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LATENCY MEASUREMENT | N OPTI CAL NETWORKS BACKGROUND

Optical communi cati on networks include various optica
wemmwokEs3s or nodes coupl ed through a network oPCDPE2008h84170

fiber links. One conmon nethod used for optical

conmuni cations is a synchronous optical network

(SONET) . 19ONEN CREVNICRBUENAT INOPTIORLINESWORIEPT | Cal

rings with interconnecting nodes attaching to the

rings. In common SO\IETBAQK&QB@EMb i di recti onal

line ch r inter ctin

t he PR EmiARAEa ot IR Ponb PUEHE SRGRS o fogs coupled
througteP agvioyk dfopicBAN=T liIARS. VOhKcdlyioR enctitenRas ﬁfi optitd @Ynmunications

Incurring additional installation costs by

is a sypghionpresitiegl raVeIk SONS Tgn HONIGhnefwerlss aig p@erf pesaprised of optical
rings %tlhnqgte c%{ﬂlé%lﬁﬁ% W%ﬁa&%ﬁéﬁm\y\g‘ﬁg% i) c%hlgﬁﬁ[ §BNET networks, a bi-

tiplexing nor e

directiinghiddessvaiteh riey (BIER )Gy ededtfbeinsacmnntitivgrthe ﬁﬁgd‘lalﬁihﬁfdbmgfthe optical
a portion of tinme. Another nultiplexing nmethod is

netwq}(}ével ength division nmultiplexing (WDM, in which two

Si nu@&?yﬂ%fs%ﬁ%ﬁp fn mﬁm\k}érk(ﬁl r#m&ﬁgreagﬁ without ncum

t ane carried over a co ve engt
additidnaliissta lation kcostpberuftgpleang Hmtthlcmlgneﬂs bmtb ersirglaﬁherllmbﬂgsfarious
bandwj dth inta .nul tipl.e .ch i din
methqdt e fmsetabe sruB SeRanTaRh s adk vl Borag ol Hgpals are
carric8 698 B8 saMOFbAS cabBh&MANSdrSion bi"ﬁﬁﬁ@g fAn@tHee fRMifIsEng method is
referred to as dense channel wavel ength division

wavelngthldml@mn ngﬂtq@vmw (WIDM x i whighitweloy magewdifferas wanelengitls of light

are sidd ltgﬁjko)St ant i all ¥ Jner easi gg t el ecommuni cati on capacity
DL OBy SETISY OF PieOIRPT 89 ansmi ssion lines. In a

VDM wetwenkh dopdibe ﬁiult‘qﬂ@ﬁﬁé SarQdepshiafel £fibary aveil®le@tifvedth into
are conbined onto a common fiber-optic |line or other

multlﬁsphwelsmwan&i@néwﬁh Hite pudtipde é@eréﬁfafth@an% aheh 45t 4 6, 40, or

even %s:}ﬁa h 5 'rl\éloqsﬂ%%ne% éhé){e]pﬁrgg@&%k%e?ttg Eﬁlg ?en%@%eﬁ%ltefﬁg%%ngth

diVlSlald ﬂﬁﬂtﬁplaﬁﬁig (WDME nﬁ atdlaivedf lo\ABM;ostt hethodaxdBulastanoiptly dredrcasing
gnal s. has increased,.significantly, with it now being

teleco&gggl}lﬁqt@ntcap%qtgﬁlémgtexgﬁn% FreRnticdiagpaIssiep dinfe oisy WM network
opticdt Qgﬂﬁlswﬁﬁ%tn Rx%%leh tH¢ afd! c%ﬁ{bﬁﬂeg%ntéé 86 hon ﬁbler optic line or other

neration Latency” refers to the tine d
optlcaﬂ) etanegndamdpter el scpirged lagpin dpadgat indiyidual sgegds otheéhannels at the
nal .. Accurate | atency

net Kk d f
Oppo%ggmgr ﬂ@‘%ﬁ%&é{ ertﬁ‘gg%glis 1G%¥0Kper at ors and

subsw/ihRRE 8dveht ARt infpRdmRARAIIE VB, ithEfeacKBOYMtichBdi@DtVhas
measuring systens are based on a sum of known

increqsed sigpifisantlyt, withgtmep being possallp to transmit an optical signal from coast to

coast without requiring electrical signal regeneration. “Latency” refers to the time delay
between an optical signal propagating through the network and a reference signal. Accurate
latency measurements are beneficial to operators and subscribers of optical network services.
Known latency measuring systems are based on a sum of known latencies attributable to each
segment or element in a transmission line. Unfortunately, latency values for many optical
components are not known or easily identified. Additionally, determining latency across a
number of network links by summing known latency values for each component in each link

typically does not result in a suitably accurate latency calculation.
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segnent or element in a transm ssion |ine.
Unfortunately, |atency values for many opti cal
w@oimposesnt s are not known or easily identifi edPCT/US2008/084170

Addi tionally, determ ning |Zatency across a nunber of

network |inks by summ ng known | atency val ues for each

conmponent i n BREF DESKRIYPIGRIOYTHRERAMNGESUlt in a

suitably accurate Tatency cal culation. BRI EF

DEde:ng isoNblayk dirgramRAVINGSE Rh gxemplaty @rmn@mrzatmnagm@m in which
systern ; g(ﬁglg@éiisg%égﬁteﬁ%( rfﬁﬁt%g%mggl{éggrg | %er%%rlb Qﬁﬁ%&ﬁ ‘inay be 1rnplernented

i rrpl Bgem tsal blo¢lsdid@any dopechtinalyellnstimivi Reate g reemotieg system for use

g[ i s a block diagramconceptual 'y illustrating a

mthelsﬁﬁi @Tﬁ@ﬁFﬁdsurl ng systemfor use in the systemof Fig.

1;

one. i oo bR e AU HAL b iEhation of the
latenctyoméasmﬁng:ﬂogl ofXigHl,; gS 4A and 4B are bl ock di agrans

I | l 1g§ JA %gd éﬁg @rnwﬁ%p n‘g qﬁﬁ%aatéllgggxéng)ﬁ t:z}glpl% telntatllons of the
Optlca!llrﬂoldﬁfaE&tdeFgg lhatency neasurenment techniques used by
he T atency heasuring tool of Fig. 3; Fig. 7 is a

bI ockigsliSeegwdamart: igkaphs rlhlstratg@lateagsempamqmefm tashnigacreised by the

at enc suying tool of Fig. 3; Fig. 8 is
latencgﬁ%?aﬁ%qn%@ﬁkﬁﬁﬁ bl ock di agram depi cting exenpl ary
conpEBentss Klhckt dﬁﬁ%ﬂaﬁi B0GYatINE A8 Uk &RBREy fr&@padél ofi |t193~ laRncy
and Fig. 9is a ow diagramillustrating exenplary

meaStHrI@d@@lsifnggf%r measuring | atency | n the systemof Fig.

