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This application clains the benefit of U S. Provisional Application No.
601496, 448, filed August 20, 2003, which is herein incorporated by reference
inits entirety. FIELD OF THE | NVENTI ON 10 The present invention relates
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15 Modern telecommunications offices have evolved in recent years to

accommodate greater volumes of traffic, thus placing larger and larger
amounts of equipment {usually connected by optical fibers) in areas of limited
space. In addition to the increasing numbers of optical fibers, traffic carried by
each of the optical fibers is also ever-increasing. As capacity increases,

20 problems arise in the management of the optical fibers of a
telecommunication office. Specifically, because optical fibers transport large

[ amounts of high bit-rate traffic, the disruption of such traffic leads to the
disruption of service to many circuits and, as such, to many customers
simultaneously.

25 For example, a typical telecommunications office includes a plurality of
racks of transmission equipment, each having multiple fiber connections to
transmitters and raceivers 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

3¢ infiber 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”) fo 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



to corresponding ports on the line cards in the racks) may becone unknown
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bending a bundle of optical fibers in a cable at two distant locations and
injecting light into the fiber at one bent portion while detecting the injected light
that leaks from the fiber at the other bent portion. This method however, has
20 several disadvantages. For example, in order to inject an adequate amount
(i.e., power) of light info the coated fiber to be later detected, the fiber must be
bent with a curvature large enough (i.e., radius of curvature small enough) to
inject light thus causing radiated light of a large power to leak from the bent
portion of the fiber to which the LI method is to be applied. This causes
25 deterioration of a signal that is to be transmitted by the bent fiber. Therefore,
if the L1 method is applied during transmission of an optical signal, troubles
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
30 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.



Therefore, a need exists for a nmethod and apparatus for the identification
of optical fibers that mnimally intrudes with optical signals propagating
therein. 5 SUWARY OF THE | NVENTI ON The present invention provi des nethods
and apparatuses for fiber identification that mininmally intrudes with a
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in an alternate embodiment of the present invention, birefringence of
an optical fiber is varied as a function of time such that the polarization of an
optical signal propagating therein is varied as a function of time. A detector
20 adapted for the detection of the time-varied polarization (i.e., a detector
including a polarizer) subsequently detects the time-varying polarization to
identify the optical fiber.
In yet another embodiment of the present invention, a property, such
as the frequency, of an optical signal propagating in an optical fiber is varied
25 as afunction of time. The time-varying altered property (e.g., the frequency of
the optical signal) is subsequently detected for identification of an optical fiber
transmitting the optical signal.

BRIEF DESCRIPTION OF THE DRAWINGS
30 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;



FIG 2 depicts a high level block diagramof an enbodi nent of a fiber

i dentification device of the present invention; FIG 3 depicts a high |evel
bl ock di agram of an enbodi nent of a fiber identification systemin
accordance with the present invention; 5 FIG 4 depicts a high-Ievel block

di agram diment of a control unit suitable 13 the fiber

I denti fi gﬁ@gsﬁﬁg}égi ce of FIG 2 and,the fiber ident ré]of@%ztld&goﬁb%bst emof FIG
3; FIG 5 depicts-a high | evel bl 001< diagram of an alternate enbodi ment of
a fiber ident FHGchderiatsdehiph éevel blpeledipgeseatan embadiment otatibaro FIG 6
depicts | vel | ..a. passive optical network (PON)
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may be apPY&'WBM The 30 tel econmunications office 100 of FIG |

i1lustrativel qugﬂﬁétest‘i‘rﬁie?ﬁéﬁtﬁné%icﬁlfre?ér&ﬁbﬁﬂtﬁﬁér@@@ﬁ'b@@ﬁm 102, 103, and
104, each rack having, connected to ine cards therein (not shown), the
first endisefl, whgrepossibtey tndesignate idestical elements that agsaomioen fo theo1- 110n, and
1151-,\3515 respectively. The tel econmunications office 100 further

conpri‘se ggre& urality of cable trays 120, and a patch panel

DETAILED DESCRIPTION
Although various embodiments of the present invention herein are

being described with respect to optical fibers within a telecommunications
office, it should be noted that the optical fibers and the telecommunications
20 office presented herein are simply provided as exemplary working
environments wherein various embodiments of the present invention may be
applied and should not be treated as limiting the scope of the invention. It will
be appreciated by those skilled in the art informed by the teachings of the
present invention that the concepts of the present invention may be applied to
25  asingle or multiply-interconnected optical fibers (or waveguides) in
substantially any working environment (locat 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
30 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
1054-1055, 1104-110p, and 1154-115y, respectively. The telecommunications
office 100 further comprises a plurality of cable trays 120, and a patch panel



WO 2005/ 020478 PCT/ US2004/020381 5 (illustratively a |Iightguide cross
connect (LGX)) 125. Second ends of the plurality of transm ssion fibers
105, 110 and 115 are connected to ports on a first side of the LGX 125. A
plurality of outside plant cables 1301-130m are connected to ports on a
second Sl‘g§ﬁ&’é he LGX 125. The 5 tel econmunications office 100 further

conpri ses 3% ment of a fiber 5| dentification d&FTEE2PH¥P%PH accor dance
with the present invention. In FIG "1, a first portion of the fiber
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transm ssion racks 2, 103 and 104 and the LGX 125 is acconplished over

the 20 tr &searidsedrtion @ftberfbemdsntlfsaubrawlm‘sﬂio is denatest pvalbpttomn appl i cation of

the fiher . id 40 of the present invention is used to
i dent |1p lﬁB r\,ﬁ%#" i%b%%g h%qhdgfqé 125 a particular fiber fromone of the
{ransm ssi on rmaks tdiecommilfidationd olfité 109, ableastaontk ofthy piigalitgosa. For

exanmple, in FIG 1 the fiber i dentification device 140 of the pr esent
i nventi on lb@rscé’ﬁr@%&f wterernechibevgrryssPerisfthe fing sards (ApisAPwsl eh rack 104 and

{0, 2 bott o8 £4fieqln 1A% 02'5boRl BF 1R e b¥eL 155 i eagne 11 the

fiber connect ottom transmssion’r is the sane
fiber as tMls‘tulbmatatmemeéttb ganoaislniettb@uffcp,cforeﬂmplh@nfarrtmtswede of the LGX

fi ber 1530510t RO oSl s apme bl e UGV ot HERR UM A& on an opt i cal
signal pA ¢9ﬁwuh@ecdnne&thﬁe Qﬁﬁd&adorlfs'd?ﬂ{e 1&@%@@@&@@9%&»&% ecting the
presence of the inparted tinme-vary % nodul ation to identify the opti cal
fi ber. | nirapgmission equipment racks 103 and 104, respectively, to ports on the first

side of the LGX 125. In operation, communication between the transmission

racks 102, 103 and 104 and the LGX 125 is accomplished over the
20 transmission fibers 105, 110 and 115, respectively. An application of the fiber

identification device 140 of the present invention is used to identify to which

port of the LGX 125 a particular fiber from one of the transmission racks 102,

103 and 104 is connected or vice-versa. For example, in FIG. 1 the fiber

identification device 140 of the present invention is connected to a botiom
25 fiber of the transmission rack 104 and to a bottom fiber of the first side of the

LGX 125 to determine if the fiber connected to a bottom port of the

transmission rack 104 is the same fiber as the fiber connected to a bottom

port of the first side of the LGX 125.

In accordance with the aspects of the present invention, an optical fiber

30 s 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. In the

present invention, the imparted time-varying modulation and the subsequent

detection are performed such that the propagation of the optical signal in the



present invention, the inparted tinme-varying nodul ati on and the subsequent
detection are perforned such that the propagation of the optical signal in

t he WD 2005/ 020478 PCT/ US2004/ 020381 6 optical fiber is not interrupted
(described in greater detail below). For exanple, in various errbodi ments of

the present .invention an optical fiber is |dent|f|ed b var a property
of the opwpégqsm?q4@er as a function of time, and therf é"lsé?,”t' H’ t he presence
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to apply a distinctive addi t1 onal or over on (1.
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“fiber” naxyod%tmeﬁby@in@l@ﬂteufdﬁ@m;ﬁicagé@néuabaﬁ ifteimddigesaintti ng an opti cal
signal, or a fiber path CO[TEI‘I si ng 25 plurality of interconnected fibers
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transmtti on a network
of a pl ur atansyissionifivbetocidentiée theditfer beths Ipagditiohya ﬁmewrmg a pI urality of
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a fiber or fiber path in which the optical signals are to be transmitted. For
example, a transmitter or transmitters may be controlled to apply a distinctive

20 additional signal or over-modulation (i.e., time-varying modulation) of an
optical signal to be transmitted in an optical fiber or fibers to be identified.

