t DERMER 20 baBrflybiiioa
elechorics BEnsitiod th@éﬁrréé}odﬁ@lidg fesd l@érldySdTEtHe amé Vdﬂ?mg loss
di ther anplitude and static bjasing curvatur

inapastashbys thenvibredingt piston24Qe rAsiitgsirateddniFdGs ﬁa’ihe I|ght leaving
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oVeéransiuldtiondofsthg signal prepadetiegtio th@ﬁlﬁ)err@:‘éﬁsnpaﬁemby’_the
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vgrhﬁ IRl Ghe Boeﬁﬁodlflgtlﬁpﬁégﬁér?dﬂés PARBSIGEINCFIC, hlethe flber

tinme-varyin at th art ed f requency i/
ideatifcation sz[l)ce $4®. is ||Ib@tratlvelyd@plabed ahRgomptising # Qhﬁgﬁgie

40 ul

i it B ncatiatEd it agfe aBtRaE o Mighialg St RRAMERE of
tﬁé‘@re‘ééﬁﬁﬂ‘{/éﬁlﬂ)rplasﬁb@? idetifioafien a@mca@frtm@ﬁmht RABNHtN

the particular fiber now being tested e detector

dogonabesrapase @ ligbtaside aagdrmsuch, the light scattered from a bent
fiber is detected directly by an included detector instead.

In accordance with the present invention, the frequency of the dither
(i.e., the frequency of the vibration imparted by the vibrating piston 240) is well
established and the dither amplitude and static biasing curvature is chosen

such that the dither amplitude is small compared to the average power of the
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noi se wthin a detection bandw dth centered about the
frequency of the nodul ation (dithering) inparted by

wo b@sw@arat i ng pi ston 240. Wiile there woul d bRCEHUA®04/020381
spectral content at the cenfral frequency of the

G5BT bk I5aEsHFLRRyT Ml bbbl it
sighait iThgud stbetolr @3Dmeeds!te othiyt beertsitivedy detaict the priesence of the
t wTioT abiNeo SGRNGY JTEBEER BHi e AU RISt 240 The

d(—f’(%ﬁdrﬂ)ﬁ%. éo%s%?érﬁ‘iﬁe%&‘?ce%ﬁ@@ riﬁﬁe-gélaliﬁrﬁslf%ingQpﬁtr{ﬁBtirﬂbarted

requency | nmparte y the vibratin 240 rat her
frédueemciyttsy theatdtectopl8d isde cldanindieatioor that tHeevibetimgtpiston 240

. of the esent. invention is an AC neasurengnt, i ch

S a8 SrIBaT GANGHRHA DR RPN GRE EsgRcR: e Tber 25

idhfifdd. "TR&LS AP theAnBrdtiAgkoiston Diagswélie Adt e\Mﬁﬁg upRtraaRtsh the
to an equival ent DC neasurenent. Even further, in

particulau§bentod being tested, the dglestan230 woeldtardndetest ransiom

ti. t Jnf i . i ed th
ndi5¢ i el PRt daiete LTS RRO Sy qf the
mBHEREBA Edithsir)) Gpaft@ blyithé @lbraanfpistirn240. Wikt ideteowould
such as the detector 230 of FIG 2, rra%ebe restricted

be someanegtrabeedant althe central frequrnayeafdbe idsieaenes0 in the
SGHRTAASagERY, S5l RO ASRATAS I st !
digiitdeshatge fioee trenditherdtwignal.he detection of the

resent invention be quite sensitive, n short, t
P Gerin the e @i 8ot 158 Bessart FemyoBofisre ot pged for
atdlirde"EABHtIIE n?h%%‘ﬁ?ig stu‘Pfjtﬁ‘éhtalS fb‘é’ié’%@hé’ ¥&dence of the
I ITication

measurenent. A er | dent evice In
fuadeoretiéal Feequienby irhpaed by tihe vivating pistare34a tathérthan its
conpri s cantrol unit. Fqr exanple, the fiber. .
erarbATIA k- BN eedBaihs GRerfes SEmE reRg inddiiandaeniC
meaBhfePhetNivhichiPal DeaitttifRdlWith ARRhHIGINE gdiedis&rmination,
transmtter head 240 is renotely |located fromthe

anc taskvod biasedidlt when cpmeparedte 6N aawiivalomtsDE Inerriseagnt.o

the . .
ERgRhBies, MR RAAeREPR 8 BroetcThy e Bra e Fhast
p@{ﬁﬁﬁﬁ@iﬂﬂ)rﬁmt?ﬁmﬁrmédﬁ by tile béattdrededitiRibed isjglral isI the ditthre]ring
techniciapn, The technician subsequen ce the
eyt BrE325c0 BRI DA M eI ofsbidlecigr, Such
ol b _
S B 02, g R e R oy TG e
thafetectidrmei doaste2 nayt be ondbé vrderaf seagpnd$lesinceiiin enly

d i gnal (e.q. dj . Eth i
nSebsabnte i HesrasshseichiBe Anenag ferbeRen: Thisdfe o
dERBESRbER ﬁr%%bhﬂhvéhﬁlﬂﬁr‘nagicbeﬁ%?@séﬁﬁtiﬁé. NRVEHOYH, i

~nmodul ation of the optical in the optical fiber
idepiificationt processjisteaseopeliyaeoroplesientar, 11 & maasvgepest sense,

toZaA'rQ accﬂf‘r%tec%‘&vé? lme%gmen%gr‘ﬁ. may al so be

A fiber identification device in accordance with the present invention
may further comprise a control unit. For example, the fiber identification
device140 of FIG. 2 further comprises a control unit 275 to enhance the
operation when the transmitter head 240 is remotely located from the receiver
head 225. The control unit 275 is adapted to control the transmitter head 240
and/or the receiver head 225. For example, the transmitter head 240 may be
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configured to be capable of adjusting the anplitude
(or frequency) of the vibration of the vibrating

W@r@so42810 (or biasing curvature) to optin zePCHEs2004/020381

fiber identification devicdl1140 of the present

plég%r £8h 'a%bﬂaﬁn %?%Sﬂw i) araltéémﬂ@la&. orrhterteame@wmw

ation that w1l mning intrude with a
SLmsegaglaﬂly pigce iihé oeﬂel\mrgwakﬂ 22‘5 dowenstream opaibe fiker RBO g a

t es on d C edln d
pashian 6 R fbera Rt indre® 5P FRSS crigibhefiiEay”
AREREERE tRe PECHIVE heddT of thé ﬂbéﬁ Z8(E tiae e ahmidi&i® mdythen
operation and function of the transnitter head 240, a

reowielysiendra sighal (eegor dadieeniitharmeh signeddertbe cavak 275

<R Sl o

iﬁ%ﬂ‘ﬁb@@btl@rﬁl oftheaptical sighakinitieloptibal fiber Q&Omystaawgdhe
th one or both, the transmtter head(2t7) and
Rah Ot?eh an

on@@mm/@f theeybrating Ristan 24t heneriieo! uaf
co"ﬂé@% ékf{oeb g&@@%@%dﬁfsnh&?hé’éﬁﬁfﬁﬂ}dé @Y?ﬂ%ﬁh@ﬂcwaoffth@er

|ca €Vl Ce  may- co

vibratioaroftihe mblnaztmb plAB)nSZJﬁ}-:qm(ofrd)lasm@ numaaurebmyopﬂlratze the fiber
transmtter f fib

ApBTGERam SIS 40 PEES iR Y SHITORY Pessingion Forp ey (or
?dﬂ{) rcg) bPGibFtRInthat Wl ﬁﬁﬁrﬂﬁllﬂrﬁr@dwm B?ﬂo;ﬁ tIFPI'tﬁthCd

at a position downstream | ocated on t
sipoaldn s fiber 289.eAhaugikin thrstesceptiamdirestlyoprecediggat is
I ecd head on t.he f.i ber e at
afepriidhat famoG.siatals et 08 shhird) W odMigtg 3 control
sighanalinitib@e & towtkaldies! oﬁ@fﬁtbﬂ'aﬂﬂuﬁcﬁ@i@bf 81 frandnitter head
one of the transmitter heads on at a tinme while

240, & confral pwitie @sceigiange adthdhetiesentdayentionemay eiher b
AR ohOS BER IR FoRbulfer ht R do Tl AR ror

cérhmupidatioal orfm@ﬁaItmumlwbednwohhnuhleatlmmmmdrteemr mﬁh,dthe

that_is on. i S manner, | ural f fib
traRSMtieh heAE) ain 188 EpSeivsS ‘headien h’lacrl 8&*?%?%? ati \r/TgI}/y

or e ﬁttﬂﬁ‘é‘m%}g i arl Bfembty éfhbb&ln%nttdfﬁﬁémééé?ﬁ ifV@adsn, a
may rne

etu on at once, each of the transmtter
fitb&radenﬁfmltlng davrd:lefrhay eompfisequenrdpanioneittansmitier head. As

d. wi t d h,
SG gttty Pl urdRs Rt nebdiod fES 4% plE8Ry Picers
mf f&%ﬂ%lésa tletstmunicatioRs effideCatd fHdpeeatbo@abahe feld.
h the transmtter head vibrati nlggat a sgem fic