2 02 ) BB e Bl e sparonns o

latencly@hdagivien@nickebbofi Fg Hasgri ption of inplementations
consistent with the present invention refers to the
ac c o ah P anfdova fiagr amgy sﬂusfrwélgseaﬁ@p}aér BISREIQRB8AwIring latency in

t or SI ml ar
the sy ] GTETR'2 (i 0 R b BB Ot Tt on
does_ ndilEirAIm'ElD DIE/SCiRﬂHE]QN OF PREEERRED EMB8OIIOHENDS
iU G P B B0 R o B BB RS o prsen

1nven’§§rp%%r§ tf@e %Eédﬂ%n?ﬁ@%ﬁvlﬁQQVTl'ijeesaﬁle'ertréncé %gﬂi%&ts in different
| at ency neasurenent system and nethod for enabling the

drawingst mayrideatifyahe sanoe omdimihiaglements. Also, the following detailed description

does not limit the invention. Instead, the scope of the invention is defined by the appended

\J

claims and equivalents.

Systems and methods consistent with aspects described herein provide a multi
segment latency measurement system and method for enabling the determination and calculation
of latency values associated with an optical network or a portion of an optical network.

Fig. 1 is a block diagram illustrating an exemplary communications system 100 in
which systems and methods described herein may be implemented. Communications system
100 may include multiple sites 102a, 102b, 102¢, 102d, and 102¢ connected together by links
104 and 106. Links 104 and 106 may be implemented using electrical cables, satellites, radio or
microwave signals, or optical connections and can stretch for tens or hundreds of miles between
sites. Through these links, the communications system 100 may carry data signals among the

sites 102a-102¢ to effectively interconnect data equipment 108, 110, 112, 114, and 116 (e.g.,
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of | atency val ues associated with an optical network

or a portion of an optical network. Fig. 1 is a block
wale@gnsesrs | | ustrati ng an exenpl ary comuni cat i PEEUS2008/084170

system 100 i n which systens3 and net hods descri bed

herein may be inpl emented. Comuni cations system 100

cornp{ﬁ%bé tonedteibemmalst sdb&s Sdid g SinkBeBase b ZBer %@%kaﬂ- Qdeh hﬁlﬂ@ g., links

102e connected fogether by |inks 104 an Li nks

104 allcbho@mraylmowﬁgu@ t¢ Wmmemgf h@hép@ﬁﬂt(mged@ gigabits per second

(Gbpsgf)1 n%g?tloglgnne | %\ﬁn WanleIg%t lelSl an %n D exng%{;\@ bill) t%chmques

In sorhe/alsledsntefiony] ligls lpgtanga06 Sﬂaty&& bldi’ﬁftmighhmsiﬁlﬁhkhﬂkﬁnk providing
t he comuni cati ons system 100 may carr¥ data signa

one omeifcheRrels inteppositditertions &1@11641?6@@%11/ v ARy ey s é@{l and 106

may b%%?dneegg%:ﬁg%sé %Q‘ﬁl éé%lgmtgéc}%nnel% '0 ?gg‘{/eﬁhgctlons to eacq other. One

or motrdiénisaldd anfl 106 deut cmptebtctwlol ditks mag &e koll¢ankelfyaeffrred lto aks ‘span 118.”

Each %ﬁ%ﬂqg gréaélgg%lgga 1¥1upc ggﬁé gl%lgndtﬁt@(?upﬁggt\élggt %y é?l’?lgl‘{ts (s)uch as
opticat Qﬁ?ﬁﬁgﬂs %/(H’é% ltifﬂ'l%s M‘é@&lﬁg 9tcRarfieViosd Rk, ete. Further, span 118
mul T1 pl exi ng techni ques. "I n sone

may ihetpdeme hipht pamaigel lihkslogndrodscaratkib@@ndayarb eafizicdy.ect i onal
I|n ch link rovi 'n ne. or .nore channel s
" koLl BB A SR g s 1RES, RARROE System 200
for usl: hr[‘ KsmhQficaishs 50&emayo! b @n thaiceiboBihdr@Bakig RNkgencEdelsurement
provi ding channels in opposite directions to each
systerp 2@ maydpeliore megseramank et aiwaklanenany menber oh fibet scements. For
S I
exam@acah sggg ﬁ r?ﬁ 9 la%?llé% %%%@ﬁré’rﬁ% % ﬁ%jm:ﬁ%e ray?gmﬁ%?é{‘laéé%i?y

meaSLﬁ”é)MBﬂlt&‘dr ] ﬁgﬁtsb@témbnccﬁb@tﬁﬁﬂg 8 s@uh‘haﬁﬁboaﬂd ﬁbéﬂ 104 and a north-west
ifiers, add/drop multiplexers for adding a channe
bounq %beé 106 hat inglydes gy pypaber @ﬁ&h SegBCay i ncl ude nul tiple

par a)\%ﬁius‘!rét@%%at‘éﬁc &{GfEen slﬁalrﬁ] 90 1@1 y?ﬁ"f’ﬁ(ﬁ B\ %ﬁ?ly }néasurernent

a ram corrcept ua strat
tool 2Datsenmyeaﬂelmmd iftbgr 5045 ts@rth—%@ﬁ rémnﬁgsmblempuoaimdd/ldm mohl'@lexers

oA bhotobc e D SO0 st G0 DEH poup-cast optica

arnphﬁ@tts'2q % 21 &4 RBAYCLRRY;, néﬁﬁﬁéas@%tﬁdab%pl%ﬁ&ﬁ@% §;a 5@{) back jumper
exar‘r‘p , as shown i'n atency neasur enment

220, apyoptienal 2p0catamplific Ilftean@th -acsiioyndrébeuldneorth-fvest ROADMs 225a,

2250, S35 B O ER: b B £ PR 206 “bhat T Rer L gapplifcr

230a-D30H@Rb11&ti v Iy N ¥n cFRIRBA bpticahamblifitis B8t )e dn at Rk @IMEY with embodiments
measur enent system 200 may include a | atenc

descrippdBere@mneher lergshs @@weersl&%lﬂl\é&%w/ Bousml ¢Ht1§'é¥anﬂd2ﬁef 5 215/230 may

be refr%u?%c{ !.&pﬁ%gité?@%)éﬁ&‘?@a a39 Bg }%%%;Dan ?lg 1%@ and eight optical amplifiers

215/28€ efel iBgdtiavel iyt Fig. Q0 ittshowla bt uRQALIYEd &ik0any sus@bleiruast of fibers may
optical anmplifiers 215a-215d (col ] ect.ively,
be SWltgkeﬁsitlﬁ agepsdansp tiGambdpNeTts dessribedshoreing | gop back

%?agog Hn c% a%@ll n%%dr‘éﬁlent%f&'zofs' R&%@R a tgnable optical

nor oun I ber” 106, north-west
signal for addltlon to an open or available channel in south-east bound fiber 104 via ROADM

210a. The received optical signal may pass through various optical elements, such as optical
amplifiers 215a-215d and ROADM 210b and may be removed from south-east bound fiber 104
via ROADM 210c. ROADMSs 210 may be located at various positions on communications
system 100, such as at different sites 102.
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225b, and 225c (collectively, "north-west ROADMs
225"), and north-west optical anplifiers 230a-230d
w@ cablogasrs vel y, "north-west optical anplifier sP@B0%008/084170
In accordance with enbodi nehts descri bed herein, fiber
| engt hs bet ween ROADMs 210/ 225 and optical anplifiers