Finalily, it should be noted that in the description of the various

embodiments herein, the use of the term “fiber” may be used fo identify a
single fiber for transmitting an optical signal, or a fiber path comprising a

25  plurality of interconnected fibers for transmitting an optical signal across a
network. That is, the aspects of the present invention may be implemented to
identify a single fiber transmitting an optical signal, or to identify an optical
path on a network of a plurality of interconnected fibers possibly carrying a
plurality of optical signals. The time-varying modulation may be imparted on

30 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 cutside of a fiber or fiber path
in which the optical signat is being transmitted (i.e., time-varying modulation

Imparted at an intermediate point between interconnected fibers).



propagating the optical signal. In addition a time-varying nodul ati on may be
I nparted on one or a plurality of optical signals outside of a fiber or
fiber path in which the optical signal is being transmtted (i.e

ti me-varying nodulation inparted at an internediate point bet vveen

[ nterconn\e,ﬁ ‘3{%} ];d Zers) WO 2005/ 020478 PCT/ US2004/ 020381 7
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appreci at ed blg thoseang{q I'Ted in ?h}ebngﬁqﬂgﬁ%d g?érr%p 3 fEteﬁe tleachl ngs 15 of the

present | rwlwhar@ruseﬂém irngose as@@actagley'sngogihr ondhe transamtttﬁ'd light i rparting a

(eg. Poh RSB e oPbELen T b AREIRSBEIT o7 e 0f Gt cct i o

(e.g., hEtgﬁéétéNMald@éIQWt iAAdugrYarfisigMboaimestite of Wetdhédert hweatisicept s of the
pr esent |nvent|on to identify a subject optlcal fiber or fiber path. 20 FIG

2 depi ct s @€ Relpa deegrdieddierrin agimgylipialiT thieeaptsdlinreparties o5 fi ber

denti f th

el ecommuny Batg s ekl SRafrE5R Bh dpflBandlbrotiad AP aopted L 'ce 140 of
FIG 2 il lfibst,itarill be appreoiated ls;ethoae Iskitiéd puhel art(foinext bythevteaghiagspl exi gl ass

| i ght de), ..210, fib d |y I i
o Sk Rl PR S4B o Y b AR % Py
device (id ttm@bénghgwwm@uowdﬁaﬁ bm:apsl?ﬁélr&op%@tm IrFan dptical fifgr depicts an

optical fiber 2 i nter-positioned between anpi ng anvil 220 and the
pl exi gl asdegi, phespmedulation) ans mprasaemingy serhigisatedforna e daiectionesent

I nventi on. . BOR OO fiGGion! BBy be iImplemented within the concepts of the

present invention to identify a subject optical fiber or fiber path.

20 FIG. 2 depicts a high level block diagram of an embodiment of a fiber
identification device of the present invention suitable for use in the
telecommunications office of FIG. 1. The fiber identification device 140 of
FIG. 2 illustratively comprises a lightguide (illustratively a plexiglass
lightguide) 210, a fiber bending device (illustratively a ¢clamping anvil) 220, a

25 detector (illustratively a photodiode) 230, and a modulating device
(illustratively a vibrating piston) 240. FIG. 2 further depicts an optical fiber 250
inter-positioned between the clamping anvil 220 and the plexiglass lightguide
210 to illustrate the concepis of the present invention. For convenience, the
embodiment of FIG. 2 depicts an embodiment of the present invention which

30 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. itwill be



enbodi nent of FIG 2 depicts an enbodi nent of the present invention which 30
conbi nes the aspects of nodul ati on and detection processes in a single
device. In the fiber identification device 140 of FIG 2, the vibrating

pi ston 240, the clanping anvil 220 and the photodi ode 230 are depicted as

bei ng i n_\gb%[ﬁoz%!;fri mty for illustrative purposes ggg_iﬁsg@@%%ﬁeof

expl anati on. be WO 2005/ 020478 PCT/ US2004/ 02 ci ated by

those skilled in the art informed by the teachings of the present invention
that a vi BPRReciteohsthere skilled indpe ag infakmed RinkedegrhingsfdoR of the present

I nvention 0 f : frm the

I denti fi cg@gﬂhﬁ\éﬁgg t@?@ ﬂéragrﬁ%gg:?ﬁrﬁ?%%mﬁ;ﬁ%ﬁﬁ\gg | C%g@@gﬁgé og)conom' cs of 5
product i othe fvosentspentién calylbe asclésderas fdeaparf 2 atdesnagduipedoirm accor dance
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compr i sed egfoRatib N S pisse It e iciftod ki SEOhAIBER 6Lr head 225
(i.e. 1scogﬁi’dh§ﬁiﬂ1. 19bre ShecliicaR aUineLidéAficalifiedéli | fYorfanks wiRO and the
detector 230. The transmtter head 240 nmay be |ocated on a fiber wthin,
for exanpthe praserd inveingon mayhieceanmmised of aitreasmibter heqdifie:, mgmprisedre- var yi ng

el ecommutl CacTRRuRERpRR2O e DRRRERkhOR \Re AR08, cifrted ccaroa
hundr eds  of themiyRigaider2 10, tr@amphg sawkz20 and thetdxtédto230eThy esence of the
i mparted tinme-varyi ng nodul ation for identjfication of a subject fiber(s).

15 In addienghiteahe maydeJotatet pma fippsvithin Javexsmple@ 2 is depicted as
oper akp ngté?&o%rhﬁt%atfb%tdﬁ@é 10 infoBRIRUPlRE vahiRPodliBia bgRat e embodi ment s

resent 1nvention wherern a“transm and a receiver head are
l(ocat ed dopticahsignalgpapagatingin thedptictilibers of the teledommunicativas office i npart a

time- ' dul .at i i i gnal , by vi.brati bst anti al |
St rai gn ePhBRMBUEEa b fhs Ha Be dcate bR st cleses (IS g, cur vat ut o)
or decreaé@aﬁwdefeeﬁmg:tﬁ%ﬁgﬁwﬁmﬁé inbpitftel 9iRtH-Patying TSodil@longsr t 0 an opti cal

fiber. Furthernore, alt] in FIG 2, the nodulating device is depicted
as a vi br Bentificagpr oba subject filjer(s).be appreci ated by those skilled in the art

nfor ggd by t e AARGH! A%k iSRG Blin NGB0 | Balicbligemodul at i ng

devi ce"may be any such ce cap providirng ni cal vibration
or bi asi ngperativpon adhent porion bf thersubfectfiberfinrattbaate empodindntsadfi ng device in
ot her enb%%i pqggén ir?\;en{icr)]r(l3 w%r%?r? Qttrahgr\rqi g}' | gand and a receiver head are

located distances apart from each other, a vibrating piston may impart a time-

varying modulation on an optical signal by vibrating a substantially straighter
20 portion of the optical fiber to increase (by adding curvature) or decrease (by

reducing curvature) the bending loss applied to an optical fiber. Furthermore,

although in FIG. 2, the modulating device is depicted as a vibrating piston, it

will be appreciated by those skilled in the art informed by the teachings of the

present invention that the modulating device may be any such device capable
25 of providing a mechanical vibration or biasing curvature of the fiber. Even

further, the modulating device in other embodiments of the present invention

may be substantially any component capable of imparting a time-varying

modulation on an optical signal propagating in subject optical fibers as

described throughout this disclosure.
30 Furthermore, although in FIG. 2, the vibrating piston 240, the clamping

anvil 220 and the photodiode 230 are depicted as comprising separate

components, in altemate embodiments of the present invention, the vibrating

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



may be substantially any conponent capable of inparting a tinme-varying

nodul ati on on an optical signal propagating in subject optical fibers as
descri bed throughout this disclosure. 30 Furthernore, although in FIG 2,
the vibrating piston 240, the clanping anvil 220 and the photodi ode 230 are

depi ct ed 9§ 2608/§R44sSi N separate conponents, in alter gi,ments of the
present i n?ent ion, the vibrating pigston, the clanpi nlrg;}lz’invt%lr‘v8 Ad t he

phot odi od PCT/ US2004/ 020381 9
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al ter nat i 980 due ® “bBAdIng ichaal Fuﬂth‘er%%%@éﬁﬁ SHberab Pehtestbigr core and
subsequent |y out of the fiber 250, itsel As such and as illustrated by
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At | east foddr S e plexiglass
l'i ght gui dgytzﬂlé%rnﬁéé%gg%fglh&ghﬁl?% the%fgg-'ee??gra% Ht aﬁrtﬁbhgﬁ‘é[ t@?ﬂ %fgo S

conf i gur e8lG.@, Heveoved calriesk inothe dfibeseiwiiamental modlaes essandisiyondi ng frequency

of the tinge:-varying | | npapt bratin L stan. 240. As

I 11 ust ralt H’d\éﬁ rﬁﬁl’&% E&?’ﬁ?\'ééqq? hﬁﬁgg&pﬂa t\t/thrQPF‘btéqmﬁg%S“%{nlgﬁal | ac conponent
to it g5 ampighdlusthe(fibel lzsm eghapkua ldv@ertr[?ﬂt) amdejormRe propagftingtdiengsi gnal
propagating in the fiber 250 inparte the vibrating piston 240 and the

det ect or P8dibpE2§@| The spqand QOH‘R?@%U?PW&%‘]STQ%PQE'PP&‘C thsngonal thate
over modul gtd Qo SSHBRAG R Bf the! fHRP Y8H (drBptbFuppert ifht]. | A8Last a

portion of this scattered signal is collected by the plexiglass lightguide 210
and guided to the detector 230. The detector 230 is configured to have

20 electronics sensitive to the corresponding frequency of the time-varying loss
imparted by the vibrating piston 240, As itlustrated in FIG. 2, the light leaving
the fiber has a small ac component to its amplitude (dithered) due to the

o

overmodulation of the signal propagating in the fiber 250 imparted by the
vibrating piston 240 and the detector 230 is well suited to detect power
25 variations at the overmodulation frequencies. Although in FIG. 2 the fiber
identification device 140, is illustratively depicted as comprising a lightguide
for guiding the scattered light out of the fiber 250, in alternate embodiments of
the present invention, a fiber identification device of the present invention
does not comprise a lightguide and, as such, the light scattered from a bent
30 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