Tkmmhmm@qmamtylenAeﬂHba@her%aiteh@oa B dopinsyRagblegated on

e SRR TRt B OBl el BB RO g o
theafibarg oﬂereﬂ@ﬂirﬁéy Therttacmhlbled rhaweemi atremdie sidns) (e.9., a
recei ver head I) al so he rem)tel¥ contr

ragio giongl)4o eenpelbdeg gﬁatrol(wbada@eﬁ AQi lefnsqrb‘m tLﬂett@némlﬁer
AL 1S RS Y Bndfl PR Rk AE Bl et b me
to detect the presence of the time-varying modulation imparted on a
respective optical signal to identify the optical fiber associated with the
transmitter head that is on. In this manner, a plurality of fibers may be
identified remotely by a technician. Alternatively, more than one of the
plurality of transmitter heads may be turned on at once, each of the

transmitter heads having a different frequency of vibration associated with it,
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adj ust abl e bendi ng devi ces) of the present invention.
Even further, in yet another enbodi nent of the present

WO pws2i4e8, a group of fiber identification deRCT/ES2004020381
accordance with the presentl2i nventi on may conprise a

ahd %{SPFH ekl rbbERL: ﬁ’é‘ad;gfé eugg@’éo fd%ntlﬁ the BeEsence of the

identification system resent 1nvention nmay
vanouys krmvmfreeuemmes m]dentl‘b{rmmpmcml fihetealssatibted Methtthan
one rec G 3 de

trpRylSE PEER Vi airaal sErarekgaitsauedey s AbhioR i

dé@&fb‘hbﬁ'a‘b@%%n@b@bﬁfﬁo@ﬂeh& FaRefigaprenMiddtidn®evice of the
present 1 nvention. The fiber identification system 300

preisent GveBtlfm)arfr depisted andidesdribpdars hadng airemetelli eaatolied

oI fyegrh e S Heali€ gk g RfGHefCtntdeg bv
sémﬁﬁ%\é%mg@rgn%ﬁtfé .g., @ Rhiy sighaly tehn gmilided comtbsiles f&50
I -350N (col lectively optical fibers 350) and a

operiatively|centrolling the regeiverdgadie) (s .gieths detealor(sh and @ye

Jgt fe boRing defRel fthter}?reg & heads 340 of
agiigtable Being eviEs)d AMRyid

er i dentli I on sys I ncl udes at | east

one EvdmlIfmthergm@&mtlaoethertmhmem/obﬂmtpregem mtzmtlo(mat
shown) as in the fiber i tlflcatl

OERAR %fé"bfﬁ@ﬂedﬁ'?w N geviggs i gFcor €0 {g PrassEL nysstion
n%f)( %Jh@ﬁéebg Fi éﬂﬁ@hﬁ@ﬁ@g; é?/%te%ésﬁﬁﬁ’t %09 ffE)fer Fde@nﬁ'éauon

es at east a i ng device . 0.,
systeim of(the presentriyentind raayleomptise niorettham owa)transmltter head

AR AR b ey Seriashol of SRtplea Iayo dSBRis BtV
bloRk |distfam bf AheBbERnerithts Aliberadéntification Ep&stem 0@
heads 340 and the plurality of receiver heads 325 in

agerdanerwithdea preseniinvemtions tléw oo idgntificaionssygigmpz00 of

B BB R e £ S0 e

trapseitfar tally 348), teepltnmmy af rmwercbmaet32514325n$mltetcar/ely
head 340 on a position on each of the

rasAver oo 2By atralither Aayosl dbpt: a1 GcSady (phsdivaly optical
ﬁﬁé(r%'ﬁltoz anﬁ 34 EORFAIEYREC ad |?ﬂﬁg ‘?ﬁ)%h ffenti ﬁﬁldﬂ%ﬁé&“@@ of
may tnen

ead out to the fie nician m
FiGed, esmhrafdhe a“anemtermeddseﬁﬂmaﬁde\met rdmhﬁmtma@stem 300

1 I lity of fib 350 thoyght t

naRetigast ohetaodiBing cBdice 354145 o \Mhrateg Bistdt ikt ne

sF?(B\fvh)': eSbilaRlyPas i tl'fénfltié?QGélﬁﬁlcaﬂ&ﬁj H@O'i%e qf40'fﬁ‘TFﬂGS 20Bach of
| ometers away. n such enbodi nents,

thedmeiveur beatle32mmef Hrifiper ldﬁ@tlfmeé@e mstem éﬂ@ |0<6 E |G ingudes

S B SPaBEN e I il o 98P By r (o

sROWAR! Altérdatitésly cibatreesivenhéadsy 525\/0f te ﬂltiermmf@étlém system
control the transmtter heads 340 for turning the

309 9f &I od My eah turthes indlyds afighigsidsso on and of f. The
t echiph iy @fﬁ%&nﬁﬁ%@a&s%i@gh& e PlutdiRy SPFecRS

of the uralfity o
heads 325 in the fiber identification system 300 of FIG. 3 may be placed on

respective fibers by a technician in an attempt to identify specific optical

fibers. More specifically, a technician may connect a transmitter head 340 on
a position on each of the plurality of optical fibers 350 that may be located in,
for example, a telecommunications office. The technician may then head out

to the field. The technician may then connect a receiver head 325
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recei ver heads 325 to identify the presence of the

ti me-varying nodul ation inparted by the specific ones
wo@Rooslz04r8 ansnitter heads 340 to identify specP€T/TS2004/020381

fibers. Alternatively and fldr autonmati c operation, the

G\QHEtrré’é WA dach/or tAE é)tll]m%hﬁ/r (ﬁ%‘ﬁ)‘éﬁfﬁ Bﬁ‘g YU tOBY the same

to automati contr e operation o
fllpuérsrc&hm the sdamerfibes pathseas th\eafdxarsnrotmmﬁlcm at plpositiontlgcated

h b [
hmfeﬁgZuééi%egﬁeqr&npaaﬁﬁs?@ﬁ%mé heSgrembediieds. PedBer "
iR tifid R ¥ o &12RE E@ééémwe%eﬁ%éyfse@&@éuﬁe thﬁually or

transmtter and the receiver heads 325 t
autdmmtnchyyt Rer pxmplece tethninianrmay send egepwie isignal (e g. a

dul at | ' d
i paaD g% Fomealin Sy PRR S CadPiel Rl e yonsrpier
h@édé !a@o Mrbtummg ¥he¥ibRRIoNCaT thé itRaEmMitta e aRIRrB4mbn BA loff.
75 of the present invention keeps track of which

The dechriiciae Maycihes dwosate mgidioadifiegentrnas ofithatplurality of

ress B Faklai e ido o o fisshBt b Lirmp SR o AP

inbrertecs bp iy spdcifihenésofinedrarispaitter B&add 840 beidentifyr specific
unit 275. The control unit 275, know ng which detected

fike§nal was recei ved from which receiver head 325, is

gbl eAﬁé’rHe{ﬁWQIS/'a{1 4 fol Sufdris dﬁﬂ dﬂéé’ra%nq b'd"o‘ﬁ'trof LREDS5 BPthe

y examning the receive tputs o he recei ver
phesads iny26tiem chaydes bdéteddo tdmdnmat;cpaélgtoonéroi theeopermtiomgf the

pliralfu gk PR heacs clpet G8TRRIbAST BRakEEhade? 325
sﬁﬂ)étﬁﬁf‘aﬂw avrﬁ) cyomblhguéh *éﬁbl fréa%hb{/ kS RISNBTY hedupect OptieAl

may "be configured to conprise a S|ngle det ect or
fnb@rs bseltmravveig coholipatespentve ONes of hetranpmities heeds 336

<88 Bl e 2 e LB BB S ekl adbive
tlﬁiéC%Whgtmb@ulaﬁo@Dﬁp@ﬁed @ntr@srﬁaﬁﬁe\{ﬁop&jaw@tcbpm)al signals
scattered portions of the optical nals of

apd @sesichyisleppiyi @agh of tberpéura c&topac@ Rerand h@&O@Hﬁhumt
2‘7‘oq of Et?e‘srﬁr%%%hf’ ﬁ/gﬁﬁ §é*pé Gé@gen high r;[{éﬁs?ﬁttgfjﬂéé&é 340 are
opemmegtandeatommqudenbmss Eaabmftthe plurbbﬁyrmftreoewer heads 325

bR gs e g s RO SrERabShis (RS Bpbig BFle oBotver
hegaé BOk 141 fHid c&itr&%.tpzmerrhelda\ﬁﬁet umﬂzw@ykrhﬁmﬁg e

0 gener ate a control si gnal to cause a Slg source
d(steobed signgl \gaareqm\eathffbmwh):htrecaw Iye%ﬂ a25tip mble tpddentify

R BBV B! At BBl 815V SRR R rdceufBetatonts ofghe

rédew&rﬁéaki‘é%%fbmld@mlfyﬂ@ thel ﬁ@ebeﬂrveftirhél\@rylﬁg Ipgodulation
identified. That is, a control unit of the present

impatéed pBAhersshsstivelaptierl signale REaRagating in the respective
optical fibers 350.