215/ Xﬁﬁhoﬁ%%gl@@r léﬁ%tﬁ 56@H-h& RendfibSECWABRLy inchldE BAKE optical
only six 225 and eight optical anplifiers

ampllﬁilsflé 3024 dfar Iffllqylsttatim otig |hﬂu1Flﬁlgthszof Qpﬁlcelhfdmrﬂj H:reor to the introduction
of WIHIOH ?}8 a? 8gwor STC }(edsauslei%? ?L ele ltlrlc&t(?rneéﬁlera éo I?SO kilometers.
SW escr

ed i'n acco an e

Traffib@h@héh fibdt vaptd Bé cavertédifiahl the bt @hdymiamaas ttfeedlramﬁcat d@fham and
205 may output a tunable optical signal for additio

then regengrptéshion thermestwin a Bpac wanphidiers 2 Sagl p ¢ max de ug%hdfeamphfy the
channrengtl)%r a WM iRy caP aoma—lﬂgmﬁfo‘ﬁ?fh\é%ge R decﬁlu}‘%ﬁageg{] Bnvert to the

pass thTOU varl ous OptIC enents, Suc
clectrpl dlcﬁﬁm almmlllldwﬂ[lﬂl}zﬂlﬁaesg Hredinalnde dROARNE . 2ThCine amg] emeeptalien, optical

ut h- e st bound fi ber 4 vi a ROADM
amph{ii%g %f@az B SPASY 6@%@3&%& e&try\}ﬁg‘? tstvt%mﬁtseiqrisenélthough only

four O%Hcaﬂ %m%‘ﬁﬁ'efs% HRBR sV 881 1645 A6, 8hy ﬁltlﬂlf)éarro? rdbtlcal amplifiers
As shown, fiber [ength south-east boun

may Helsbppormﬂzto rﬁ@yhtateatammlssuev ef aptlcapslgnds bawpbm RlCe’déMs 210a and 210c.

for C|I|t ti | en .of )
The offic safaremarel Tomgh it thouii tpPeHlamRoR BR ifipgp avaitabie
chann@Pér Ath-ReEWRILKS ﬁbﬁqlﬂﬁﬁzdlo@p sagafudiRr 2@ hﬂ'lﬂt@écessary, optical
regenerator every 60 to 100 kil onmeters. Traffic on

amplifigichl 5¢) ek RN 288a.c oRvaictusiy opticairsighal et paéathr@ttgha\tahlous optical
elerne%% uh:% as '08&%33 Fﬁ@hﬁgr%%PQ F%@a&%@@&iﬁg\% ?2% A gl yber dn(%ved from

rers

southreeartsptmd ﬁbtrmetmvﬁualmelmMmsa VDM f i ber in the opti cal
domai n without the need to de- nultlglex convert to

t he Brenticeloagnaprithen berfad bk infada PPX/H‘E?%%@W% 205 and
com 08 IS A1yl BC- A CRORTELALE O, AL ERLn, gy g

latencyGéhskichomefoe e antirsapticAl dyseugthraghywifiduthe Grgnab[aissed may be

| lifiers is disclosed for each fiber 104 and 106,
Cacu@%@‘nunber of optical anplifiers may be supported to

faci kit 316, KRS BLOBanPRli ke SLADA SRER of
ROATNE D1 G AP 3 lﬁglfaopt.ﬁéa s gng bfce&ng%,e f of latency

measmgmt—:tltt -tealA05b dwrustiabeslin Fig Sntayeﬂgg nicaguremeit tagl 205 may include an
contrqq%ggb@gtbﬁnlﬁg ng?!c %@% a oratdbtfe ]\'Qg%géggésjg?ortfﬁs% W%%r 1ca1 modulator 315,
a radl@ fﬂﬂ%hﬁéﬂc? (REL&®)er 3D, éﬁ%@%l?s%ﬁﬁer 3PRear &dtphtpoRPII0c @Ireference signal

gnal may pass through vari ous opt|cal el enents, such

photOé@eﬁpt $3Pakn anaptt pert 34 azguan siguel pan@drieRpNA 4% Bricnayalenlating logic
350, 88 STREFG OO 87 SR LR Ul R HOHMoncy

measurigaoely2 0Femsoti @imptenicdadtions) 5atatlit(§1 raepafietol 003 ey contain fewer,

originally generated opti cal %nal Based on this
dlfferggngae}dﬁgwﬁa OMNOBERLE than deplcted n

Controller 300 may include an imbedded microprocessor, computer, workstation, or
other type of processor for controlling the operation of latency measurement tool 205. In one
implementation, controller 300 may be configured to receive a user selection corresponding to a
wavelength to be emitted by tunable laser 310 via input device 305. Input device 305 may
include a device or combination of devices that permits a user to input information to latency

measuring tool 205, such as a keypad, a dial or dials, a keyboard, a mouse, a pen, a microphone,
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| at ency measurenent for the entire optical system

t hrough whi ch the signal passed nay be cal cul at ed.
woe@ooRsis a functional bl ock di agram depi cti NBCT/US2008/084170

exenpl ary components of |at®ency neasurenent tool 205.

As illustrated in Fig. 3, |atency neasurenent tool 205

one offY¥rd 116MBER AEEhERIBHE, Qkd. EMp3QviRE 0k MR bARYH GEcoWinatfdon with
tunabl e laser 310, a shorP rise time optical nodul ator

outpugd®/icead x> ifesilitetscueniof a(dﬂuyeddeéqng@mluqa rFoggxanaple, input device
305 rnsaﬁ éhé(?et o% haéigg%lt%%g% %fp Féefgngg W@XBIGS%[E%&?IC@ nslg&n %echtlon of one
ofthe@iﬂme&dmﬁmtsettm@%may Iuaﬂwmunﬁ@g thilkabb fgorcaffithe I&‘éaeﬁ@aebvavelength

an output device 355. Although Fig. 3 shows exenplary
settingonponent s of | atency neasuring tool 205, in other

i npl

cont SO 30 mad R ARASHLAG hdle GilitalTirco configured to
output dvagmid elpoptﬁcad sigmal Riaging 3. de€iostt wandl @t CIEbrrmymplepiuuailﬂe dazer 310

dd cro ces ter, rkstation, o
may Ueﬁr'b & o 5%@11 5?(*3 JodarBY SrICRB oy Wﬁgﬂﬁﬁ@i’t&fﬁ@ag&twﬂrface

ttif 14@11 ITRASWHEHTE MavE R th%% Ro@MEdiustments to a t ture of
emitiflf 1458 QREVEITRAR A War @ é g g @Mudiystments tp 4 temperature o

the la$ee dewve b ugenssel aelan$tumtlom lfnoescmmmllclgS (0o tumabla ek ehift inay output

an oplygy SEnfi e o' S0y PRERLMIMW YRR BB o 1 °°

c orrbwﬁidl@mm mePYis6 B8 chhdtur®lofetdvda UL kelb@iondMEsponding to a
information to | atency neasuring tool 205, such as a

pulse peyqrhand rulyi valldtlbtio bgiappkicd i@ tk@ymatr@tlcal shenab by RE dsiver 320. For
examﬂ@] ]?1%2]2 \Q/Ilecb %6% ﬂmu ? kquigfe 15{%&”@ ! na%c'%ﬁﬁ%/\na %ehected pulse period