I dentification device 140, is illustratively depicted as conprising a

| i ghtguide for guiding the scattered |ight out of the fiber 250, in
alternate enbodi nents of the present invention, a fiber identification
device of the present invention does not conprise a |lightguide and, as

such, attered froma bent 30 fiber is detected directly by an
I ncl uded%vch Oggézg‘f%l nstead. | n accor(aance with the pré&@H?mW‘vgﬁl on, the

frequency of the dither (i.e., t he' frequency of the vibration mparted by
t he vi br aignay pripagatinginhe fi filben@80 in oecer adp hriinimedly mpebct thee tinshiittedanpl i t ude and

static biasing-curvatur s chosen. such.tha dither a [tude is snall
compar ed SEATTAUERHEE 238 hePaOR e SISk ietthesBBbs) 020381 ° 10
si gnal pripRagaiation atthet uehBg Impriadi By tRé ddFat toh 2ab| Yhe npact the
transmtted signal Thfz@det g%t or 230wneeds tt(l)-@oﬂrﬁ sensMweqqz detect the

presence dstedting of thergonsistent prasense of the tmwﬁe@lgmbatrtheunw e vibrating
t 2 f
Bl gnal® adEAS ORIt £ s Skl naiGE TRERBRS T 280 T2 POV 20 o

that t he iyebirat omihappartioula2fitier upstreart iangd aemubﬂnatheﬁlamrtziﬁmbar fiber upstream
and as sy | ber 250 is _identifli i t he vibrating piston
390 wor o BT THat Rt ROARERE PN aere DLFCBBST AR ARG 1 cated —t ho
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cent ered about the frequency o ulation {dithering) inparted by
t he vi br atdisegwithis acietedtion bahti:lwmhme‘edmbbdtthbéregumys}féhﬂraI content at the

central fre f the,det or,230 i.n th of a fiber
Char L SR oBheriney s e Shsethelpifien 288 W EdrE R 1 om ¢ he

(di t her ed tﬁaﬂﬁéspédtramﬁﬂé#ﬂta@meééhtmtr@mb prom@cmt@ﬁ@mwmwtlon there is
little need for 15 accurate calibration. That Is, it is sufficient to

det ect t Hsaliered signal effa ﬂPﬁftthdﬁﬂaﬁw@i'ﬂgaﬁ'tW%d@MWd PRSWReed by the vibrating
pi st on szﬁsft{nghi'gﬁé lé%%fh%%llthg@?@ r%ﬁrpl i tude. Fu_rt hernore, the detecti on of
an

t he presen nven on 1s asurerrent whi ch may be perforned with
much hi gher gén the diitedtionmethod ofthe presbnk méntafn fems isditild heedhi®n conpared to

an equi val ent . DC negsur ..20 en furthe I n vario enbodi nents of the
preset iaFGWRES @{Ib{aﬂ@nnﬁggp Spl % $uTitient; t‘hfj%treﬁéqﬂ'fecﬂﬁe%&c?l g%‘eby the scattered,
di t hered f§|‘1dﬁ?ﬁéntél$récﬂ@n§9 H}J%frtbﬂg)y tﬁé@iﬁk&iﬂ@blﬁ&ﬁizw fatRér2BEMRE. As such, the
filter bandw dth of detector, such he detector 230 of FIG 2, may be

restri ct eagtoaraplibegs, ﬁgthqamorq;ﬁyedtgtpct@n of the present invention is an AC
measurement, which may be performed with much higher gain, discrimination,

and lack of bias drift when compared to an equivalent DC measurement.

20  Even further, in various embodiments of the present invention the most
pertinent information carried by the scattered, dithered signal is the dithering
frequency and its presence. As such, the filter bandwidth of a detector, such
as the detector 230 of FIG. 2, may be restricted to a very narrow range (i.e.,
the detection time constant may be on the order of seconds) since it is only

25  necessary to confirm the presence of the dithering frequency. Thus, the
detection of the present invention may be quite sensitive. In short, the
identification process is essentially complementary, in a measurement sense,
to an accurate power measurement.

A fiber identification device in accordance with the present invention

30 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



the detection tinme constant nmay be on the order of seconds) since it is only
25 necessary to confirmthe presence of the dithering frequency. Thus, the
detection of the present invention may be quite sensitive. In short, the
identification process is essentially conplenentary, in a neasurenent sense,
to an ac r measurenent. A fiber identificatjon device in
accordanggbaﬁgﬁgﬁﬁg pr esent inventi?p 30 may furtheﬁwggﬁﬁwvgﬂnﬁ contr ol
unit. For exanple, the fiber identification device 140 of FIG 2 further
conpr i sesPlgcedar adroriion ef the ber2Srinsmtashpisian. dheteghnisiammes the transnitter

he20 240 Lsres BN o8B Bl B S pbean A0 pigoeote, cont ol

275 i s ada to-“con ransmitter he recei ver head
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i n the opbperatiort bbee vERIMYpistoa2U0NThe RentréIR@R 276 MayAlss be Vi brating piston
240. The control unit 275 ma configured to be capable of adjusting

. y also be !

the anpl i senfiguasttorheccppahieyof agjusting theeroplifide: (op fregyenayboiher at i ng pi st on 240
(or biasi : ; ! £ ' L fd i devi ce 140 of
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: u in the description direc preceding it is . describe at a
renot e siﬁ'ﬁ ency) g{;\mraﬁ@ {hzi' W@d’ﬁ'ﬁ‘m"ydrﬂm{deﬂﬁ'. %HQP%Q@&@ HRiieg ol 15 signal to
Initiate ﬁ?ﬁ'alfiﬁme_r ftlertoBe. ARBOGH iﬁﬁhé‘ﬂé’s&riﬁﬂ@ﬁ et forédRirdgriggsm tter head
240, a confrol unit in accordance wth the present Invention rmay either be
har d wi r edescibedhthaia reowolg signd is sentdathecantrabeniiie)geaatmie Aconisdei ver head(s),

bot h, TE netf T i andbnfiy e BRtreti hd Boeur TR RREF G A ot o reians.
20 Furt hep4mraecontial @it il dceoRiahee afth st preséntafventien piagssither betvent i on, a
fiber identification device may conprise re than one transmtter head. As
hard wired to one or both, the tfransmitter head(s) and the receiver head(s), for
communication or may alternatively be in communication with one or both, the
transmitter head(s) and the receiver head(s), via remote means.
20 Furthermore, in an alternate embodiment of the present invention, a
fiber identification device may comprise more than one transmitter head. As
such, a technician may place a transmitter head on each of a plurality of fibers
in, for example, a telecommunications office and then head out {o the field.
The technician may then test the fibers at a position downstream located on
25 the fiber hundreds of meters or kilometers away by placing a receiver head on
the fibers one at a time. The technician may send a remote signal {e.g., a
radio signal) to an inclided control unit adapted to turn one of the transmitter
heads on at a time while placing the receiver head on the fibers one at a time
to detect the presence of the time-varying modulation imparted on a
30 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 furned on at once, each of the

transmitter heads having a different frequency of vibration associated with it,



such, a technician nmay place a transmtter head on each of a plurality of
fibers in, for exanple, a tel ecommunications office and then head out to
the field. The technician may then test the fibers at a position downstream
| ocated on 25 the fiber hundreds of meters or kilometers away by placing a
receiver head on the fibers one at a tine. The technician nmay send a renote
si gnal (&Q2005/RQ047Badi 0 signal) to an included controPCTHRIM4EEIBLIed to turn
one of the transmitter heads on ata tine while placing the receiver head

on the fifelss suth, e racéivéfheadimalebe ased ad@ntifptheqeesdndehyt the me- var yi ng
nodul ati on jrrpgrted on a 30 re pe‘%,tive g’%{%cal signal to ijdentify t he
optical fYasioHs £8Q¥R frafurnclistia Igerdity an apt hegas edNaI N8 on. In this

nmanner, @l i ; | P I a technician.
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t ur ned ondescriptioreaboraciriofis embodimeatssefithe Boerlidandification deyice dithé er ent

frequency of vibration associated with iit, W) 2005/020478 PCT/ US2004/ 020381
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the vari@ufnife Meabis§odrRRe Ve hé (5 RRY bisk batemPldlf Bbnttdile@byassoci ated with
the transmtter head vibrating at a specific known frequency. Al though in

the descsgngingonreamie sional(edusa edimsipn@htosaroinciuded comfegller snt i fi cati on

remot ol y B itOihg YRR AT I5Y. Ihe deBRORT AR ARE) 7oy "ol 5o be
renot el y sdjndtalsle beddiby desieaslioftheapreesmttieveptignal (e.g., a radio signal) to an
I ncl uded controller for oBerat | velg contraolli n?eét he recei ver head(s) (e.g.,

the d& ect or (5venhdthaiyin vatipnRihemtraoeinantRyf rpieseahinkenticRed pr esent
{ nventi ong,dQ oﬁﬁﬁ’e’?é&ég{tm@%}grdepyé@in fdirice R ggé%bnpifnvéﬁ’cﬁ)npr esent

i nvention; a grou entification devic I n accordance with the
present i megnompnse arfiberddendificatioresyistemer Thatdsita fiier ddeantificatippt em That is, a

fiber identification system of the present inventiqn nay, C Li se nore than
one. t r ancHIeEPr HEesh i RIS THAROBRASK eE (e cRERNSRUIS Celipl o, FI G 3
depi ct's agdy @Brd B bnd Peddives hedd 2BHRPERPPI&FIETRAdpieRIY high l@vdli ber