Alternatively, the fiber identification system 300 of FIG. 3 may be
configured to comprise a single detector for receiving the scattered portions of
the respective optical signals from the respective optical fibers. In such an
embodiment, the single detector is configured such that it is operative to
receive respective scattered portions of the optical signals of the respective

optical fibers one at a time and to send the respective detected information to
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WO e@®ni4rg er s on respective opti cal

nodul ator of one or nore transmtters of a systemto
cause a tine-varying nodul ation to be inparted by the
si gnal s t oP@EUS2004/020381
transmtted on respective dptical fibers for

th%% VEA. Tﬂ%%hﬁeré‘ﬁl‘tﬁ% heh erftify tt@ﬂeséé@l‘?\fesobtfbal fibers

accor ance W th rese t I nvention depi ct
frcamhhgmfbwatlomrenelwaﬁ faqnsthea:inglmdetm ment of a
cont rol suitable for, use ip t fiber .. .
Coon BrerbBirn? hobfiobs ERbasRTients otfie pietant invantipn. 2
cdrﬂﬁﬂhhft'd?%é efbs%hﬂr%hﬁ&&) niy e Gdapgted tHQeherdte @ caHidl
of FIG conprises a processor 410 as well as a
SIgealdoycamze a‘sjgnalta@rurcrfg(lmfa)smal wansmidtectetapsly a distinctive

Ry Sl F o REREC Bt oy JPSAY R Mok Opygp) of an

ot kigRial to-h® erinsinftid ihsan GEtdae fib@Ner fibers to bbeddnitifiedas
well as circuits that assist in executing the software

Thafuisi & eanieloniigofi the tieserd imvantispanaybe agepted fo gantrol a
m&@ﬂfa?méfa&need ¢ Ddke t?rgﬂé%ﬂtferé B?a %&Q@?ﬁ‘fo 3% e | lér%c\l/'aﬁ?ﬁ'@

rern as SO tware proces

mbduiitenao bfedmpaxt@dp:lyetheaear@rmttenstcsryrdslpebtlwopmeasegsnals to
wth the processor, 410 tof%eerf r )éarl ous
t

ens. .. The
b% bRPpENttashpR respectve optied| BeYRMNB e@ﬁweﬁw P the
| fibef? in JERYrddcESI el FHRYEROHGMorE] rcui try) that

orns an I nterface between the various functional
el enEld.s4 depmism b@thrlagelvblotk diagraroraf apl emh@dm@m of gor
errbod of FIL.G .2, the co it
B i siPole e S35 T e e Meriticoiidn <hlEq SR A1Tg! 2 dnd
the! fiRRliddiftiidafiow syfRehS00 BERIG.S. hﬁ@@oﬁ#& MAIB2FS BPRIG. 4
path Al though the control unit 275 of FIG 4 is
coiprisesd paecessgedd ais well ppeanemapud <P fansieringinformation

a4 B OaTRGoliof " ThE W BkhP 4T 83bb Bles HAE LRlEnidhal
s@@brbammw ageRueH asipdvadrduppties, fadsclesirouts ccaciee memory
cation specified integrated circui

AR T s Bieb FBiIcits gt oISt It HERGithe SPEWER Endiags
stroPe(fﬁ‘w %gﬂghwhﬁé pm%ts%%gfg @sbmg leM% ote of the

or ned by softwar e, I nation
pldmeseefepsodhsdnmsgh Hemeintas mftymrermncsssa‘s mab@e |mplemented

Wit B AN dBbPAETRE: g ety hrCasreT Ry anfiT s Brocessor
4‘?'@'% Féﬁ‘grrﬁ%ﬁéué Btclhs: Tﬂe@orﬁrdl‘ﬂlﬂlt Bi76 also cbﬁl@ms input-output

ating device is depicted as conp HSlgg
cmmmﬂﬁa@ @i maybermo4opuireytpolieiratnerthabipnusrasyinterface

b?trggpar ttgm% v%ﬁlogg?w}cg O%Srglﬁg?qu gégﬁ@y‘lg tﬂfg \g% ffge Xﬁﬁt}’dl it

2ppt F@ﬁbxémlp(ﬁ in HESmMdsdiat@f HIGCLR] ihe dorras doit evs
notors and vi brators, nmay be |£I enented in a fi
comENTgatesitbing drnemiteRhaad 24eNa AIERNAL Palls bﬁnd to the

retbile Melal 225 via signal path O

Although the control unit 275 of FIG. 4 is depicted as a general
purpose computer that is programmed to perform various control functions in
accordance with the present invention, the invention can be implemented in
hardware, for example, as an application specified integrated circuit (ASIC).
As such, the process steps described herein are intended to be broadly
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accordance with the present invention. Mre
specifically, the bend loss inparted in a fiber may be
W(ahmusmmesi zed according to equation one (1), MIT/UK2004/020381
fol |l ows: = Cexp(-CR , 181) where is the inparted
in é?g?et@(? %S%Iﬁ% e&tﬁlgél@nﬂﬁ‘ﬁgr@ﬁ’ﬁe@% CORWFERIdRSre, or a
portional to the t scatte edlntothe
ccﬂ"ebmatlom)heraofs the fi ber s radi us of curvature, and

d ts whj.ch t f t.i f
but AR AR st FRaR Gl et fPuoriE S and a fber
m\@ﬁﬁﬁda%atdysfém ir g&soraéﬁ@ﬁfﬁhltne présent fvidnBieh depltted above
exponenti al dependence on R shoul d be not ed. re

(espebi®i 2antyFIGt 3ptieunaduleting deicetiadeaisterl ge cpapsising a

T N N 1

mblURItiOK ReRE Mirmelvatens ke eA antosticabSighdr prdbayatiig bington
or biasing) at the |location of the vibrating piston

optigal Flaer, ﬁﬁﬁfﬂ g8 piezelecirigdtanseuicersa mptoroangd V@ﬁ%tﬁgsegnay be
m\?&q‘?@o ﬁ%fﬁ@flﬁ@llﬁeﬁtﬁf&%ﬁ)h ‘r(\;%wcre\éﬁfdaé‘hb(gpﬁehfhéﬁ%nl éi/%{sem in

e nec variations
a¢dwdémmlwmadhemresfent meehtitver Mdse cpasifically, tieebend Ioss
endence of and C on fiber types. and wavel engt _
RRRABIE Gt DAY P8 CHRIRCIPRERH SSREAEND AU 061 b auhich
fo?f) the present invention may inplenent a variable
er bendi ng device (e.g. a variable anvil, or nore
than one anvil) to apply the bends at both the
| ocation of the vibratin [ $on and the location of
the anvil and det Q‘CTS??XF%ﬁgr% ore, to exploit the (1)
advant ages of the present invention while nnimzing

'
whpfe A7 bR RS e L RECI b Bind O B ROnEREreAFEY
r@lp@ﬁﬁmal tmﬂmtgmec@t@éfeduﬁt@ themRtesH )l ROS dvé fibers @dius of
adj ust abl e bending radius to o tical fibers and thus

CUTHPILER AICEC LRI PN aTd GRNSLaNts Yhiga AT BORFFINC BNFHRRS OF but
ar‘(egl@lhggﬁ‘gsf oiftﬁgqu?geeggﬂtan‘afth@ dR&En ﬁtﬂ;%?ﬁl Iflﬂ &%@bgé‘tm&‘m the

i nvention na i se
fllﬁérbérrhdamrpdjnegltldledeaemiehee on, Rahoulds)e netedh Moesssxiifivglly it

Stiulkt ba ot 2o R o e atatest i gofRaRy very small

vales & oeﬂyqéfgé @al@@g q&@@raq;raa@t M béﬁé@quéhcé@'tl"n@r
radi us anvi |~ woul i npl eirented. The smal |l er radius

emnantnabd@mﬁndqmeea @me@ Gursatuem (static of biesingdat theolacation
SUrf. ccur Y o)
of BBaRS WG gl 54400 SRE TadrRa bBalifo tengse
applidd ek toreigrafidaait ivaliatonsgintthe ysNivRh it tBe hatkssity of
fibers, for_ exanple, where | oss is not an issue.

making large variations in the bend radius of the fiber. Because of the
dependence of c¢1 and ¢, on fiber types and wavelengths, the implication is
that fiber identification devices of the present invention may implement a
variable fiber bending device (e.g. a variable anvil, or more than one anvil) to
apply the bends at both the location of the vibrating piston and the location of
the anvil and detector.