I'Cé e Usé A “CORD on
and/oﬂplilw'ivldﬂleuf e ophé&al tstgnﬁladh Ird:sipaﬁs% te fosy s@fct@nle debr 320 may
wavel ength val ue. For exanp i nput device 305 may

generptg @ RFyazng! ko boanplicd t%ﬂﬁmﬁ@fr‘l StﬁnabYlé @afigah @@%&Wﬁéﬁg% one
f R

1mpleﬁ1%{1{ah&%§therrg§ %{gﬁlﬁfllnggﬁﬂtcgirare]%n t £ g% el ﬁal JrSPne OF%E@Q signal
havmgaeldﬁﬂemﬂsa/mddi araigmﬂpummenngs Tunabl e | aser 310 may

i ncl el ectricall abl.e tic source . .

conf ngﬁw@eaﬂetnaat@af Bt S g e dped e ripRntisg) modulator
315 HﬁyQﬁhdeeéjsﬁﬁ@t\&%eQﬂﬂé SptichPho SN AP E@nﬁgﬁ%ﬁﬁ@lqﬁldkﬁsﬁﬁdﬁlg the optical

may i nclude a distributed feedback sem conduct or
51gnall rasyedofrorn twabte 1@@& 3¢Guni lteypcgm faalbe R&mlgttall regeivad élom RF driver 320.

inonc pgmiammaied e SR Gecld SrioTbORULd SHdreinetyds an acousto-

optic ﬁﬁa@l@faﬁ EADM 4001 r)asstﬁlumdtw AGMM00 Ry iatugs a BEQmplifier 405 for
tunabl e | aser 310 ma(i/g ut an optical signal at a
(8)

amplifnge REFIgnal & Cicgeine driver 3B and pp Acap-optic material 415 for

recew%?séﬁle %Hpﬁﬁ (§ R% SE%%I %ldségl %ﬁlcglo{%ﬂag Yh§ ?uté&t ﬁ(?tﬁ%gla%leaaser 310. In

I on rrespon erio
one uﬁpllaﬁlenml(ah hcéBtdeptapmhiceal 416 rhzlfyﬂnomtié) H&raﬁmulcetahoﬁitmlﬂhbreto (not

shown) thell_\t)Fopgrralte\getg Cg,I‘%V%ﬁ 1{:19 glgnal 410 into an acoustic wave. The acoustic wave then
travels through acousto-optic material 415 and produces periodic variations in its index of
refraction in response to RF signal 410. The periodic index variations cause the beam from
tunable laser 310 to be diffracted into a fan-like array of beams where angular positions and
relative intensities of the diffracted beams depend on frequency and amplitude content,

respectively, of the acoustic wave.
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exanpl e, input device 305 may include a suitable

interface for receiving a selected pul se period and/ or
w@o9ms2s78it h of the optical signal. |In responseCT/US2008/084170

t hese selections, RF driver6 320 may generate a RF

signal to be applied to the optical signal via optica

ModuBat &k ingkRe ampli@ae of 1HRl8HRAE faveNhe sk o8 b&AA! zero order
may include a square wave signal or patterned pul se

outpuébeglﬁaﬂ%mdu an@rs’aordlelf ouipet heamse 7vinait be iateapitr mpdilgied. Inone
1mple§1%n£a8g%e Zgrq or¢ rﬁpr oequlgg)?%l%lgl?‘g n?aalrlfs | fgt engi(g*rgm o%%?%l%o ulatgr 315to

optica$ Bglitter B3RS, QlltlStfﬁ&dQﬁtﬂlgl al. 1nedé implomentatidn, auise (ﬂlrﬂidi)assomated with
qui ckly nodul ate the optical ' signal received fro

AOMA0Ramvebq apperximagly 603 s pldis i, PEPRIRPLRE sigrgh4ts may be modulated
I

into a Sﬁl? u% }ﬁfr%g bt &I{Rﬁﬁgﬁdgﬂlsﬁ%avg g)tglseéi 4?1 W%&P%ﬁ&?@%ﬂ%&ﬂes SPthe order

of 0.06pcl ude an acoust oopti c nodul ator (AOV 400 As

il trated, A 400 may i ncl ude a RF | |er 405
f or Lﬁﬁpﬂepm FGR %ﬁlfgplaﬁ“amau% Orp&eaé W@l Sppayjinclpdp an
electr?—ﬁogtlé%dﬁﬁtd’i‘qu Sstu@h Qb4 !\/Pacﬁ%eﬁﬁdiélm&dja@lt&o hs ﬂﬁ%&té{d Fig. 4B. As

anmpl i f RF signal and an optical $ignal
showm i getro-dptio mddubabl@olmtgfexlsﬁlloludt RFcamaohpr H@ﬁﬁmaatphrﬁymg the RF

. __agcaoust o- i C e 4 ma e ansducer

signa (SR R Rt 38hotity Tomak SR 450 BRE Gibahgtude an

clectr®opfit BRAlentdd} donfiguRD (RERPSid © RIAYEnal TG, tBEQ tdu8inda¥Sdulation
then travel s through acousto-optic material 415 an

of inppst besere 42 mrpmu@g varmadylgad obipul b fiinene implementtion
electr!ls-%g{lgglehl%ﬂt 4} S gy Hl%ﬂl%,g X e@g sucg n?th ugl nlgFa e,lv%osg gelsfﬁaﬁtlve index

ex vari cause eam rom uha aser

is a funoti®eoftthé btr@gtiessf anmp@had tlattricifictd. alnrthiy cafbobi@ess, aghaseof output
ul ar positions and relatlve |ntenS|t|es of the

beam 41§ A1y e BRpAIHFEDHEH BRBFGRET AHliohdgacinéehadel mpdijator may further
include VWG sp! 1&913@89%&’0% Xon%ﬂém AHgY ﬁ{pﬁlﬁbé’m £ Bhedf %%#ﬂﬁs, one of

the anmplitu sti1c wave e Intensit
whlcltmwlmhmle (phasermietuldot, psiticsosbed didyeaiitle awd patbt may ibe recombined.