I dentification system 300 in accordance with the present invention. The

fi ber 18 debleck dizgramoef anemeediveot ofa fiter dendfieadiopsystes AQiur al ity of
o REoRSRs AN AU CBANGL e e WEATEHIAS SRR I, 7o)
pl ural it yFIGE 3aptriptiaés &iphealty 350Ansher Headk 13401-B4@) (cotimttivelyl
transmitter heads 340), a plurality of receiver heads 3254-325y {collectively
receiver heads 325), a plurality of optical fibers 3504-350y (collectively optical
20 fibers 350) and a controller 275. As in the fiber identification device 140 of
FIG. 2, each of the transmitter heads 340 of the fiber identification system 300
( includes at least one modulating device, such as a vibrating piston (not
shown). Similarly, as in the fiber identification device 140 of FIG. 2, each of
the receiver heads 325 of the fiber identification system 300 of FIG. 3 includes
25 atleast a fiber bending device (e.g., an anvil (not shown)) and a detector {not
shown). Alternatively, the receiver heads 325 of the fiber identification system
300 of FIG. 3 may each further include a lightguide.
The plurality of transmitter heads 340 and the plurality of receiver
heads 325 in the fiber identification system 300 of FIG. 3 may be placed on
30 respeciive 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



20 fibers 350) and a controller 275. As in the fiber identification device
140 of FIG 2, each of the transmitter heads 340 of the fiber
identification system 300 includes at |east one nodul ati ng device, such as
a vibrating piston (not shown). Simlarly, as in the fiber identification
device 140 of FIG 2, each of the receiver heads 325 of the fiber

i dent i fi ¥ 3093028478t em 300 of FIG 3_includes 25 at | BEEUS280419268t bendi ng
device (e.g., an anvil (not shown))¥and a detector (not shown).
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2005/ 020478 P S2004/ 020381 13 downstream on each of the plurality of

fibers 350eadscifgrer waingthendbratiorof the rapsmiter hpadnddbemand pler paths as the

fibers in s or kilometers
away. In Eﬂé&'ﬂecﬂﬁ%ﬂaﬁ%@ t[h@n‘aﬁ ﬁéééﬂggrrﬁt%?g [er? g%l one(rfr)et{rﬁ@%i%f)f t he present
i nvﬁnt i onren:ameuaeaiga@ﬁttedﬂammaé Ipyesencéoﬂhhearnw-vmlngypodiﬁzlni)oaxarrplhe a |
t echni ci an end ar te si ignal) to the contro
unit 395 g?téd%gt%g&ﬁ@oqr@s&&ﬂiqalﬁqnwgerthegqgﬁaa fd%"ﬁ&aﬁﬁ’@fgﬁo for turning
the vibragipe of the transnmitter heads 340 on and off. The technician may

then choose to nonitor different ones of the plurality of receiver heads
325 to identi wtemaéwply@@dﬁ@@@maumoperammmqmmgrodmuum pbihe10 i nparted by

t he speci 340 | dent | ific fibers.
Al ter natlérggﬁnqg'ﬁ%"?%?%t rﬁ%p@@qﬂé ﬁ:%" ﬁ@téogmer%qe %&g of the
present lﬁl\d@ﬂty'cﬁ'ﬁraﬁﬁmﬂéehéét%ﬁﬁﬂaﬁd)th@ @raRy iof pddelvet ABAdOB23 e operation of
the plurality of transmtter heads 340 and the plurality of receiver heads

325 i #3 155@@!%16'&”% 2y ¢ombingtionsans fraauessy @H@eﬂt%&lﬁ‘e“qu BPYigNti fy the
subj ect Oﬁﬁérﬁﬁg Aerfag\p%{/ Eor’i’tﬁpllirfg%@ﬁééfﬁé)ﬁn& thgltlléﬁz'ngﬂlt:tga‘??lge % ?’(? ones of the

transmtter receiver y the presence
of an i npand the reesyrdieadse 325 to identify the presence of an imparted respective

time-varying modulation imparted on respective propagating optical signals
and as such, identify each of the plurality of optical fibers. The control unit

20 275 of the present invention keeps track of which transmitter heads 340 are
operating and at what frequencies. Each of the plurality of receiver heads 325
transmits the respective outputs of the detectors (not shown) of the receiver

o

heads 325 to the control unit 275. The control unit 275, knowing which
detected signal was received from which receiver head 325, is able to identify
25 the plurality of optical fibers 350 by examining the received outputs of the
receiver heads 325 and identifying the respective time-varying modulation
imparted on the respective optical signals propagating in the respective
optical fibers 350.
Alternatively, the fiber identification system 300 of FIG. 3 may be
30 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



time-varying nodul ation inparted on respective propagating optical signals
and as such, identify each of the plurality of optical fibers. The control

unit 20 275 of the present invention keeps track of which transmtter heads
340 are operati ng and at what frequencies. Each of the plurality of

receiver e%% transmts the respective outputs ectors (not
shown) O*v'& recei ver heads 325 tg the control wuni %%?%gcontrol unit
275, knowi ng which detected sig was received fromwhich receiver head
325, is &g eonte! ppisnd he goproliupd r@ﬁvdham ideptiyithe, pspegliveraRbierldibssd by exanmi ni ng
e eceRfRUhRIhad! ickBted FBAPhESIndiAdegd2> and | dentifying the

respective tinme-varying no arte on the respective optical
si gnal s propagavemfyriher, Uﬂneammrmnhodnaentemﬁtlxeatreﬁetﬂmnﬂ@ﬂ a Alternatively,

the fib d tificat t 300 of F 30 f dt
compr | Se ANETRENS! 35 ESST PP denie e ahies GRPEREd SOTE one. of ¢ he
respe%tl\s@n@pfd@a@hewgwdagouﬁcemé e SHRBRASITMRrPRIAgHA a bishitie | 0 such an

enbodi ment”, the sin detector is configured such'that it |Is operative to
receive reddqﬂenahsm oaowearrrn@m;iaim (bas time-vendnppodulation)iaf@al s of the

respectiv spective detected
i nf gr mat i g’ﬂcqq% dﬁ@dﬁfsﬁ%ﬁ’ﬁ%ﬁé‘) @%@B@%Qggg‘%ﬁqﬁgﬂ#@ﬁ@écﬁt IrOoI unit. The
control UMat isiAyohtisunitde tHd presétenvepsion aiady\be aiRiptetiatb conbpeirss from the

i nformation received fromthe single detector. Even further, in various

embodi memesdutok ¢feonsrarduere transaiiiars af a aystemie cavsamtimeyening present
| nveny O'PnchﬁYatBﬂ t@ﬂ@%E?rtéd’b%ﬂ@?@%ﬁt@erﬁ%ﬁﬁéﬁgc&%?&%l sngﬁ’alﬁﬂi’se a si gnal

source (i rans nct i addi ti onal
{si gnal oubedraﬂsmlttaﬂimatéspect(vie apticaltfibees foasybsequentdderdification adthean opti cal

signal to P h{)an mtte I n aEh tical flbeh or fibers to be identified.
That is, CRUGR ?@Imlﬁ‘ﬁ?‘i‘ BFCE Y SUERRNINEOHRR-on nay be adapted to control a

modul at or Of PIE @ﬂeﬂi&é% I‘?f%ﬁ‘-ﬂﬁ/@l BIb&E SiaQlanfolséAPddifeRterze @ time-varying 10
nmodul ation to be | he transimtters on respective o tlcal signal s

to ( be comﬁcvistmittsuéable rforrt@@paddle fieer igantiticationidewice 1146 rOf Elth
e S B B A S RSEMBIRERS A  Breoer
control @biprised 4 pedcest®rr410sas wall 448 nidniery 420 ddristdrireaniopnatayi ce 140 of FIG
2 and 15 the fiber identification s st em 300 of  FlI 3. The control wunit
275 of ERnd cgntrol programs. The processor 410 cooperates with conventional
support circuitry 430 such as power supplies, clock circuits, cache memory
and the like as well as circuits that assist in executing the software routines
20 stored in the memory 420. As such, it is contemplated that some of the
process steps discussed herein as software processes may be implemented
within hardware, for example, as circuitry that cooperates with the processor
410 to perform various steps. The control unit 275 also contains input-output
circuitry 440 (i.e., may be remote input-output circuitry) that forms an interface
25  between the various functional elements communicating with the control unit
275. For example, in the embodiment of FIG. 2, the control unit 275
communicates with the transmitter head 240 via a signal path S1 and to the
receiver head 225 via signal path Oy.
Although the control unit 275 of FIG. 4 is depicted as a general
30 purpose computer that is programmed to perform various control functions in
accordance with the present invention, the invention can be implemented in
hardware, for exampile, as an application specified integrated circuit (ASIC).