Therefore, to exploit the advantages of the present invention while
minimizing the system impact (recalling that the loss may vary strongly with

wavelength), various embodiments of the present invention comprise a means



10

15

20

25

30

On the other hand, for applications in which loss is
an issue, such as fibers carrying high speed traffic

Wo bas/oppes at e near the margin of their power bedEsz4/020381
it is inperative to mnim e | oss. n such

fof??d\h&iﬁg 'a?nrﬁj uétQEle‘E&Mlﬁé ks f@&Wﬁbefs%n@W' e

omt atln piston, is well-known and thus can -
adjestabls tbe;nctireg lnstses fowarleél anmmﬁﬂ@m t beeingtancaoan

oo e Thekertegiot fevaar he BRSehrt I e BES; 1e
ccﬁmaﬁée bansligRbetEnehg\asNided e § 26aeis) Sach gessdssirapp! v

| ess loss to a propagating optical signal _In the
diffetent rading of nuryatnrm pasZwa wlr@ntaméwa%ﬂqDCdaﬁ%W@ment

of Th t

i pe Rl B REF BiouRh 0SSRt IF0 bredt AR 1se ) A hhaltr
rafdldbeén\hmdulﬂgaeilﬂw@m&nwd byhé smiatiereridiutgaad| wetidbimpose
fi ber bending devices that increase or decrease the

mozeijags ast theibpst Ruteveld dngiire agevracy byfveiting yRoteRavisT t
. s
tng] e BRoRIEHEh BEALINYAE U0 B6r ARG R I Rthell 1O

ing radi'i for op ers, suc

clsdradienigingl, anp shvdreorging daiktfmrs foeemmplec whlermmssasl dot an
such other nmeans may be inplenented in a fiber

isSH@nt i fication device in accordance with the present

| nVephitRB ot Jfbbrq'%dt F hppRBS ARSIt WISIcRIBYSNE 27f isHed SuchS
experi ence y an optlcal signal depends on the

filbers aaenyitchhigh saaed aficathag bgeatdte oear the mavgin of gheispewer

oo Kyt B PR A

nﬁ%‘ulﬂoﬁﬂéﬁde@&?)’fe‘r Eﬁén‘nfpl‘é?frélhﬂhba/fbmﬂrv{@ b, Hs well-Kreveh
radi us for sca

terin t out of an optical fiber _in
and tsoeattee gpsily @Q@C%Cleé(‘gﬂ? itsrivaanifugie maynogecessarily
n%%%?cf §é 3%?51 éﬁélﬁpap%'ug' ﬁa‘ihlséfr rf?ﬁ\gfjlo"s??!hgfrﬁdlus of

e |l oss’on a s wavel en
cﬂﬂvgtﬂretbameeﬂber&&amﬂmg Ueelsemwldrbehaﬂgengeordmtelappbﬂlbss

1958 te GrRBRAGEing PR %gﬁt@é%ﬁrﬁ%@ﬁ A S PG B fhe-
vélhé‘nt S;I%J% B?Io@@t ) é‘@&é‘dt%‘?%é"ﬁres@ﬂfjlrﬁénﬁ&? haytter e

can I cant ferences in bend | osses t hat
mrplyerrreetbe;d by pmw@nga $ei|mﬁ umteraismggablﬁ ftt}% biepdiner devices or by

vel engt hs,. t
e gpieleP 6 o8 BRha S Rar 0Py Beficiihatye
radiu$ BEBUrRalRY of B fibdr if A8s abBle FARyIEYGiatdicadjub®hentForarious

exanple it may be advantageous to configure a subject

othepaneans feapeoviding siusialie ngnding iegi ferooRlifat ibars, such as
c
<45 A RS BEERRBt b L RRPRRT S NSO, By be
irhpledmeeir 4 fibet kentiichtioatdemice iRLaddoedarmeewitinthenptelsent
regard to the acoustic frequency
invention.

In addition, because the amount of bend loss experienced by an optical
signal depends on the wavelength of an optical signal or the wavelengths of
an optical signal (i.e., WDM signals are comprised of various wavelengths),
with the longer wavelengths being more lossy than the shorter wavelengths, a
bend radius for scattering light out of an optical fiber in accordance with the
present invention must be carefully chosen. More specifically, a bend radius

that causes a negligible loss on a short wavelength might cause a severe loss



10

15

20

25

30

of operation, the conventional frequency choices

(e.g., 270, 1000, 2000 Hz) to commercial live fiber
WO p@soAa4e8 s are resistant to light | eaks from BET/USM04/020381

lights, etc., at 60 Hz and1120Hz. However, since the

oﬁ B3&haYh ang%rWaRx'éféricg‘ﬂg f:bpﬁ'%tén%ep frP&%éﬁthb%rsé WI?MG(CWDM)

quare of I1ts ve OWer consunption o
s&ﬂamsng isleminomn fou d:heraﬂo 1bleea M&honsemrlatlons batweeen the top

a',%@g%: 6‘3 iy g\ﬁ'er}épt he Sﬁ@j@g@%r{)ﬁé g{ue iichint differences
mﬁh@%é‘h@l%séé% PRt M e QMR cétE@ﬂogﬂl@ |64t e longer

recogni zing the préval ence of the 60 Hz noi se sources.
wavelgppthwl. prior art fiber identification devices, AC

d d fy fib .
roaursBcTabngBYR R ahy MESaa e i BP0I R torrooud
p@cf@r@@ty l5e BppIBLERCS R a ?tﬁéteit Hops AoENAREgeRheé 8Bk For
fibers" carrying no traffic on live fiber. Such deep

exayapledt may, bmavkwéagew o1 gofiges asublast Gbgria have a
8RR R fan FO AT ) ELiodPadne RIS B

ure tone
invedtidn Mplrednmyemch itige fibsiswoulddss legstsiecéstitte to damage

pattern” (as famljar to those skilled nthe
frPWatheé”a% lamnfuaharrw& QﬁchﬁBIr%é%er)ﬁo dhg gsovsiic ‘{5%@3/“03’
opt%ér%ﬁ&nftﬂb c%%@@nm lfr%bh@ﬂﬁyafﬂ'?&ées u% g}"f%glod BGO 2000 Hz) to

preferable to have only a s n
commearcial Inesfilberingdisptons ang resistaekte I@mieascfa)m @sffme lights,

o B 28 P20 TP weksrt Stedie BRrw En VRGHIG foer i
pFRYORSR ¢ tHOsdark e its RBIgeRrY, thbSpowdt é‘dhshﬁﬁjﬁ%nﬁ)f the

subj ect fiber after experiencing the inparted
bendingdenigehereh Badhe pistomavill saale sbsiandially wathdhe sayare of

R SR B0l BB LE kg
b8 .e¥EndoWeOthdh 2¥0 HhevHieirgtogiziagnhé puslaalemcesofcthe®0 Hz

exanple, the fiber identification device of thepresent
NOKP SR @HP- woul d perceive a 5% insertion loss and a 10%

ti neg%%qa Bliof &% 3f’lbe?""Ei'eghﬁcef’l% nf(?év.i%;sr, Z?gﬂ%é ysed fo |der}t|fy

per forrmance IS concerne I'S Consi 0SS,
filbgnsrare iessepliallyOmadddiBied-aiG 0B digpitic {ie. aam ogh)ff mmdulatlon at

AR TR QB B e ReTes eDereTh kRt Pawing g traffc

oﬁ'nbsrﬁbtaﬁieshbfﬁ U%éb'n%ﬁlﬂé*f{dr? PoNePsUrbIR i w@aﬁ@m sRMAal
subst anti al y t he sane corrponents as the f

tragemissiare aTlnainsdéem@ét tosbingmpressing the s@namfe é@m wilbn

rinRsC TR o Bap SR G OPYaR A O iR eyd Bottem” (as

farhiligstor tabby ekiled OiEd SeFbyildt sameamoantasdnduld completely
| i ght gui de g|llustrat|vely | exi gl ass I|gﬂth|des 51

clogg tisg eye pattermfasidegrdnodilaton THUS, i woulhle RrefarEbito
hQ% Sg{fé ﬁ%ﬁ? r@zg@lflggé% HEOHI (ST 19&) dorARifeRbifgStoI388 thads B