t t beam 4 b
By Chgﬁ% : %%ﬁeldfeﬁ%e E‘}%g%ﬂe B b%tpnﬁbﬁmaa@xg “%prggtensny of output

beam f4@0 ?rq)%%d UsREARL &%hé@&%ﬁ@iﬁ be3hR croﬁstﬁﬁhlvgl?lor destructively
splitter 325, illustrated in 3. In one

lmﬁﬁ@hplenentatlon arise tlne aSSOC|ated wi th AOM 400

sig r‘?g?e[u r Wg‘l)}g:i ; H%)H EP 5/ LH ka Hglgsgltn&g@ lérggerp%cal modulator

315 tdP@iticer iicteP3 5S ARG ORASEE bEdn E%ﬁySde@@ai wAthQ: \eFdrhdeibe@m 360
tinmes on the order of0.05 ns . Inh a second exe | ary

beingitigpsrarien tarafearncesianab Bhotpdrieatert B9 48d 3n Ruipur hranyed being
tlransnr?}iit)tg%I Fora ?liotﬁl;&t 09‘[ 3@6%1’ ?élRfre t%%’n 1%15{% Tﬂoﬁ%f %}@@léﬂ%ﬁﬁp%ﬁfle manner

as 11lus
describb@aligve- opti ¢ nodul at or 430 may al so include RF
anplifier 405 for anplifying the RF
Reference signal photodetector 335 may include a device for converting reference
optical beam 330 to a reference electrical signal 370. For example, reference signal
photodetector 335 may include a photodiode that outputs electric signals in response to a
received optical signal. Reference electrical signal 370 may be transmitted to latency
calculating logic 350 for use in calculating an optical latency associated with the fiber span

being measured.
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signal 410 received fromRF driver 320. Electro-optic
nodul at or 430 may al so i nclude an el ectro-optic
web@apsys78135 configured to respond to RF si gnaPCHILS2008/084170
t her eby causi ng nodul ati on df input beam 420 and
resulting in a nodul ated out put beam 440. In one

| mpl £EBALABEPIboVE] REHI BeBRBES nRlyHIRAHARXTHERY 04 P&l ROADM 2104,
a crystal, such as Lithium niobate, whose refractive

transmigfgé shrpeghavatigne epiorel efgments asdrreturicd tofnpahperpp# edlatency
el ectrigafield. 1n thi j se .of t
eSSBS St Bt GBI BPS) o D00 i e

transoMie i fréahinger poMo3hgl ta tretirndynal Yhdtb@stedtoied 450 &/harchemid beam 375 may
splitter (not shown) configured to divide igﬁut beam

be conmppeyedl  Bomgy qpREHSILIghie Lrtuim elertricalsignd PR eR pHEs@ectrical signal
| . ' - . .
380 n{ﬁgg)g rtr%%%{égt.ea%?/ Q‘Eﬁgg 'ch%glaaﬁ%}ﬁgilc el M}%I 1&%%!32161{'{?% te}EeOptlcal latency

ging t ectric
associptedseithmbd dibat gdn fbainky, md¢asercdnpl i t ude or intensity of

out put beam 440 nmgy be adj u d based on whet her e
t WO ?égﬁﬁ'é’n 6%fﬁ%eflﬁ']@wtve¢1¢lé9@f%@sﬁnﬁdem%Wﬂpﬁtswéﬁ@., latency

caloulBEAG TR M 0t Ry Edeulate al 'df)i%étl lagﬁﬁ?]aﬁ%é{a%ﬁrﬁﬁle_ tical path being
transmtted fromoptical nodulator 315 to optical

measigpd.i Forexa®pk, lakincy kilsulptingtogid 3é) henidentefy dtems pt betyeen

with a refer e beam 360 being transnjtted to
correspapdpE pBedt BiFe pRa shbe savur Yaks SlRi S fure g s pyference
clectri2@BsiRil BP0 hiBR®TH tlcedichPsignt BRY. port 330 for delivery

to an input port of ROADM 210a, in the manner

descrarisagmalsoinghe Reskof entpat bdagh#iS phdulaigd bassdon a3gBare wave, as
i nel ‘ . : et .
shov&ng;e%%/l 1#:%3% &Uffdl@lng e?g%/ 5 f(jeoff r2fer&2l %F&Eﬂc?psgénea% g?& g%ées .b% E.é}rn%gﬂed toa

erence electrica g

correspsAdipg Ealliti@ERicen s &f sdtgimadlcdphieil Sigeile3B00IThd 3&ultant At derived from this
i ncl ude a photodi ode that outputs electric signals in
COMPRIEOR SRV CPISSEt thecontigaldatspey dhe SHtyRQpticakppBhsHigdested and traversed

' signal 370 may be transmitted to | atency
byou@é\‘?%ﬂ?@hg | ogic 350 for use in calculating an

opt | Sialilatlg) ianky cas sboutptidstam 349 modulited based pan fagemgd pulse

nmeasur ed. escr.i be ve, output, beam 365 be
Wave,e?&a_ﬁ?jww 1Bpkr? 1008 ﬁggaﬁ%mfszegé el?%&ﬁ@ﬁmbwrﬁ%hwmpared
toa cc\ﬁ%sb@ﬁ’cﬁng’ﬁ&ihg %hgé@ﬁ‘@%@n@&@ctﬁ@él%@ﬁ% 400 THMEUIRRS At’ derived from
340 of |atency neasuring tool 300 as a return beam 375

this cémparisROARV r2REsent Retoptinal Betamay3nShaentirg spanrodibrist i0ddnd 106

fromi t port 340 to return, signal, photodetecto
raverst S8 QB P Bon Bt ety e b 0 S o B Rl oney
perio®@Rhi 6Rlen® h&BR! sel &aPpl & U AteBb L LIl Sl g 165181330 ctermine latency
Return electrical signal 380 may be transmitted to

by idangifiang ¢ lacatieinghe ngftdrp gilse seuespending & tha risligedaet thg reference
electr{ggfsri]%&:lrgzghsr Jévgltl G0% Yoc%ét?ﬁli L Eﬂte\% Hﬂsé Qcﬁ*rgsbgr?({mgc‘ RAle rising edge of
the return electric signal.

As described above, in some implementations, controller 300 may receive user
adjustments to the pulse width (e.g., the time between falling and rising edges of the RF signal)
applied via RF driver 320 to match a desired latency measurement range. Similarly, controller
300 may receive user adjustments to the pulse period (e.g., a time between successive falling
edges (or successive rising edges) of the RF signal. For example, pulse widths and/or pulse
periods may be provided such that a maximum measurable latency is less than the pulse period

in the case of the simple square wave of Fig. 5 or less than the pattern period of the patterned
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Based on reference electrical signal 370 and return
el ectrical signal 380, latency calculating |ogic 350
woreyoosdscril ate an optical | atency associ at ed wWeCTrUs10e8/084170
optical path being neasure® For exanple, |atency
calculating logic 350 may identify a tinme Dt between
pulse GAKE 8EPRNEI Nord XaRPlQk naaihiifgate clirdnt@t BAYADLapproximately
wave or patterned pul se wave of reference electrica
200 msimg@alcq@Toa sqidre ey prled feequeneyaof appeamnatsgod Heor
exanpl.e, .in t se of t beam dul at e
paces S old £ MR et BRbeh AT oERR TR B G ot fyrency
measigeigent3dsl 206, viebarpandeiel Bst rdwpht deivizo a5 3nd indyddedisplay (c.g., a

conpared to a correqunding‘faILigg edge 515 of return
LCD djqued ¢ryetal disnlgneat LEB lightamiftang diedidisplaye a prgasictlddy{ OLED)

displa{yﬂiasprﬁl?&paa,ﬁét%ﬂ( fac E&ec%ﬁﬂﬁunti&?ing Sji{hcdye dr B2l ?éﬁé(gtg devices, etc.
e ‘entite optical path being test and traversed by
out pig. Desanbl385diagiam illlasttayingian ekéreplagstomfpanelt90tof beary
365 nodyl_ ated based an a patterned pul se wa as.
meas g A0k 40 FiAy, 1Tstraded: enhiaheLgey Bro B hoapBpdise: display 710, a
measbBERTihEdioS bRl 71370 pBRY whdh GHIRMRHKAS B0, a pulse period
correspondi ng rising gdge 615 of return electplcap
adjustsieghkilob3BD, am bietpnigmut THnanden inpdepary @b f Altimughifsg. 7 shows