As such, the process steps described herein are intended to be broadly



conprises a processor 410 as well as a nenory 420 for storing information
and control prograns. The processor 410 cooperates wth conventi onal
support circuitry 430 such as power supplies, clock circuits, cache nenory
and the Iike as well as circuits that assist in executing the software

routines 0%4%? in the nmenory 420. As such, it is¥€ﬁﬁ§(§@d2@é§db;hat sone

of the ocess st eps di scussed hergln as softmare p
i mpl emented wi thin hardware, for exaqg as circuitry that cooperates with
t he procdatstreted pg b(emwtﬂ\@leﬁﬂwerf@un bxeg@ﬂwarﬁeha;rewarq;loramt 275 al so

cont ai ns gcCircuitry 440 (i.e., may be renote input-output
ont al Pr{iﬂﬁatfa y , ey P p
Ci rcwtrye) glfér:r% an interface 25 between the various functional

el ement s connmthmagh inghewe rbodinentooft fibet idenhﬁcatlaﬂﬂewﬁm apkalijpee, in the
enbodi nen icates wi.th the
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bei ng equival ently perforned software, hardware, or a conbination
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flber o] t invention

ot ced RoahbEhR BB nRGE MR Gaopll. (ERBAFRES! 1 0 T 1 <
(depl cted fmpaneﬂrmrei Bhergnay e Orarbetezqul adcorti2yHd, eq@lion vae (buwhishher means for
| npart ed @ | me-varying nodulation (e.g., time-varying |loss) on an optical
si gnal tlng al ong on optical fiber, such as piezo-electric
transducers notors and vibrators, nay be inplenented in a fiber
|dent|f|cat|on device and a fiber identification systemin 10 accordance
with the present invention =NbespspeR)ifically, the bend loss{{) inparted in a
fi ber,_may be characterlzed according to equation one (1), which follows: U

= c2 1gxloﬂmhere o is the(i%%paﬂ%g loss per unit l[ength {and can be considered as
proportional to the light scattered into the detector), R is the fiber's radius of
curvature, and c¢; and ¢q are constants which are not strong functions of R, but
are functions of the fiber design and the wavelength of light propagating in the
20 fiber. The exponential dependence on R should be noted. More specifically it
should be noted that as R decreasss, the scattered light goes from very small
values to very large values quite rapidly. As a consequence of this
exponential dependence, a given curvature (static or biasing) at the location
of the vibrating pistoen may be imparted, such that small additional changes
25 applied make more significant variations in the loss without the necessity of
making large variations in the bend radius of the fiber. Because of the
dependence of ¢, 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
30 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



where a is the inparted loss per unit length (and can be considered as
proportional to the light scattered into the detector), Ris the fiber's
radius of curvature, and c2 and cl are constants which are not strong
functions of R but are functions of the fiber design and the wavel ength of

l'ight proRpgadd.p@sin the 20 fiber. The exponenti al dﬁ&ggﬂﬁ&gﬁggjﬁg R shoul d be

not ed. More 'speci ?i cally it shoul d,be noted that as t he
scattered |ight, goes from vg}ry smalﬁ val yes to very |arge values quite

rapi dly. RePRVEBEARAwsiable Pepding radiygioppicaldierduhtiiice, a gi ven curvature
(static M oLy ; ;i d 0k e pwl B0, PI Ston may be

i rrparted,c}c{dél%t(t:ﬂﬁ% Eg%dlgérg*?&a@g?ﬁ%ﬁg?ph%%%é? EESH Sg%dglai %’3 make nore

si gni f i caambodimenttaf arfber idettificatios device bbthe présenhiswestion mapf naki ng | arge
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and c2 orfMROSF VEURESRER GEUR0E 8}’1‘8‘?9}1@;91%‘" F‘ﬁﬁ?? BPPSSIS @ that fi ber

| dent igf | cffdret rel8ivib ©RBuRAtuFd CAPEGSE Rheh BVeREUATe DBYmeaRlreeAt a variable

fi ber bending device (e.g. a variable anvil, or nore than one anvil) to 30

apply t henusibednade oroa fibenwhereirdoswis not toorredt as issie @ gnalledn and t he

location rﬁ{iiu;s%nﬁh\@ﬁ%hlt}&ﬂ]ﬁlﬂlaﬂ%ﬂ%&. %fhe %rﬁgl[eﬁfré’(fiﬁs ?rtnﬂl N2 ‘ﬂj{lﬁ?éehe advant ages of

t he prese nve e mnimzi e system I npac recal ling that

t he | oss meng lysy oh thetfiben duy wolldhinsur@ et eagy by diveding onsre oledtorent s of the
present invention conprise a neans WO 2005/ 020478, PCT/ US2004/ 020381 16 for

provi di ngh@Aetegions SaeN 8 nrthed iPrefaealiitor PBsErieRs INrtragiids and t hus,

adj u bl p‘%ﬂg ; | i ' ' e, an
enbozfloﬁenc'ﬁ]ao a,zp’i@bg!?&Iﬁ'ﬁ%ﬂ{oﬁx?gﬁgﬁﬁﬁeﬁgﬁr%é@ %?ﬁ’gegfﬁe)géewcﬁr%ent i on may
{conpri se isauel ous fiber bending devices (e.g., anvils), each possessing a 5

mist “be made. S LEPHEERARdPERR Rty wWhBR lod s BRI, fudtafle ol | e
radi us ampiets a¥pHiri MIgh bPEUERENS Bt ofdrateShadr tifs marglh bsthai\powenoul d i npose

nmore | oss on th.e.rgi ber, but would insure accuracy by diverting nore power to
t he det ediugpetssisimacraiive delminimiziedees: dpistich appligaliPis 9 ons in tracing, 10

o 2 SR RonTARERA U 3 PR e BRI FoyneT e 1 055, L2 1"
such as dndiibuscarebe gasily detephed; pevd its nadghitedd maly nopeecdssariigar t he mar gi n of
their IOC)V\rlleered to be accurately ascertained, Thus, to insure minimal loss, the radius of
curvature of the fiber bending device would be larger in order to apply less
loss to a propagating optical signai in the fiber, and thus minimizing the time-
20  variant component of loss. This aspect of the present invention may be
implemented by providing a set of interchangeable fiber bending devices or by
implementing adjustable fiber bending devices that increase or decrease the
radius of curvature of the fiber in the active region via an adjustment. Various
other means for providing adjustable bending radii for optical fibers, such as
25 sliding clamps, levers, detents, etc., are known and such cther means may be
implemented in a fiber identification device in accordance with the present
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
30 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



budgets, it is inperative to mnimze |oss. In such applications, the 15
nodul ation frequency, for exanple fromthe vibrating piston, is well-known
and thus can be easily detected, while its magnitude nmay not necessarily
need to be accurately ascertained. Thus, to insure mninmal |oss, the radius

curv he fiber bending devi ce woul d be larger jn order to apply
Iess 5} %mg&ﬁéopagatlng optical _signal in the fi Sg%@m?ﬁhs mnimzing
t he tlne 20 variant component of | o0ss. This aspect of t he present invention
may be iarpd ewehiangebwapelengii gr instarceoin qunaefmww&v\ﬁ%} bendi ng
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deviceg i Wueg/% bﬁ.@nce with the present invention. In addition, because the
anount  of nd~l 0oSs experienced by an optical signal depends on the
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the frequency. Accordingly, it may be advantageous to set the frequency to

be even lower than 270 Hz while recognizing the prevalence of the 60 Hz

noise sources.

20 In typical prior art fiber identification devices, AC tones used to identify
fibers are essentially modulated at 100% depth (i.e., an on-off modulation at
acoustic frequencies) and are implemented on “dark fibers" carrying no traffic
on live fiber. Such deep modulation, however, surely impairs the signal
transmission. That is, the light lost in impressing the signature fone will

25 manifest itself as an additional time-varying loss, closing the "eye pattern” (as
familiar to those skilled in the art) by that same amount and would completely
close the eye pattern for deep modulation. Thus, it would be preferable to
have only a small modulation depth (i.e., loss corresponding to less than a dB
loss, for example) on the signal light. As such, in various embodiments of the

30 present invention, the light corresponding to 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



of operation, the conventional frequency choices (e.g., 270, 1000, 2000 Hz)
to comercial live fiber indicators are resistant to |light |eaks from
office lights, etc., at 60 Hz and 120Hz. However, since the energy of a
vibrating fiber is 15 proportional to the square of its velocity, the power

consunpt ,*‘%”ﬁ“&ff"ﬁ*@ﬁ tbendi ng devi ce, such as the pi St%mé%lidoz(%ﬁf" e

subst ant y Wt he square of tge frequency. Accordingly may be
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depi cts a hi h | evel bl ock diagramof an alternate enbodinent 5 of a fiber
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(ill ustratlvel
identification device 500 of FIG. 5, the vibrating piston 540 is mechanically

driven such that it vibrates the fiber 550 and produces a time-varying

20 curvature of the fiber 550, and thus a time-varying loss (power variation} in the
fiber 550 due to “bending loss”. The loss imparted by the vibrating piston 540
causes some light to scatter out of the fiber. In the fiber identification device
500 of FI1G. 5, the first plexiglass lightguide 5104 collects at least a portion of
the light scattered due to the vibration of the optical fiber 550 and guides the

25 scattered light to the first detector 530,. The first detector 5304 detects the
scattered light from the first plexiglass lightguide 5104, The light from the first
plexiglass lightguide 510, and detected by the first detector 530, may be used
to verify the presence and direction of light in the optical fiber 550, that the
vibrating piston 540 is operating correctly (i.., that the light in the optical fiber

30 does in fact have an imparted time-varying meodulation), and/or to provide a
reference signal to compare to the time-varying modulation subsequently
detected by the second detector 5i302. 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