Ioss for example) on the signal light. As such, in various embodiments of the
present invention, the light corresponding fo the logical "1s" which leave a
subject fiber after experiencing the imparted vibrating bend loss, do not vary
between 0 and 1 as they do for 100% modulation, but preferably vary
between levels which are close to 1, such as between 0.85 and 0.95 of the

original amplitude. In such an example, the fiber identification device of the
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(illustratively a vibrating piston) 540. n the fiber
identification device 500 of FIG 5, the first

wO c@hogargle 5 i, the vibrating piston 540 and P¢EUS2004020381
detector 530 conprise a trdBsmtter head 502, and the

p?&‘é‘?\?&\)&hﬂ@ﬁ %Lﬂjcggélgcgve 4 B8, HsRARIMBs8 8Kk !a aﬁ?‘% g the

secon et ector O conprise a receiver he FI G
dépémnle:rrtdmss Mhish, rastfesaamysi}em paiforfmdrese lssmnc@rnadl & to

the fib tificat ice_140 of FIG 2, in th
chiFapeRRAb i B Rk el B G 5 the T
vi br FIGNg dBbRIO8 MRADICUS! BBER aRigRa of i s auaibbiient

it vibrates the fiber 550 and produces a_tinme-varyin
ot affiber igestificationedevieseof msmreaamt invention. t Theefiberridenification

defER AR 0k B R uBeld Tl LR R s W Bvsgs the

fipesidentifdliobalesfse S40Bf FIGIT with thé atitigibn @it sy‘cohhelghtgulde
iber. nthe fiber identification device 500 of FI

aed a sreondrdateeipex The Sber idegtificationedeyice 800 e FIG

A . i f :

S35y S0P Bhs & et e & B BLRELEE GRyalvoBlexigiess

Ilgmtgtltdawég(){ogﬂgd 5t 0% td‘k?ﬁhpmg ?dﬂt 520, fn‘étSG?di a s'EiDﬁnﬂideiéctor
et ect ar etects the scattere r

e S M A TNNE AL

(|Pll,|§rt§%t|v% é/t%é g@ré‘lﬁ%blb@ﬂ) g4oden % fAner ﬂ@h?ﬁé&ﬁi@n RIevidees00 of

be used to veri presence
Fad5 dhedicst I@htgmde |5gﬂt the vtmatlmg)plstmrl 546) boed tlﬁﬁrsttdlemctor

i br.at 5 I
SellapoTRES? P tEr RS ED 2t BeroReRa o ' e
c%"r‘nmﬁ@%\hW@ZD'a'ﬁG thaBtHsd H@%&tsm})oon%ﬁgeoé réddiver head

provi de a reference signal to co%are to the

594n§16a5>fuwgernﬁwrae$ 8n optialfifesmB0y det ected by the

o SafeBh8 2P Ropu LA BB N LB S 4 Bl
|demtmd@min tﬂs'vub@ﬂomaf FI(BO@(ethel\Bbr’aﬁn@ @ngi@raﬁtleredwemh‘anmfally
the fiber due to the vibration wh may be used

driverisush thaid ibisites thedfibes »S0RNG P@&’Héﬁ%? tore-vREiINg
*ﬁh}%rtlﬂre' dg'?hé’ffl Lhesy | HAhus S tﬂh?t\%ﬂylﬁgr ose) tBWe'r %ﬁﬁtl&?% the

I ber “identi |cat| on device o inventio
fibech5@ Hae ta* tpnmm@msshgprﬂommpar@daby ihe vibratingpiston 540

ffected. F h d . , d .
cRisres et sner Breal Bitings v e fteniBenEisigh Savie
SbDQﬁFIGOB N@etfrst ;Sl@x%ta)ss'l@hflﬁme B’IOI Jikﬂle‘“ck@éﬂbagt @Ebﬁ'tion of

As’ previ ousl escri bed, ber is bent

thﬁahw"ltcﬁcattﬁ@d qitgehto ihe \el@ratl@eroéawe)gptw flbare5$® ped guides the

shifara toPEid bRTue sdhPodefe’ e @Gl Bab Cie @R e

seattared lidat RetheTiP&d OFIeﬁglasblhgatg"Lﬁd@emn 'Flhéal?ﬁt feard tas first
revi ously descri be i ber 550

y the |i | eavi ng t he

lassahtouide @&«ﬁ@aaﬁte@tsd Bysng fgHidedeRio] BP0 nBRYRP Used
c?ggrl@QBé :ﬂ?%% i l?ééftlgﬂ d?fhghpﬁ R YpRkalPiR3Sat 1A the
vibrating piston 540 is operating correctly (i.e., that the light in the optical fiber
does in fact have an imparted time-varying modulation), and/or to provide a
reference signal to compare to the time-varying modulation subsequently
detected by the second detector 5?02. Alternatively, the scattered light
detected by the first detector 5304 may be used to identify how much power is
being scattered out of the fiber due to the vibration which may be used to
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vi brating piston 540. As before, the second detector
530 needs to detect only the presence of the tine

wWo 200520400 at the specific frequency inparted PYT/UR®04/020381
vi brating piston 540. The detection of the presence of

acg jE@t the EnMALde BEd $he ﬂ@%uéﬁc;ﬁ SehsEties of frRIBRfNgDiston

e second detector 530 enables the identification of
540to optireize tias fiberidestification davier ot the Riggent iBvention such

detector 530 enabl es t et ' nmeasur enent of
th?ﬁ@ W?H@%E\gﬁiﬂl’ja 'Qﬂﬁggirﬁﬂ'rﬁﬁyeafecgg nat ure) inparted
on aF @rREratiihIB LR the dibef tb@testéd forsdanificatient o be

| ater detected for identifying a subject optical

(presemptivelythesfibert 2 Gand fbakeannested tsit)p bsahby the clamping

LNV, i Qn, r I I j e
i RS pre v GRS WA R ool sOBYl e ight i
scatredpuner thevider! At fash v poriivast this scattertdsigrané ¢dilected

recei ver head 504 further conpr,i e{=s a nodul

! { ? C . ti
byitha elexigiasg. lighiowderdb: ARd i ewéﬁ; 3 tnSerrnd SRiEtIr 530
P . : . i " _
AL JEBYPLOER RIER SR B8 pRvicgy BE St I ot 18 the foer
5gtm haptai sraéll A'Cb@gmpa'rh‘eﬂt to ﬁts aiqmplﬁucﬂe tdithereldnd ue factiiei on
evi ce in accordance wit hi nbpodi i cal
oYSTHRUIOR P AL PreAOsan 1 B S e o T
viBPé%Wrgaéi%nW that a time-varying nodulation is
I mparted on an optical signal propagating therein. The
nodufatbefbrepthecsaconidisatectay 58Beneets toddetert orly the presence
streamby.a transmtt f [ — :
of Benirie Vet B Rl R EReRinebdftpt Ve yibrating piston
580D TR ctiof dfehe présetice ofaRe tintd-valyirg sighall atdiaé arpamed
the region of the transmtter head may be nodul ated
fregeenayhbyt the seoead\detostagSaeenahles the Hentificatianridhe diker.

) ) : . I :
P38 SH18b, B RRIRD Ol TR Bl
me2se 'reérﬁenthﬁ‘aﬂ? ﬁifntd-h@ryf_ n&dgﬂbdumﬁ?n i(f.da.;; aiginaturd inpartédon a
accor dance with i s enbodi e t t : v
oEASRE RIS, BEcana S Bt 8 SeRBlfpsieptbing:a
Sﬁgeb{%kapﬁggﬁgati ng in an optical fiber may be
ni

pul ated to produce a tinmevarying nodul ation that
may Irmakernbte embedineents of threprasept inventign.itbaltranispitter head

53 o e nahiRatb e 8 aae G er boR P o,
cmYping BhUPEHEHHIY dOl'biégﬁqPidﬂ@\%'tQﬁa aiRd theerdoebesr helade504 further

changes to the index of refraction which are )
cagwwiges Banegulpling deviceAg- & e Vibraiig pigtasy sechdiat the figgr

P e b s SR 5 R RS b b i it
diredtigvtdidentifgrzat ostidal fibels, That is,dn @i fillrdédentfiocatien depice in
a\gggrrc]jagge 3v)i(tihatlhisngng1g8ctjiin1cenft,i gr|1 gp{.igal?‘ngglr io%%téé) in%hfairggiron of a
receiver head may be modulated such that a time-varying modulation is
imparted on an optical signal propagating therein. The modulated optical fiber
may then be identified upstream by a transmitter head of the fiber
identification device in accordance with this embodiment. Alternatively, an
optical fiber located in the region of the transmitter head may be modulated
such that a time-varying modulation is imparted on an optical signal

propagating therein. The modulated optical fiber may then be identified
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carrying an optical signal, it nmakes light with right
circular polarization travel at a different velocity
Wwo bas/odddght with |eft circular polarization. MCEUS2004/020381
specifically, a circular bi2zpefringence is inparted.

dg\%stlréélﬁiﬂ tYangbéi(/éFﬁé’abd b fikaP R etitiigafidh agvigeé in
fo a

magnet | er carrying an optical signal
ad:d:mfdabge withdkistdmebatliment i on of pol ari zati on change.