0 ri son repr nt the.optical .latency in )
exem@aprauneRal BinriBE 0. £0% i Rlss lasiot BG pyeb by contain
fewerD@iBRYAE Dr aBYitiPh ¢l cdone: tRaP@pi@ENROFipUI Se wave, a

measur abl e | atency period may extend across severa

pul slagperatiparicysceaf lotenay megsuriogiteol 286 niyycodeeat propgut fiber from
outpujt ﬁotr? 5‘§(¥ tob . alvgﬁ tlé f alnﬂgl. oan ﬂ{Bgﬁ&\l/I %rI]Oé g CLIEIS @(%ntegtrﬁl iﬁgllltsﬁaber from

corresponding to the rising edgée o THEYY ference

ROABMeZ13cit6 ddpus p@aBS5.3TRe @ser Wl linfas adebie@iajul@nvidth drddepulse period for
Egttern‘pulse cqrresponding to the rising edge of the
the refegense Rra¢ad sigpplevia kpebs 720 48d déac Mo ieaiies dhat fogp $agkeiumper 220

. . 0 . ‘
s bR ERLEL) Ry SN S I GG o e e
may thal initinge @hatenicy sicagnredgesiometduecribnt snigaddn) buaopl7i1 8d Iiviha manner

dosr g e e TR S S b TP e EARR pth ane
may o%@iiu'# Acreligngd ﬁte_tnBﬁ cRBhISGoPR thOHsek Qiatispld; ¥ igre between
successive falling edges (or successive Tising edges)

of thig KRB apdthafuncioral blogkdiagrampdémeting akchwlamdpwponents of

atencn@p BRien P AR A0 Bt B iRl Bt 05 may

includelt®n&ais® 300, hpe &hviteI305 Stiba1 1248V 00§holrt ke thndéptlc@Bmodulator
than the pattern period of the patternedpul se wave of

315, rpglig froguencyy (Bhedayeimg P eoutputpaxt 33Amnpat kit A Oreiginrségnaht
. 0 ! ‘
phorcf 3095 Sfs BRALOUIRLEY AL0LE T RUAIE AsS AR i shovs

exemplaryFdognpodentt bLlatalk ¢ tlcatigthgl tad 106y inmaNerhigp phavtadieds, i gcgcy

user of |latency . ) . ) o
measuring tool 205 may contain fewer, different, or additional components than depicted in Fig.

8.

In the embodiment of Fig. 8, controller 300 may be configured to receive a user
selection corresponding to a wavelength to be emitted by tunable laser 310 via input device 305.
Tunable laser 310 may include an electrically tunable optical source configured to output or emit
an optical signal having a desired wavelength. In response to an instruction from controller 300,

tunable laser 310 may output an optical signal at a selected wavelength to optical modulator 315.
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measur enent tool 205, via output device 355. CQutput
device 355 may include a display (e.g., a LCD (liquid

wa@ eao9t08ds78li spl ay), a LED (light emitting di odepCT/US2008/084170
di splay, an organic LED (OD) display), a printer, a
network interface for communicating with one or nore

r enot GnteRN: $EFmafhio b@c%ﬁ%ré@toﬂreéﬂl@@iﬁu@r 38E@&[®n corresponding to a
illustrating an exenpl ar ront panel 700 of |atency

pulse nera@hmdngﬂ&eomdthztosbe apgli¢d fouibe @@tpetopptmlcﬁrgnabbﬁgﬁ dﬁwr 320. For
exarngl 11{1}5‘ dtedewce H? % ﬁgde d sul{aﬁf% 11%%r ehfor? c[cr%?ﬁc' ¢ ?(cte%pulse period

aticon but e se W
and/orglsc RidiubStic pptitddigadl. Uﬁ&é@ﬁﬁsehﬁ @Kbs@ Zﬁect@ﬂs CRH Ptier 320 may
port 730, and an jnput port 735. Although Fi 7 shows
generglg arfd] dlegal & boranmlisd b themﬁﬁalﬁaamél vigoptical magufpqr 315. Inone

1rnple | A0k QEQRF%% ldlﬁnreif ﬂfcl uZIg %a@@&gﬁl&[}g ﬁag?lfélga\ﬁﬁlse signal

erent, or 2 ona ahent s 't h
havinghgefided plﬂseapﬁlﬂaﬁndwr puéseqﬁebd ofn thateboyinmmasiiFigng ROdtiver 320
05 ma nect n ou t fiber from output rt 730
may af§9 oyfp \?é? GEPSP% Lgﬂbﬁ‘? Ipieppiiadertryng 1&&58 connect

an i ;AR 1dnhd@ltiohs 9&5@%@5@1&%’%@003%&1@@&’5501995& hefdR; opHE@l modulator

user may I nput a desired pulse wdth and pul se peri od
315 nfagrindlide & dfoetrrmcten@qzntlcahmomlgur)abonﬁgmrddtomglckzomadldate the optical

signa 755 sal Rolp i Lo 00 s Bea® DGR & R o oy RY Chiver 320

An ex@&?;l&ﬁ bpﬂp@u hlouﬁﬁwr 3t 8 Sikay B ud 8 oM§BLophiB Ynddifor 400t EHE 4A and
at ency neasur ement via neasurenent initiation

electrQr@ptleamovlnl@tor HA0 phEigndRn é}uwésb@@mlﬂéaﬂ%@w ,belteansmted from optical
t
modufg?%%sjli% Itg gut%p P org 93":() ﬂ;? ﬁe %t eﬁl 1%Put£buo|rtt oaft 1%91%%\@ El(é/a 1% the manner

cal nd”may I ng

descrlﬁadl @bdvatwldﬂreklﬁbctfaﬁ%gslar VI a display 710. Fig. 8 is
anot her functional bl ock diag/an1dep icting exenpl a