10 i ghtguides) 5101 and 5102, a clanping anvil 520, a first and a second
detector 530, and 5302 (collectively detectors 530), and a nodul ati ng
device (illustratively a vibrating piston) 540. In the fiber identification
device 500 of FIG 5, the first lightguide 5101, the vibrating piston 540
and the first detector 530, conprise a transmtter head 502, and the second
| i ght gui A% ¥PF8204%Bhe 15 cl anping anvil 520 and the sBEBHSR00H2631 or 5302
conprise a receiver head 504. FIG!Y5 further illustrates an optical fiber
550. Si m ddjusttiee amplithddéend trekeintquencpdi the vibeationeof 1M vibtatingGistén i n the fi ber

i dentifi ' ' 0 of ElG. 5, th | brating pist 540 i
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t he vi br adrivil520f AslifeadidhEadsdribberwirrOhanbedyibdas sbie cithslightiered 1ight to
the first detector 5301. The first detector 530, detects the scattered
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| exi gl a gl‘&ﬁgé : | r 5301 may be
Esed gto ellplb 3[/ eéégﬁgg@n?dceg@g)ﬁ%ﬁg%é@g?&;% thp %Fﬁgicf&?tgsioﬁgé%pt i cal fi%er
;550,h t hatAd iﬂastratd:etb'rraﬂ?ng amﬁssisqno deﬁé@sl? d?ﬂﬁbeﬁttheﬁglﬁmea\ﬂm tl'wdf(bie_re. , that the
ight in the optic i ber oes in fact have an i rted tine-varyin
m)gul%pt i 0%#) ha&?ﬂi?'ﬁgﬁ AG coMmRpngat 1 'tsraé‘?%'ﬁmég't@@r%hqmqgpt%npare to they °

iy ! . M d d _
(LI me- var ydyagmpmslsicH dflhe gfgg%ﬁ@?gﬁé’a}ﬁ% éf@(gif@ﬁda? Sé)hfnﬁd?fe.d%ﬁﬂﬁé etector 5302

Al ternatively, the scatt y the first detector 5301 may
be used tubratiegpistop H46w nuch power is being scattered out of the fiber due

to the vibrati,g ich may b sed VO 2005/,02047 CT/ US2004/ 020381 19
adi ust ¢ he. ampoRaE. DRGeLa o EGRE R, Toeds fRociee iy B RESTHE vi brati ng
pi ston 5#@hd tmeRhtidiokeattRe spediRy frddlienty inipeitel ®Y tie vibeatingfpidtbe pr esent
i nvention such that a propagating optical signal |Is mninmally affected.
Furt hér i stheedptectionef theorresenserrd thetimeyanéng slgesl@t theimpapads
(presunpty £ i [ ' ent by the
(Presumtitfolel e Seing 30 Bobl e apgRREABr e oo 20 11
of the |iAgprevivuslychtéd ties additioradl defeetor 68@+ enabled thasietextippahdon of this
scattered sisgbnal IS %)Il.ected. . . .
meastrement of the time-varying modulation (i.e., signature) imparted on a
propagating optical signal, the signature to be later detected for identifying a
20 subject optical fiber.
In alternate embodiments of the present invention, the transmitter head
( 502 of the fiber identification device 500 of FIG. 5 further comprises a
clamping anvil to apply a biasing curvature and the receiver head 504 further
comprises a modulating device (e.g., a vibrating piston) such that the fiber
25 identification device of the present invention is capable of being used in either
direction to identify an optical fiber. That is, in a fiber identification device in
accordance with this embodiment, an optical fiber located in the region 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
30 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 moduation is imparted on an optical signal

propagating therein. The modulated optical fiber may then be identified



by the plexiglass |ightguide 5102 and is guided to the second detector 5302.
As illustrated in FIG 5 and as previously described, the light |eaving the
fiber 10 550 has a snmall AC conponent to its anplitude (dithered) due to

t he overnodul ati on of the signal propagating in the fiber 550 inparted by

t he vibgﬁihgﬁ)p'gton 540. As before, the second detector 5302 needs to
detect only é‘g esence of the ti variation at tﬂ%”gﬁﬂ%%?V%lfrequency

imparted by the vibrating piston 7 540. The detection of the presence of

t he ti me-dangiragmsivghalrecaiverhead epthe:fier idestjiicstiey deyice e second det ect or
5302 enab ' L L | of the fiber. As previously stated, the
additiona%C%gtéc{agg?g&ﬁg@B?h@%ggﬁ%hst the detection and neasurenent of the
time-varyi ng nmdigraticcemifodimentssif reapresent invegndion gHe poladzationagfagat i ng opti cal
signal, the signature to be |ater detected for identjfyi a 20 subject

opt! cal {IOBLPTOPRRRG B ARARICRBBE MR REIBHPY Rlec P BEhES AR i on, ¢ he

{1 anss tLRiiRg AbauRREn Mt bieh 86 deflRtdd iidaPedpibaTbBO oG FI G 5

further co ses a clanping anvil to appl asing curvature and the
recei ver éxaaplég e polatitation of dgitrmaese aadifitd| bytdistyrbi gaofalg. , a vibrating

pi ston) such that fiber 25 identificatian devi.ce of the present
Pvent ) orPpEedalR s it B8ing §vays EPhCRg BlrRodba bt Bent 1 Ty an
optical fdHaRges iRk index df Reffadtioh WhidhdgBtriohluk@bingYbydsiteriag thefibgkccor dance with
this enbodi nent, an optical fiber |ocated in the region of a receiver head
nmay be nobSPEEMRYSs GEBY epplying a fiekdthabegunies iectiproaeity i the fibekpfart ed on an

bo. 1 dh I ERPOAPAN Bl ko, FAsTEBRBRAURINEE. T 2L 7Y Cation
{devi ce i rconsidersdiarfee ewaimple, Whenantaxitl rexghetidVi¢le inagpliedty a fiber optical fi ber
e var Ve R ERor Tt S bl v thost no |~
PCT Us2o0h B90b 1 g R R IR e B bR, MRS SR Der -
i denti fi cdrcillanbidgefvingenderis irapartadd drog dinediyhpaidnizeddighb dpplyimg dm al t er nat e
e oo o el P SRR b1 BTG Rggb pd Lt propagating
nmodul at i direehieh ofilanizatien changiet\esiord meansdemdppiying A enagpictic asldf | ber . For
such as a solenoid, to a fiber carrying an optical signal to produce a time-
varying modulation in the optical signal may be implemented within the
concepts of the present invention. The inventors further consider and
20 propose that the application of an electric field will have a similar effect as the
application of a varying magnetic field as described above. As such, various
means for applying an electric field to a fiber carrying an optical signal to
produce a fime-varying modulation in the optical signal, such as by adapting
an optical fiber(s) to comprise electrodes, may be implemented within the
25 concepts of the present invention.
For example, and referring to Figures 1, 2, 3 and § above, a time-
varying magnetic field may be applied to a fiber 250, 350, 550 in place 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
30 of a propagating optical sighal 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) {o enable the detector to detect the
polarization of the modulated propagating opfical signai. In addition, the
detection would be configured to occur at the frequency of the time-varying



exanpl e, the polarization of light may be nodified by disturbing the nornmal
propagation of light in some way, introducing birefringence in the fiber

(i.e., changes to the index of refraction which are non-uniform by
altering the fiber in sone way, or by applying a field that couples to a
property in the fiber. For 10 illustrative purposes the Faraday effect,

caused byVIHYHBOIE fields, is ( conS| dered. For exanBCEUSIEIRMBY axi al
magnetlc field is applied to a fi bef! bogﬁga gt an optical signal, it makes
light wi t magnefigtfield. rlevamiuriper, i aliemnateren gAtgOf the RIESENdrent vel ocity than

| i ght t circul ar

b: ?ef rYMng@H%@Oh &hﬁlgp}r@fhg% I@?}'ﬂ'aﬁﬁ%éagtﬁef'\%%ﬁgﬁl?ﬁ'@hﬁﬁ“@énh@ Py: nguan 15

i ect ?‘32”2?"’“‘3? Eﬁr‘z"‘s“?o‘ﬁ“i"ﬁgm “’a”*“?ﬁ?@?é”ﬂ”g?ﬁbe *‘“g“a.bné,“ir monetic.
field, g’é‘gaetgoﬁ’bﬁﬁﬁ' embpa%aenﬁ {etbeé’éﬁ'stei) W&e%tf?"ﬁﬂf‘)gé # signal to produce
a tines vgaaéhfhg;fe Tethe tinRvarfink Pslotble® ay BeRBbIUERY vith verpligeent ed wi thi n

t he concepts present t|on e i nvent ors er consi der and
20 pr oposless biath thhkthepomies and cﬂnqo@ncafmfal ;zfopagailng iopticklsignial indbe a sinil ar

e cuch. U oS suESentl e SRl B AR R foredr Bl 3T s car ryi ng

an opticathgigesal to produce a tine-varying nodulation in the optical
signal, such as by adaptin an optical fiber(s) to conprise electrodes, may
be i npl enent edt stiauid ‘Pﬁﬂﬁ*@ “@dﬂhé’iﬁtéﬂfﬂbﬁhlﬁﬁépmbéfrﬁ propagaingon. For exanpl e,

and refer O }h(’a% magnetic field
may bgéa %‘?tl&ghé Qnaﬁ ol &t&%theﬁg@iﬂﬂgﬁ [ n%?Pg\?gé g@mg%QWD%I ation provided
7{3% thfe Vi bugﬁﬂmgwcenﬁﬂmpr@d@]t IMEO@?S tihe d@hetstarl:e oﬂﬁtﬁlarizaﬁﬁﬁ,asSBO vvo]thI d
therefore apt e etect the an I.n_the rization 30 of a
propagatl‘}’i'&%éfﬁgﬁngﬁnces#Gn S 18 A /IgeNSPIB Of | ?@fbiﬁfr@gppgé)r ﬂ%@%‘@%o 550. For
exanpl e ig @Jl%@@l?@ib@#éﬁce@fa dHiad erﬁ%%lty'tﬁft’%éé ABk urﬁieﬂ@gctor 230, 330,

530 is eqw pped wth ol ari zer s to enable the detector to detect the

pol ar i zat ¢hangefn ihetateefiiclarizatipn.o paes @i fivgr slentificatiosdgwige. 1 n addition, the

W0 2005, 0Bbdads rER ba b e el oM R et ey i

al t er nat eA¢ st itn@intgorint thensoretrbthe bn@w@teh@@ appligti dos igehbegs and
apparatuses are inplenented for identif an optical fiber using other
types of hpFeM@:state s pelarigatianRfempEPagy %@lcal signal (i.e., the fiber

may be bent or twisted, or fixed forms may be used to create a polarization
controller).