sl cRbatemat emppoBfett of fheu BNt ridr s pafifaion Bt
n%ﬁ%ﬁﬁg%@eﬂ%mmfla@ﬁmbgtu&ﬂahmum@d P brtRicesd timal

nmented within the concepts of the present
vam@qmodulatmnéhamemﬂaiesbe detented t:btﬁi@ntj@rthgmtlsabfgh%e For

oL, 0 PRS00 BT 5, BLSRAIIG LB
pFexHyatibA of ll@lhldn%‘énfbeﬁ/’éyl iberdd abiﬂ? direfidngeined,in e filbers(i.e.,

maansfor applying an electric field to a fiber

clbangss tﬁ)gthgnn(a}@x ofcr@[fragt@h mhlql"bar,@r ReNreaiferm); t%al(;%{m tﬁs fiber
R 140D bust b 1B PR0bige 3 eMdeRY s o

iliushevepugdses tihe Ratduaycsffectpdaused byraagnetieinlds, is
comiBras. disvambip] WhoA A A FBRUACTad & adhiies g fiser
cgﬁglnpeeﬁ': %@lo%nrl %i\glﬁgr ﬁ’@gk ﬁﬁ’&wt wiPrig Rt dbcass ﬁ?flaﬁﬁéﬁon travel at

e vibrating piston 240
afifiereAt delbeity trardRt vsz%moeft shoulso pblarizhtorf dase §9eCIflcally,

o aBs B RgCie RumPaticgn ot dnge e PefBar Toht Anebing ap®
a%rRP magpidtic Fel toFPfibe IR} S eﬁ% A @ales’l%hgéiltﬁ@r@b %akélﬁthe

present invention, 530 is
derqqﬁucppeﬂpcvtanmtmrp@mgez qurgau& r@eanamreanmwn@@tr@agwth field,

S5 251 S0F0E] &4 Wkt i DA Bt AR BaRar e
vBf/ihd eddRbtion inake bpttaltsigndl m&a},UB@Wplemthed within the
tinme- varﬁlﬁngmﬂ gnetic field, Even further, é)lte ate

CORBRRIE Ak %pEﬁsenh@vsnté%nirhﬁmerm@rérfuﬂe?ww
p?(g?os%glfﬂ ﬁ't)euéﬁﬁlcﬁfﬁn b h%’?d?ﬁ@ﬁelﬁ%lll ihgeatd §|W|I89eﬁéct as the

er 'usi ng ot er types of time-varying
alppheétrdmgf@\zm'yl@mlagaetlcsfqeldw degcribed abohes s such, various

BRI IeAgBP DG 21 AIECEIG S0 dp ST caftyingcdn bl sianal o
dr&ﬁtﬁ&%“ﬁﬁ% \\Mrﬁ/mngrﬂbMul’ahbh e tHeosSticl siynbh @Uch 26 Hoadpting

d frequency propagating optical signal in the
afn| cmttcai ﬁln@‘mstomnmrmetelgq:trqdqs] anayahe inaplemsanted within the

directi an of n changes. t should be noted
CHB&%W& ttaehg{e%ﬁn? ﬁ#éﬁapproach if a propagating

opti ¢Jr e&bﬁﬁﬂ’é anﬂﬂﬂdf@mﬂgttﬁlﬂlglﬂets heer@nGrB abowd)ea mmber
having the tinme-varying birefri ngence

verviea magnetindield maydhmarrliegite afbgodad: |3§Qt Egﬁ% ingiace ‘of the
modulation provided by the vibrating piston 240, 340, 540. A detector 230,

330, 530 would therefore be adapted to detect the changes in the polarization
of a propagating optical signal scattered out of the fiber 250, 350, 550. For
example in one embodiment of the present invention, a detector 230, 330,
530 is equipped with a polarizer(s) to enable the detector to detect the
polarization of the modulated propagating optical signal. In addition, the

detection would be configured to occur at the frequency of the time-varying
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the birefringence (i.e. it is in an eigenstate of the

bi refringence), the optical signal nerely experiences
w@2@baeges i n vel ocity but does not undergo a cPENYE20041020381

its state of polarization. 2Thus, a fiber

miadasti¢ fieldatEvem fdetheren @ﬁefnmembddmdmtsem‘tthe pcésmrge in
pol ari zati on woul d fajl to detect an chan

invenian, SIBATTEANOCS ARbaRRaTEREESAIR Bl g ddgentiving
aﬁBB |J:Qq|bggﬁgltngq}thglat¥/ﬁe§ %?t;ﬁ%’r%r?ﬁl?ﬂgré’?ﬁn c%f 'sééltn Lgn

cal ber may
sd]lmdzmg edxl: These erhbodrmémixcem tlhe)prmamhmvlwthséﬁwecbhe

a&@@é‘g@ b éééa\gélfr%siggnlqtﬁraﬁgea%y,@el &E%‘@%ﬁ@éf Wity litte
10$8 %ﬁhﬁtth%qng ?)o%e‘? %ﬂ@efﬂa@}de'ﬂl%g%?ta' (8hagatiHipbptiiaf S|gna| in the

present ein wthin specific enbodi nments of
filpereseneting swisstaniiaily the saime ane oalytheslirection b pola@z@tlon
skilled in the art infornmed by the teachings of the
C'be?'?igfe%nt i nvention that substantially any nethod for

| mpafishdur B H@te\da{d(d/é\ﬁar”wévmwtm@ appréadh PRasrabagating
optical signal in a fiber may be used to subsequent | y

on@@hsign,al tviidlef enjering theatagienahthe fikermaving thediiaenvarying
B BRI R a0 s SBRoflotazatop oo
th@;‘ bitéfahgendn@.es Hehin an elgaekiate of ﬂ‘mjblb@‘rmgeldcé)pthemmml
a known frequency shift onapro atin tical
sgngh@prw eXPeligRGES ABRANGPHELYHIPE %?lgi d%eg\wﬁwd@fﬂq gal
ch %n%n lafZ RS STHLE, ta%(}‘?'l&léiﬁﬁlcém\ ge%RE the

i Nt acoust i c waves an to inpart a
ccﬁmf@memkydemct B.ch@ihge in polarization ghmuld faildo alefactwnytchange.

AGSuiEr s Bepar o i ReF e thé e inhas iR YnniERafies natjrave
t@s%@%@%@%bbﬁr&ﬁh@ﬁ%@% bdpagatiid biticd s‘i{jﬁdl %“ ad., lfHekfﬂJ"er

I n accordance w resent invention.
nfaydopibeniyordhisted, m’efweble‘grmamaadbwse@m @tﬁ;ater@a@ﬁ%aﬂ@m@n
stic horns or acoustic transducers. n addition,
C%’E‘i@f Mhreans, such as a |ithium niobate phase

modupghetigh mowspémﬂl@ﬁﬁmm ofdmpeethae tissharying
non-linear interactions., The present invention
mgdiation Qs a@reRagaingIRtical ﬁlegalc%ne Rf@ﬁ@ntﬁguh%vemﬁwﬂﬁ@h

<HEH BT 0B AR A0 B0 i py e
skilled in thesgt arfowhedbp dss tesehopsi afdhe peebsmrt kinyePOih thathe

SHBARUBbIhmeInGs) 7 APPegone Bue RR Ry ARUHRIBI § N

p&f@da@ﬁ{; oy)%é(l SEhAYE AR FRAEHE L8¢d td BELEEALLRY i@éntify the

on'pr| ses a fiber identification device
fibenipracoondprecet widn ghe prte@enh@aenm hadexappley theragael a

npﬂ%eé%%gﬁ?lbg%] |r§era|cf pr eyssennﬁ tﬁé‘%@ﬂhéﬁ& oﬂlgthtl] and
such interactions may be used to |mpose a known frequency shift on a
propagating optical signal in a fiber. More specifically, several optical sensor
and signal processing techniques implement the interaction of acoustic waves
and light to impart a frequency shift. That is, the light interacts with the
acoustic phonons to create light at upshifted or downshifted frequencies.
Such shifts in frequency may be subsequently detected to identify an optical
fiber in accordance with the present invention. Such frequency shifts may be
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the trunk 605 is divided into the output branches 610

and transmtted to subscribing custoners (not shown).
wer@sab@7§i.e., in the formof |ight) from thePCT/US2004/020381

custoners is combined in thAe trunk 605 and transmitted

it Y Bort R BBl (ol & st 1ih BH b ransducers.
Innedditien, \cghérf medns rsushtdes lithivuraatiolbateiphalsemeodulatyrt may be
concepts of the present invention j.n nuch t he same

Immﬁwnteaﬂstwgéméacfaaeoéme%mt%rﬁg r egar di ng
p0| n Lt Vs
zhé AU Mv% Bn sy él@Béﬂ% %&%usmagucﬁg%%ﬂt@}gy

on one o t he “br an transm
thrrmgl’odehoeabg@epaaatmgdhettraxsmﬁdwea‘tbam@ﬂm recehvedteashk sFor

exarbiy . G gakls digt e Lthel HEGaiY a BRSSTya, ticd O™
négﬁrﬁm@m' TH BONUEEd 8NFIG! al\étbrﬁbnéébeaﬁ lirtwt bYarét 60BNRE