ConpindieEbet oA Rt PekS A oHAR ey dsiaddgto st 104 via ROADM
210a, #g%ﬁﬁ%%ﬁhlﬁgu H%a'%io% Péﬂcaggé G¥s dMadetdhRaR Q%IB%‘?BJM %g@i)fe latency

ontro I nput devi ce
measuraggbolRD0, as sétormt baans/ St |R&kumr]!ieama'5l75 mgb cattamsmB e, from input port

radio fre RF river 320, output rt 330,
340 1 TR Si5BFt PhOHE T A S R das b e coagerted to from an
optlca!l §11gﬁ£lct¥ r&ﬁ}ncéléc'ﬁtléﬁ ngh@@S@ Fbirn NG trRYL Qg'ﬁal dey| hﬁl? b32Rnsmitted to
hough Fig. 8 shows exenplary componeits of | atency

latencmabularung lagnoB S5 usd m cotduéating thpd entisalt latchanassodiatce math the optical
th i asurln% tool 205 may contain fewer, different, or
path befig PFSHEA- component's than depicted in Fig. 8. In the

enbogise® oh réfercht IRF ign@OHILY ldl r8furB8l0ctiiBy siMaLT8, 1getc§@alculating
to receive a user selection correspondi ng to a

logic jzf/ape aeferlateantoptiestileterey dsjociaiedaits theemicalath heigg measured. For

exarn]Beln le{eng)? 41?‘93tf"?%i %11-!:-%%6 a%r 15?&#% a%&r?e AR \!\/&%l C gl%§€or1]1dlng rising or

rica € optrca urce COI’] I gure
fallin@edge bf e sgqiiart wave or patterned pulse wave of both reference RF signal 810 and

return electrical signal 380.

Fig. 9 is flow diagram illustrating an exemplary process for measuring optical latency
in an optical path. The process may begin upon a user connecting an output optical fiber from
output port 330 of latency measuring tool 205 to an input port of ROADM 210a (block 900).
Loop back jumper 200 may be connected from an output of ROADM 210c¢ to an input of
ROADM 225a (block 910). In some implementations, ROADM 210c/225a may be remote from
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an optical signal having a desired wavel ength. In
response to an instruction fromcontroller 300,
w0 eovalozs78 aser 310 may out put an optical si gnaPCHUSZ08/084170

sel ected wavel ength to optilgal nodul ator

315. Controller 300 may al so be configured to receive a
latency 8Sas eI LOb] 205 HRAMMBSROIRE BElitRgah PSR cRBht RchddNdnal individual

pul se wwdth to be applied to the output optical signha
tOCOHﬂ@Hﬁ$%ﬁ¢@emfékﬂmlﬂéﬁﬂémﬁﬁﬁﬁé i nput device 305 may

i ncl i |nterf f

pul Séed %lél?ll é)glc%ﬁ?? co%ﬁ aﬁidﬁﬁor%l%ﬁ %i)u??olff‘ of ﬁgﬁ\gﬂnﬁ%%c to
input pért 386G pORSRACY ﬁletahﬁ‘ﬁlg t6@l|2¢)6 t(bl@BlS 9203F 'RihhhM@ Nas3291 MYy be configured

generate a RF signal to be applied to the oPtlca
to Outgptmptlgglélgjﬁ{ havang yyavtlengsh swtable fop agagailable WDM channel on the

oicd JERTEIE 35050 pe T, 30004 RN B RS v v

adjustpd vieconirdl ¢f Rihdfiaer 330lts ﬁlepieme&sdrerﬂemt sdeaardedeodicihemtel Eep alive
Fig..8, RF.driv 20 may SO out pu reference RF
powe%liegwaffm%%fqr &9 \E{Dé\iéysteewe Fréf‘%tr( laé‘@ 350. In
i npl &fﬁﬁ@ﬁ tbQ %y%nﬁftﬁieemaséw Jdkhe qﬁyfa%{emtté e v Beeh, pulse

~herein, t1 cal "nodul at or may i'ncl ude a short rise
widtht an@@mpemaﬂ ofrigidugiud opGonh fsugg@ir(bhiwk 85Quilciténgy waldulatinglogic 350

ey SRSRRb PO TSRS PR ISRAD 7 g Rt e s

outpufBy RX@RP ndayurittbsiadosrpiehtcaln rbez%ﬂ@7mewa@ labiEh@ut port 340 (block
acoust o-opti c nodul ator 400 of Fig. 4A and

960). elhscatcylatst lnteneoamay &e displged of othpry/isumitpudiie hetuspiadiack 970).

o dot Bty fo SRR bER, EPRORhG e M 8 Pl e

technid{aARViteihOar ﬂeéhtﬁch&nsﬁ?ﬁﬁ\}ﬂ &tsildl eﬁ@ a¢dn@de1§ bﬁt)tﬁtov\lopﬂibal R&@e ¢ for any
to Fig. 2. As described above, oqutput beam 425/440 may

desirogoptigrl thy & ithpplesongideraiion qizemmbﬂe%fi type ahepfidat elgments or
Segnéggﬁggﬁgyﬁ?h?gahgggé&g&dsegnents and returned to input
port 0

tency neasuring tool 300 as return beam
375. Irrﬁléttmemath:em mnﬁs?ﬁentmtlbzspba‘tadwlbds(bhhréln@nablﬁ paytid and accurate

testing 8{ ?Rt]’?a ]@%%F{s,%u i SI Qg lg]ﬁgagﬁﬁeé]&t émé £ 45at5)\étsw1 re particularly,
in onesthﬂé}heﬁtQacfneﬁﬁj Mjuﬁlﬂﬁ@ tdé‘iq@@{na? loghpat a @@‘en&estlgﬁam into an optical path,

el ectri cal S|gna etransmttedto aency
receiveal r@umrlaslgmg ﬂ)]d;g;yl@g (pﬁ@agmouﬁ;@ugh tleapatiu hiader eyt tahé calculate the

optical latency assocjated.with the optical path being
latench Bkt h BN SRR Bl S onal 550 and return

el ecTid oadgofigtitatriptR@.of kRéBMEY Gbddithaits BOthk AgkchtiddBrovides

may cal culate an optical |atency associated with the

illustrafpn &l doserimionebyds netasigndadl tobgexbauatipt et to|lipis theyinvention to the
prems% ?1)&‘1&J 111%51051 ll\qgcﬂl'ficaﬁ?o%s a+ ?a‘?f&hk In% d%s&fo]?%g ﬁéht o%tﬂ%ea%eve teachings

respondi ng rising
ornmyavemgmeﬂahﬁepﬁedmpﬂhﬁenmemenpf bot h reference RF

"9 n1::jlo|1r eggr?lpl%n\gvhlrlee 21 lélerlr?eseolf %i:otcl% ﬁazli\!e bsélerg deslcrlgesdo with regard to Fig. 9, the
order of the blocks may be modified in other implementations. Further, non-dependent blocks
may represent blocks that can be performed in parallel. For example, blocks 910-930 may be
performed in parallel or in any suitable order. Further, it may be possible to omit blocks within
a process, such as blocks 930 and 940, where adjustments to the output signal may not be

necessary to test performance.
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Fig. 9 is flowdiagramillustrating an exenpl ary
process for neasuring optical latency in an optica
W@ ai0b/083BMe process may begi n upon a user conneRCT/N§20881084170

out put optical fiber fromadutput port 330 of | atency

measuring tool 205 to an input port of ROADM 21Ca

(bl o kyi®BOhppa&f? @hé%%%d%cis WIReIbed BOreiPal 8c fRRBRGHRE in many

~__from an output of DM 210c to an input of ROADM 225a

differ¢ry|forsms o Boftwaton fisowarc asl karéwiagtin resmpRoNDIAtIRNE dBREgd in the
P S TG0 AL SR TEER A s OB o s
does o diimi thg @mbbeintae i1k &he opdaietdn ol hatiooer thaepeltdiags described