20 Although various specific methods of imparting a time-varying
maodulation on a propagating optical signal are presented herein within
specific embodiments of the present invention, it will be appreciated by those
skilled in the art informed by the teachings of the present invention that
substantially any method for imparted a time-varying modulation on a

25  propagating optical signal in a fiber may be used to subsequently identify the
fiber in accordance with the present invention. For example, there are a
number of non-linear interactions that may shift the frequency of light, and
such interactions may be used to impose a known frequency shift on a
prapagating optical signal in a fiber. More specifically, several optical sensor

30 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



squeezing, etc. These enbodi nents of the present invention have the 5
advantage that the tine-varying "signature" may be introduced with very
little |oss such that the power and frequency of a propagating opti cal
signal in the fiber remains substantially the same and only the direction
of polarization changes. It should be noted however, that with this

appr oach W9 2850 8agati ng 10 optical signal, while BRTESIAHI20IE regi on of
the fiber having the tine-varying %irefringence of the present invention,
has the spiparietidlye/abupaleans zaich@s sasusticheriy srefcousigeraesdlces, it is in an
ei genstate of the birefringence), the@gﬁti cal i mer el épexperi ences a

| ) si gnal
change i ninaA4dgion: §thelMeapeSUsBES Gt %bat%ﬁﬁﬁﬁ?e'%f-)a“'?%’ DRYPE of
pol ari zat | i iidd LORsdevi ce 15 configured to detect a
change inf%ggﬁggﬁ) grr?fd\ll/{gﬁ%élfgéh hlﬁég?g{et%rggttl&ghy change. As such, it is
i mportant to eirepresertatventien biayelsad beyesesido astabiishilogsabcondinuiave  t he sane

be- bert - o RHiseShy SpRling DR eanalyt e RS SENeAe e ar i zation |

cont rol | eglampl, A BBty 2 highusvet BRek Hisgrai bha passife bpiai ti ng a
time-varying nodul ati on on a propagating optical signal are presented

her ei n wi néfwark E68). fThe RENEDOed Q. beomprisesrandaput brandi0b®, it will be

o esont || TOUALARE fabiaiy Boutitifndleh 10 IFE oM IR SRS 2% - varyi ng
nmodul at i orapohes ()P Tap LI 60Q obPIG. GXurtisérgoaiprises a fibebigentifiatipe used to

subsequently identify the fj be{’] in_accordance with the present invention.
For e}anpieVice srapRiisiia Hansiniteeheas: 64{band feseiyer head®2ini ons t hat may shi ft

the freq“&élﬁ)‘qé?ke'm@ﬂhe P?é’s%nt myéﬁ}iohf‘tlﬁ&%%bﬂ%ofm}ﬁr@%,L@ﬁ@'fr&uﬂ i npose a known
frequency shift on a propagating optical signal 1n a fiber. Mre
speci f i catheyunk &0&riadividpdiintalthes eutpol bradchesd 19iapddtansmittaslstoi ng t echni ques

i npl ement _the .i.nteraction of acousti.c ves. and |ight inmpart a frequency
St TheeSEeting LSRR (neheRRAY; SiqhAfllEnin PRdum Mo bERE 1 o cr eat e
l'ight at gRidhédsas combienisiteltiupi 06MEeRRsMRted bAGR fo SMebientin frequency may
be subsequently detected to identify an optical fiber in accordance with

Lhe pfios ot stiavent ICoRtingiyce comeejiniasiion diaes theyiead cape s 020478
PCT/ US2004( 02038122 [ SRAEHE Gt dfREIH TR ARmgtHE BoRepREGHAL T © horns or

acoustic transdicers:
present invention in much the same manner as described above. For

example, regarding point X which is on the input branch 602, and point Y
which is on one of the branches, the transmit head 640 may be located near
20 point X and the receive head 625 on point Y to establish that light was
traveling from X to Y or vice versa. This might be useful, for instance, in a
( situation in which the fiber Y were one of a multiplicity of ﬁberé in a closet, all
carrying traffic, that might be otherwise indistinguishable. As such,
communication may be verified without the need to interrupt the operation of
25 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

30 foliow.



In addition, other neans, such as a |lithiumniobate phase nodul ator, may be
i npl emented to produce such non-linear interactions. The present invention
may al so be used to establish logical continuity 5 through devices by
separating the transmt head and the receive head. For exanple, FIG 6
depicts a high level block diagramof a passive optical network (PON). The
PON 600 of FIG 6 conprises an input 2Z¥anch 602, a trunk 605 and a
plurality of output branches 6101-610N (collectively output branches 610).
The PON 600 of FIG 6 further conprises a fiber identification 10 device
conpr i ¥hayis glagmethisini tt er head 640 and receiver head 625 in accordance with
the present invention. In the PON 600 of FIG 6, light from the trunk 605
is divided into the output branches 610 and transmtted to subscribing

cust onkr s (AaietisiddenidentSiymganoptical éber, compiiend:or m of 1ight) fromthe
custoners is caonbi ned i.n #he.trunk. 605Q5ﬁli’ld. transm’tt.eﬁ bacéﬁto a.head end 15
(not shown) MPESIREMEARICALEY ReRiRRY gMhaliop REEAN PECH SIEFaLATEPARANY He

cust onpioptRYl fserVpdi fied in either direction inplementing the concepts of
the present invention in nmuch the same manner as described above. For
exanpl e, r edgtacting theppa¢sance)olspiddmpartedgime-piaryingpoadubption éhideuy saideppesilnt Y

whi ch hﬁerpn one of the branches, the transmt head 640 nmay be | ocated near
20 poi X and the receive head 625 on point Y to establish that |ight was
travel i ng fwhdreiX skid iMp@ting heedatedtting do Tbi intetiughihe Peopagafonlof sfidbptidast ance, in
a situation in which the fiber Y were one of a nultiplicity of fibers in a
cl oset sigagl F‘lonééﬁ‘lﬂypﬁﬁjlﬁpﬁffi c, that m ght be ot herwi se indistinguishable. As
such, comuni cation nmay be verified without the need to interrupt the
operation of 25 the PON 600. Wiile the forgoing is directed to various
enbodi ent sTief methed pf dasient, whemie pdid ime-vatheg maddatier is eparedivodaidentisal of t he

i nventi.on be devi sed w thout arti fromthe basic scope thereof. As
such, f‘ﬁ'éalggé?ré’mgiaaRYBPCrE‘)’CQfﬁ%’dd’PUFﬂgl%?hﬁfe%é}ﬁﬁ}?“i UM$ pe det erni ned accordi ng
to the clainms, which 30 follow. 23 Wat is clained is: 1. A nethod for
identifying an optical fiber, conprising: inparting mechanical Ity a

ti me- varyi nfheyetbpdef daimohtvdhesgin e privetare ofiag lrabt apospagefispidgpiisal fibai @ opti cal
fiber; vﬁ‘ﬂ:g as a function of time such that a time-varying loss of power is generated in said

propagating optical signal.

4, The method of claim 3, wherein the curvature of said optical fiber is varied by vibrating

at least a portion of said optical fiber.

5. The method of claim 4, wherein an amplitude of said vibration is small compared to the
average power of said propagating optical signal such that said propagating optical signal is

minimally affected.

6. 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.