[tr'plicity of fibers in a closet, carrying

~ trunla 505 @,ndtawallurahtg bf obipubbranchics & 10m@i18 |(®@lﬁC§M%JMI0éItDL&s

o5 BOPTLThEORROPEN 36 KRR Slb bR g OFeaton

déaegebnprismgd traﬁgmettdrme\aarﬁménct@mrem@aa 85 ‘hhe
present invention, other and further enbodi nment

acensdance mithdhe pagsant inyentigad IrwmehBQtN gep of Fl%ﬁ f'\gbhfrom
808 | ERRALARI FRlautdth Hthed 6f) aRRT AR

et erm ned accor |ng
stilssdribihgcbutomersvriat Bhbanl).oBighade (iies, inlthe ferdh oBlight) flom the

cﬂﬁefeﬁr%?qs isgcambing g ﬁH@kn AR ArGtraseriies ARk Gpeieat end
t%ﬂ@bvn% ﬁ%ﬁl‘t}?@f EdmAR ﬂ:a%h'tf_é%}veéh B hedddnd and the

etecti e preesence o said inparted tine-varying
castdoleas nay be veuftad infgitheaidireotion iraplemeandng thé eereepts of the

d
ofRe b BB B e 56 e Mot AF bab SlrE iyl dfare a
ekargle, ré’gar"éh@ pERhRAVHEN B @i fﬁe mb’Oﬁ‘bl%in&h%Zd and point Y

time-varying nodulation is inparted on saldotlcal

w@ic@wamrbgne/gf mertg’aacfpﬁ%@l@e trangmitdigad &4 maxbe lp@éiiedara,ear
oGrL K51 BB eegtins 8 pEF o et Fiiaitlpse

trbivdletg fromvaito Q’Cbrasceavélt%actﬂﬂmrrw@httbdmsa‘ub lfortlhs(’enae in a
time- varyln | oss of gYpower is gen

SRR RGN s foar Y lighane of SERER ekbsreur aighsst, ol
ARG i fhSUMEH: ‘b%%tﬁérvﬁ@é thaitiigehable. As such,

communication may be verified without the need to interrupt the operation of
the PON 600.

While the forgoing is directed to various embodiments of the present
invention, other and further embodiments of the invention may be devised
without departing from the basic scope thereof. As such, the appropriate
scope of the invention is to be determined according to the claims, which

follow.
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fiber is varied by vibrating at | east a portion of
said optical fiber. 5. The nethod of claim4, wherein

w@roostopi4rg ude of said vibration is small conpaP€rUsm04/020381

the average power of said pBopagating optical signal
d propagating optical signal is mnimally
rekcyég-he%%me met hod of claim2, wherein a
b| refringence of at |east a porti on of said optical
f| ber . is. v ed as..a function ne such that a
Tpol arh Bt S OE g Oy riEel Aot BOTRERTG gnal 1
var i ﬁﬁpéfﬁﬂ@ aftHﬂé-tv'aﬂﬂnﬁfmédd@tion7ont5rbﬁ1 Gﬁid@a‘l’glg@lfal ﬁio?ia@laﬁng
wherein the birefri'ngence of said optical fiber
invsaid egticaldivertame- var yi ng magnetic field. 8. The

opt 1 B5tecting 7% PieSonrp i Solupardr & MIRARS Brdludfito

, |cfe'nﬁhﬂsa|§opirbé1 fimrhod of claim, wherein said

ti me-varying nodul ation is i arted on sai d opti cal

si gnwhersin waidyinmiaring eeg @@h@@tlr@fd%awdnwmgﬁ prepagation

qnction of time. . The
Oﬁgéﬂ 3}“8% sg@i%rééné/v\é' Ocei)ﬁ’ag eetfrequency of said
propagat i Tlfgewéthoalofszle@mal wisereir said tinge-varfyimciodolatibn is
time through tine- varzl)l ng non-| i near m@lsctlo

lmn@”t%pﬁ@aldo@pttqaaﬁmn@ by YABHRI A PERperty 9 prp«%lgﬂber as a

H¥ohidigfie. i Nteractions are created through the
I'nteraction of acoustic waves with said propagating
opt| Bal siTheahethod dicthimg,ivaadrein deurvalifre o'ﬂaaé Ie&stt Iacpzbrtion

wh d | '
of st RGP Soed s MbFTar Pl HipSSulBibiadh iRsighing loss
oPBbiveals gdridhated lﬂ%aldTBt%p%Bbﬁﬁ@ opficdllstiral 12, vvher ein

sald tine-varying nodulation is inparted on said
opti dal siThaahethodof ciamtne& veeretrethgoiunyatbes olegaid optical

fiBL i Rrop e e Mt Pt of Seig S BEREE, °F i ver
suchst hat Theghéthod of eiditnes, ashergin af afwlitlde desaid oibration is
enabl e said detecting. 15. An ad?@_r atus for

sl OMRAraY t%\H”'Q)ﬁYGPF@QP rovessof saishpriopapating aptieal signahsuch
tﬁgf%lébcﬁ{)fog)%g ﬁH%Sgtléél Qﬁm% Hrliflthafly BBl i ng
nodul at1 on~ont

cal signal "propagating in said
opti al f Wbemembdldw|MeNmer‘ema baraﬂlnggndem atlefast a

bendi id.optical fibe h t hat | ea
PBGIAN Brea OB T YR SR e SOgUIA sai o
g%iz%%n bf B&ib:; pr@ﬁé’ga’ﬂnd S@tRlal SRyRariRlRFkaras éﬂhﬂztlon of time.
etector receiving the scattefed portion of
opti dal siTheanethod afelaiot6 whereis the éﬁ@fﬂtﬁ@eﬁﬁe 9érsald optical
fibnpf%r\;a?%dtwgg e Y/apﬂng magnetic field.

8. The method of claim 6, wherein the birefringence of said optical
fiber is varied via a time-varying electric field.

9. The method of claim 1, wherein said time-varying modulation is
imparted on said optical signal by varying a frequency of said propagating
optical signal is varied as a function of time.

10. The method of claim 9, wherein the frequency of said
propagating optical signal is varied as a function of time through time-varying

non-linear interactions.
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nodul ation to identify said optical fiber. 16. The

apparatus of claim 15, wherein said inparting and
waledosorimgy do not interrupt the propagati on of PEHUS2004/020381

optical signal along said @éptical fiber. . The

apparldt us roetiosh QF alkieT €0,nwviseriein saitliticag-vaiteg non-linear

. J Lt £, ted gQptical . .
iBERRORS s cfE bR tng MeERPR S B il vty e
proSEgHtingl optidht sighal ifl saRNbpiRdal ABEE. conprising a menory
for storing information and programinstructions and a
pr ocdgsor ﬁ@m@mbnfiql@mshi wihenedt saiditinagryarying edulgiios is

: rak : t fi rfing a

i EBT SR Sph R B Vs 5r B 8P S cntloHE Gt

propdg@at i Mhel metmidbfadinctd, Whdreln sgid dintievasingigmodrtion is
_presence of said inmparted tinme-varying nodulation to
"fﬁeaﬂﬁ‘# o) said aptialisignal at ga interediateepaiphetitass eptical fibers
ir%‘?fb@\égth wherein said control unit is further adapted
to cauSe a source of said optical signal to inpart a

ti me-dar yi Tige mediubdiof cainont further doapdrisira) bendingsakitoptical

The a rat.us, of claim, erejn said at |east one
et aral el By R seStEd du e Sa fhet niertble sa3geliting.