7. The method of claim 6, wherein the frequency of said propagating optical signal is varied

as a function of time through time-varying non-linear interactions.



detecting the presence of said inparted time-varying nodulation to identify
said optical fiber; wherein said inparting and detecting do not interrupt

t he propagation of said optical signal along said optical fiber. 2. The

met hod of claim11, wherein said tinme-varying nodulation is inparted on said
optical signal by varying a property of said optical fiber as a function of
time. 3. The method of claim2, wheredn a curvature of at least a portion of
sai d optical fiber is varied as a function of tine such that a tine-varying

Iosso rated in said roaatln al Si

met hod of c |Wt§§£€§f;éar‘ n“f}}‘féen&ﬁﬁ“élﬁ‘?‘ﬁrg g%oé‘l g ?E%CI“(’P?H&“eagdvarl ed by
Vi br at jhAfligh @e ih@ARtioRo PRLLRWAks Sith dai@ Pkdpagdtinig o?ﬁéal sfznalliiQai@bhicagd of claim
4, wher ei n an anplitude of said vibrationis small conpared to the average
power @ersai d propagating optical signal such that said propagating optical
signal is mnimally affected. 6. The nethod of claim1, wherein said
time-varying nodulation is inparted on said optical si gnal by varying a
frequepcy ofhesadthodsfapdmal,iwtgraptdid eine sagied mbdulation ie tngsted ohusaidtoptieal of

time. 7. The method of claim®6, wherein the frequency of said propagating
opti catigngl §rasoyree osldeepticalsignal. ynction of time thr ough time-varyi ng
non-linear interactions. 24 8. The nethod of claim?7, wherein said
time-varying non-linear interactions are created through the interaction of
acoust & wallesnethedofsddioh Qrdpseamsaihmeyaiyded mgdtdman is impraied ooseidoatical f i ber .

9. The_.net hod .of g nodul ation is inparted

on sai HEGPHE %Pter@?ﬁﬁgPoﬁyggwggh?pélé%oﬂ)egs IPc? b/%tg signal . 10. The nethod

of claim9, wherein said tine-varying nodul atl on is inparted on said optical
signal at an internedi ate point between optlcal fibers in a fiber path. 11.
The meihod e rwb@c}wflclalfrulr ipdier cemprisiag brydingfaidmptisaliftbebpich dhat lightder such

t hat %ngé agm ent Itﬁ?&etg eﬂ%le?ﬁldﬁ%f{r{g i ber to enable said detecting. 12. An

appar at us ying an optica ber, conprising: at |east one
nndulating deV|ce for mechanically inmparting a tine-varying nodulation onto

an opt | nal in said optical fiber; at |east one fiber
bendi ngf v‘g’&g E%%EH% %y%adl@ﬁf?lg-@lepﬁ'ﬁ@w%%ch that at |east a portion
of the Opt'eﬁ%astsdngQﬁédu’la‘%m@@@@ﬁ:@fo@%e@h‘&m&ily%ﬁbﬂ'tlf?@ﬁ'ttﬁféWaHxﬁ’@ﬁmd@l%n at | east
one detector, said detector receiving the scattered port’ion of

onto an opncal signal propagating in said optical fiber;
at least one fiber bending device for bending said optical fiber such that
at least a portion of the optical signal is scattered out of said optical fiber; and
at least one detector, said detector receiving the scattered portion of
the optical signal for detecting the presence of said imparted time-varying medulation to identify

said optical fiber.

13, Theapparatus of claim 12, wherein said imparting and detecting do not interrupt the

propagation of said optical signal along said optical fiber.

14.  Theapparatus of ctaim 12, wherein said optical fiber comprises a plurality of

interconnected optical fibers.

15. Theapparatus of claim 12, 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:



the optical signal for detecting the presence of said inparted tine-varying
nodul ation to identify said optical fiber. 13. The apparatus of claim 12,
wherein said inparting and detecting do not interrupt the propagation of
said optical signal along said optical fiber. 14. The apparatus of claim 12,
wherein said optical fiber conprises a plurality of interconnected optical
fibers. 15. The apparatus of claim 1225 further conprising a control unit,
said control unit conmprising a nenory for storing information and program
instructions and a processor for executing said instructiogns to configure
t he appar at {iRPaftRgRdimey ryingdnedudgsion gpto thesopticalugnal prpragatingdo gaid gpticg!
nndulaﬁbanmﬁnto the optical signal propagating in said optical fiber; and
detecting the presence of said inparted tine-varying nodulation to identify
sai d opti cadetecting dre. prdncelifeaidppparsddisnoargingimodufitionte rdentifysaiddptoatt r ol
unit ig further adapted to cause a source of said optical signal to inpart
a tineivﬁrying nodul ation onto said optical signal. 17. The apparatus of
claim12, wherein said at | east one nodul ati ng device conprises a
transmtter head and said bending device and said detector conprise a

recei v&. heblek apparatupiof clappd f avigseip said cantral urit isfvetheradapiad & causmasautcer head
further, compri ses a; bendi . deyi .de ] .4 receiver head
Fur t nopt BrgrieER BREHEY e Bo%y BSEhEC 180 AR ST o T2
wherein said nodul ati ng device conprises a vibrating piston and said
vibrating piston varies the_ curvature of at |least a portion of said optical
fiber &5 a heARPATAHIS nglatm e whreein sd et lgagtopp medylatingydqviseLogiPristiiier i s

gener afr%rﬂi@er%é@arﬁ&ﬁﬁﬁ%ﬁfn@%e@i_@é hfPdaid ®@Rlcompflse ARCeidBNRRAL US of claim
12, whereln said nodul ati ng device conprises a piezo-electric transducer
and said piezo-electric transducer varies the curvature of at |east a

porti on, of id optical.fiber, as a functi.on of  ti such.that a,.

PP e vy oot paaf ofslaip 17 ovRn S AN O MR p SRSt BbsRine s gna
21. Thgedgadatdéfect afd siditebeivereed Rirtheb@intbristPLmob@BEh @ vilRyi ce is

adj ustable for varying the radius of the bend on said optical fiber. 22.

The apparatus of claim 12, wherein said fiber bending device conprises at

| east ppe flg% araﬁ.g off%?&imwewﬁe‘?&f}%giﬁ%dﬂfatiﬁé AL omprked Dol REBstH N9 at

| east one |1 ul or guiding
and said vibrating piston varies the curvature of at least a portion of said optical fiber as a

function of time such that a time-varying loss of power is generated in said propagating optical

signal.

20.  The apparatus of claim 12, wherein said modulating device comprises a piezo-electric
transducer and said piezo-electric transducer varies the curvature of at least a portion of said
optical fiber as a function of time such that a time-varying loss of power is generated in said

propagating optical signal.

21.  The apparatus of claim 12, wherein said fiber bending device is adjustable for varying the

radius of the bend on said optical fiber.

22.  The apparatus of claim 12, wherein said fiber bending device comprises at least one

anvil.



scattered portion of the optical signal to said at | east one detector. 24.
The apparatus of claim 23, wherein said |ightguide conprises a plexiglass
| i ght gui de. 25. The apparatus of claim 12, further conprising at |east a
second detector for detecting said tine-varying nodulation near the point
of nodul ati on such that a subsequent downstream detection of said

nodul ati on may be conpared to the nod# ation detected near the point of
nodul ation for the identification of said optical fiber. 26. The apparatus

of clajm 12 _ wherein sajd paratus is .inplenmented to .verify..co ni cations
bet weof-at - TEAPPRHS poleie S i Bersauer ol BHERL AN N RUPR orabdiIRE D Car at us
for 'dﬁiaitérﬁ&l)@ﬁoﬂﬁfﬁiéffdpﬁédlsf HIab saifl @MRAdt Shd@étecdorreans for mechanically
imparting a tinme-varying nodul ation onto an optical signal propagating in
said optical fiber; a nmeans for bending said optical fiber such that at

| east porti o I I ly: | . . i tical
fiber; g%nd gﬁen@g%%n%%?cggﬁgg’f@%éb %@%‘Igétggﬁ%gb%@ Flgegiagﬂ‘%xﬁ%gsrstﬁ %h%[ulﬂlﬁe varyi ng
nodul ation to identify said optical fiber. 28. The apparatus of claim 27,
further_conprising: a_neans_for guiding the scatter ortion of . sai|

opti calsig appaTaiod SIS, 1Bhet camE sﬁbl.easzg.sewngg'g@ewr fog e ying at
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| east a ,portionof a respective optical signal is scattered out of a
r espectiod até‘ﬂ‘[ﬁ%ﬁéhe 'fl?%'gﬁc?tg)oé]nq{lsgﬁolpgﬁaégﬁ%e detector, said detector receiving
the scattered portion of 27 a respective optical signal froma respective

optical fiber for detectlnq the presence of a_ respective nechanically
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i mparted on “each "of Sard respective optlcal signals By a respective
transmtter. 31. The systemof claim?29, further conmprising a plurality of

nodul atji ng devices, each of . said devices acting on a respective one of said
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claim 29, further conprising control unit,” said control unit conprising a
menor y pfopagasing in sad epifcel fikgri on and programinstructions and a processor for
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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.

28.  The apparatus of claim 27, further comprising:
a means for guiding the scattered portion of said optical signal to said means for

detecting.

29. 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
a respective one of said optical fibers for bending said respective optical fiber such that at least a
portion of a respective optical signal is scattered out of a respective optical fiber; and

at least one detector, said detector receiving the scattered portion of



steps of: inparting a tinme-varying nodul ati on onto a respective optical
signal propagating in a respective optical fiber; and detecting the
presence of a respective inparted tine-varying nodulation to identify said
optical fibers. 33. The system of clain132, wherein said control unit
generates a control signal for causin respective transmtter to inpart a
ti me-varying nodul ati on on respectiv optlcal signals to be propagated via
said plurality of optical fibers. 34. The system of claim 29, wherein said
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opt i Cajesfech® mechanically imparted time-varying modulation to identify said optical fibers,

30.  The system of claim 29, wherein said respective time-varying modulation is imparted on

each of said respective optical signals by a respective transmitter.

31.  The system of claim 29, 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.

32.  The system of claim 29, further comprising controi 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.

33.  The system of claim 32, 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.

34.  The system of claim 29, 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.