sai d qlgendi FJ@/, i ; R : .
recei1?'er rfgga. Zbﬁg;ﬁg@aeﬁgwgﬁé%gpe%lfai m deﬁ&\llﬁ%%'ei n

sai dat least ahe theodeting devicd éor iopapiingsa sime-banyiighgodulation

V] n detector ,.and sai d recei.ver head further

Oggon‘%ﬁgggg ﬁ%%ﬁ%‘??%'ngéoﬁ@@ ° _aFf RE" appar at us of

cl ai gt [Sast vhefibenbeAdifg Wedidedbl BEndiRYisaf] 61 FiB&SsEch that
vi brating piston and said vibrating piston varies th

at aaghapastion obthe antisel siopalis iseatteredseutof epid eptical flbgst and
power 2oL o Blector ReRleR P AT bt e 2B of
tfa8opfided sapehfatdetectingctheipredéncevdlesatd Imparited tvawaayingg

devi ce conprises a piezo-electric transducer and sai d
maduiagion @ga?ﬂ%fyﬁadngmf@iﬂb%n es the curvature of at

| easyga D%biéﬁba?ét.uwféla%HiEE%\%hefréihe%ai@ﬁnmgarftng“a‘n‘d%t@éﬁng
time such that 'a time-varying | oss of power |
dgenediinterrdpt hesaopagatinyegfssaic gptigalisignal sianpsaid dsticdltfiber.
apparatus-of claim 15 nerein said fiber bendin .
doui 42 13 B ReBLAlE o SEVDaley MG e A daPHE gPef famprises
alpmelignofSpicdcoitidctdl optidiffibedd. The apparatus of claim
15, wherein said fiber bendln? devi ce
18.  The apparatus of claim 15, further comprising a control unit, said
control unit comprising a memory for storing information and program
instructions and a processor for executing said instructions to configure the
apparatus to perform the steps of:
imparting a time-varying modulation onto the optical signal propagating
in said optical fiber; and
detecting the presence of said imparted time-varying modulation to
identify said optical fiber.
19.  The apparatus of claim 18, wherein said control unit is further
adapted to cause a source of said optical signal to impart a time-varying

modulation onto said optical signal.
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conprises at |east one anvil. 26. The apparatus of
claim, further conprising at |east one |ightguide for

w@oiodiozy78 he scattered portion of the optical BCTDO&1004/020381

said at | east one detector 2527. The apparatus of claim

26, vher eﬁﬂesagjdéréﬂugmfg:wiﬂq 5 QVRrbPesaid aPle2%t 8h@hsodulating
i ghtguide. 2 The apparatus of claim15, wherein

dexice appafrisesiantjanevities headmndswsid hepdiagsievine and said

i gtcrtorduci ng. a_var .ieggnma netic field and said neans

dets Pt BRI AN ry?aﬁg magnetic field varies the

pol apizat B HPpasaiud oF AL, iwHereptdidtrafb@itedr RBddFurther
function of time by varying the birefringence of said

coptirisas afbansingadewce @neta detestor andesaic seceivry haasiuebes
C\g}é}pﬁsgg@ mo%l??iﬁb ?’Fﬁfg d nmeans for introducing a

yI ng nmagne 8'conprises a sol enoid. 30. The

apparat us Tak appairauddf cidier 65, wisaeith stid esddulating ddete
conprises a polarizer.3 . The apparatus of claim,
CRRBISE aibiAting distan iang hid Vibeatinshpistoseariesthg eyiryaire of
aY fHlast ?%o‘rﬁlﬁn {pf %?%@%aﬁbé%‘s% ﬁfn%ﬁ&‘%% i@ QR (R&t a time-
signal "as a function of tinme rough non-11 near
vantireg ssiapewedds gdheradqupisr seid prapagaitiagmpical sigealei n

sai d_neans, for varying the frequency of sajd . .
prgpgggtiﬁﬁec?ﬁﬂ\éé% ISQ?& ’F‘{a’% U%W)clsﬁ'%ﬁ‘@?ﬁtl%dewce

cBRIFISbS @pigzdBRItHd Ransdlide? AHAISA BRI Griv@uRSIaest
sald means for introducing acoustic waves varies the

variegjtheneyrveture af at |paspagartiongobsaid oaticalifipesias asfuaction of
e hel e Rob IS PRt oAl B foriating
optiesiaignad3. The apparatus of claim3 , wherein said

means for varying the frequency of said propagating
24pt i d&e @p@ﬁ@tusapg clrimytfs wnsieivrsaid fleerclending devigs is
j f i - t her
BERL for Piing e rachis 3R B B off ool AP bl 1
sai d 261 meTherappagatoe diilckimotd, mdwereinreaig fibet beriding device
nodu] at i such thahﬁa subsequent downstream detecti on
C8fnp§'§?83§rﬁﬂ§i Qe & Vhay be conpared to the nodul ation

det egped ARRIadAPatQidh i, ‘Fﬁ?‘%ﬁl?%ﬁé%?n%r?inérﬁgleast one

identification of said optical fi
lighigaiide fios guiding thienscatisined poriiomadfdhappticaltsignaldo said at least
Obﬁngeg%&ﬁ%-gdi Loaverl fy communi cati ons between at | east

27. The apparatus of claim 26, wherein said lightguide comprises a
plexiglass lightguide.

28. The apparatus of claim 15, wherein said modulating device
comprises a means for introducing a varying magnetic field and said means
for introducing a varying magnetic field varies the polarization of said
propagating optical signal as a function of time by varying the birefringence of
said optical fiber as a function of time.

29. The apparatus of claim 15, wherein said means for introducing a
varying magnetic field comprises a solenoid.

30.  The apparatus of claim 28, wherein said detector further

comprises a polarizer.
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passi ve optical network. 36. An apparatus for
identifying an optical fiber, conprising: a neans for
WO panea4mgy a time-varyi ng nodul ati on onto an optT/U81004/020381
signal propagating in said2eptical fiber; a means for
bendipg S?hg a@%faﬁ@é f tBfh 1%U9JhePé'iﬁtsaﬂ)t rHo%Fattln@ device
portion of the optical signal is scattered out of said
copprisas afméans foawdr;angrﬁm&etﬁmnnaymf@ald peppegatipg eptieale

of said,i modul.ati on to identif
sGaplis pivedon diishe Tolhhendsrar fEcipntsai m a6,
furter coRRLppaRdus 8f avaﬂﬁ%ﬁ %e@éﬁh%iwmeaﬁss@ma@mgdhe
portion of said optical signal to said neans fo
frdquenty oigsaid propagsyisy @mtm@lrs@@l@raa 3 funsgoaof ltlerwswa@mes a
of a plurali of _optical Qnpr.i
bt 1ROl BRled aBisRi FeEbiS fogfeing acousti
w@%s BFes HEREHEShJYOSFF JaRs pRIPEgEEng @@tl@él §@ed asr fumation of
I bers for bending said respective optical fiber such

umeathrcatgh r@aﬁmgarpa’sqra@wr@fof&atctg%&tnc\ma\marpawg, gnal
O}Q%%hé% Ioéi'éneﬂf a respective optical fiber; and at

sai d detector receiving t he
scat B8r edTheratpparatuﬁ oficlaéa (3¢ Wheeeioaid aleans Joavaryingnthe

a respectiv tical fiber for detect resencge
fr@ﬂuan%@fp%%g iPrePagRbRgaRlical $ignalas 2 ﬁm@alﬂ?@ﬂf ¢Pgrises

d optical fibers. 39. The systemof claim
aé%%%\lﬁféér/lgléﬁl sai d respective tinme-varying nodulation is

i npaBded Jhew@hraiﬂsgaclalmel@éﬂtharezommnam atlegatah sepgnd

t t 1tt { cl 38,
ARiSeTaTaeT EeiREHG G BT ARATY rPapeti e TR U E  cos.
nfRflatdn SRHhaeH istBSeqedrit RidwHatraahtaoretion of 8416 rﬁcﬁdulatlon

sald optical fibers for inmpartin dgagaldtlrre varyi

ng
mayde aeinpareshtoothe medyation d@taﬁm ar tieaint of modulation for

e optical fiber. 4 . The
t %Q@gﬁféét[&g‘légﬁ%%ésﬁ‘?%%%gr conprising control unit,
sai d3eont Mak apparatas @b clainnd, avhepemrsaid appatatus isg
i nformati on and programinstructions and a proQcessor
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propagating in said optical fiber;

a means for bending said optical fiber such that at least a portion of the

optical signal is scattered out of said optical fiber; and

a means for detecting the presence of said imparted time-varying
modulation to identify said optical fiber.

37. The apparatus of claim 36, further comprising:

a means for guiding the scattered portion of said optical signal to said
means for detecting.

38. A system for identifying at least some of a plurality of optical
fibers, comprising:

a plurality of fiber bending devices, each of said devices connected to
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optical signal froma respective optical fiber.
a respective optical signal from a respective optical fiber for detecting the
presence of a respective imparted time-varying modulation to identify said
optical fibers.

39. The system of claim 38, wherein said respective time-varying
modulation is imparted on each of said respective optical signals by a
respective transmitter.

40. The system of claim 38, further comprising a plurality of
modulating devices, each of said devices acting on a respective one of said
optical fibers for imparting said time-varying modulation onto a respective
optical signal propagating in a respective optical fiber.

41.  The system of claim 38, further comprising control unit, said
control unit comprising a memory for storing information and program
instructions and a processor for executing said instructions to control the
components of said system to configure the system to perform the steps of:

imparting a time-varying modulation onto a respective optical signal
propagating in a respective optical fiber; and

detecting the presence of a respective imparted time-varying
modulation to identify said optical fibers.

42. The system of claim 41, wherein said control unit generates a
control signal for causing a respective transmitter to impart a time-varying
modulation on respective optical signals to be propagated via said plurality of
optical fibers.

43. The system of claim 38, wherein said system comprises a
plurality of detectors, each of said detectors receiving the scattered portion of

a respective optical signal from a respective optical fiber.