. 220. A return optical fiber may be connected from an
withowt fefiencs &9 thegpeREAENIYES code- ithsiig ydpistosd dhaspoftyttesag control
hardw'ﬁ?ea@alﬁrﬂe%si?ﬁgd to%%lén%n?% a%égc)ts ba{EP&‘@ﬁ’ ltl% A’e gftioﬁ :hgre'ﬂ?.y
be contigured to output an optical signha ving a
Furthsvavetadnpdrhoswo fi thbd ireplementatiomvaivt dbdned Wb odla rifogic” ot performs
the opti cal th (block 930). A pulse wi dth and/or .
one Obﬁf?ete‘ﬁ%tfqnéd B Totie nwtlaﬂyg%mrﬂw%e, CYAAR PHEFSWE an application

speci HstR Yit@iCoH fiOld prberBhnfbicVsle , 5 WB€lor a combination of
measur enent scenari os and channel keép alive power

hardwaeguidrsofteates for the WDM syst em under test (bl ock
940),. A latency.test e initiated based on the.
i VYRR raPRahge o SRS S eree S Jagndor
discloR& inaHe §fccifitation tiRist cORbinaBdnsSrg A& infchi QL 1290Ihe invention. In fact,
Latenc¥ cal cul ating | ogic 350 may cal culate the ,
many @p thesafcatugesaney botombiacdint wayalinop sickifiselly gecited trehie lslpims and/or
. ' ref erence signal output by | atency
dmcm%%ﬁ@%ﬁ%%%cﬁ%%ﬁ5505 with return beam 375 received at
I nputio pitcn8 4 ckbbraaétrR60n) uscthe titapresdnabgdichadrestoyldmyconstrued
be di spl ayed or —otherw se output to the user &block

as criteephpr cssgntigt vthaimplcaniaeryieasehe ddiveriv ulpss aptigigly described as

such. l@ts&rhg 3(155%&5,' g aftdehd A.eﬁmis ﬁlté d@!i go ﬁl@ﬁllaF bfid 8mBe tBAM Where only
of t’echnicians’ may easily and accurately nonitor

one itaptis madndedttkaymf one’aonsiddai laeghagptsicad. Pather, the phmastd “based on”

. . cgnsjderatjon for a nunber ant e..of optica .

is intcRfleH{orhens skl MRS I B QBGHNS TRECHES RGP hrwise.
tested. Inplenentations consistent with aspects
descri bed herein enable rapid and accurate testing of
optical latency for a wide array of path |engths and
configurations. Mdire particularly, in one
i npl enent ati on, an adj ustabl e device nmay output a
reference signal into an optical path, receive a
return signal follow ng propagation through the path
under test, and calculate the |atency based on the
reference and returned signals. The foregoing
description of exenplary enbodi nents of the invention
provides illustration and description, but is not
intended to be exhaustive or to limt the invention to
t he



preci se formdisclosed. Mdifications and variations
are possible in |ight of the above teachings or may be
wa@euiosxsds from practice of the invention. For BPXEDPL06§/084170
whil e a series of blocks hd?e been described with
regard to Fig. 9, the order of the blocks may be
mygizhimrad dmmapuikprisi npl enent ati ons. Furt her,
non- dependent bl ocks may represent bl ocks that can be
1. péydovigeeebmpripeg:al | el . For exanple, blocks 910-930 nay
b formed in rallel or,in any suitable order.
e PR e e B ARl 8By« bl ocks wi thin a
panopscl nfodahtdaso Bodals B30packl siZAN, bavhiesiea AUt oR Kighal;
to the output signal may not be necessary to test
p & PBiHEPRIE I Quiptithe maduyatsd catieal sieatl tag et opticrd pathi bed
h i |- t . 14N - i f .
S g{l t%vggl} g@( FAIOIr%rCné/\l/g? g?&gﬁl %g%l:}\}\%?xg}’ql%kx{lééﬁr%ﬂﬁgafngﬁ W&offéh the test
optical ppthearent ati ons illustrated in the figures. The actua

software, code or .specjalized control hardware used to
” Sisshsnici 2pe @qggc Bl mﬂqai lafrocl Sy e Festirieal path based on
the m%_&lil&io_nt ﬁ@a@_gg({ ab Ir&ﬁma(qgicgpﬁgiﬁq‘or of the aspects were

escribed wthout reference’to the specific software
code - it being understood that software and contro

har dwar.e ¢ be. desi gned t.o i npl ement .t he aspects
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portions of the inplenentations have been described as

"l ogic" that performs one or nore functions. This '
3. | d§r deviay of ¢lainu bevivae theendicalguedulater eonprrisees st risgriime optical
rnOduejg(glication specific integrated circuit, or a field

programmuabl e gate array, software, or a conbination of

har dware and software. Even though particul ar

conbi nations of features are recited in the clains

4. ardr8pvigy ektlaignd where Hie opyerimedidatpiorpmnrisgsenc of an acousto-optic
modufa%m)!r'aﬂteleg{}&o%ﬁ?n{b(ahla'td?tended tolimt the invention.
n fact, many of these features may be conbined in

ways not specifically recited in the clains and/or

discl.osed in the specification.. No elenent, bl oc or
5. ABEAgBEY ehelusLd whets e %?cggeqﬁtwém“}laé%ftqoaﬁmgm cfyg-.chnder
moduf@sstrued as critical or essential to the

i npl ement ati ons described herein unless explicitly

descri bed as such. Al so, as used herein, the article

"g. i.s .intended. t.o.include.one or nore itens. Were

6. o3y Bret PEURTT L R RBaT PG term one” or sinilar

| argivaoRr ksnddafid th&HokiiRtion tiBgalphr ase "based on” is
i ntended to nean "based, at [east in part, on" unless

expierecthe mpdylagioe digotlremprises RNAT asguaE AyavEB gng; ona pwsed pattern
gdevice, conprising: an optical source to generate an
optical signal

sign

7. The device of claim 6, where the modulation signal is a radio frequency (RF) signal and

where the driver is a RF driver.

8. The device of claim 1, further comprising:
a photodetector for receiving the return optical signal, converting the return optical signal
to a return electrical signal, and transmitting the return electric signal to the latency calculating

logic.



an optical nodulator to nodul ate the optical signa
based on a nodul ati on signal; an output port to output
wo b@oneasos at ed optical signal to a test opti caPCPpuasings/084170

an input port to receive alBeturn optical signa

foll om ng propagation through the test optical path;
9. andcldatiedeyclgi §UuAhéMGnlpPling: to cal cul ate an optica

| atency for the test optical path based on the '

mededaadipbatodiigetar faamercnies thetmedulasest ortivl $grphagonverting the return
oni] QS8 LA M SHE AT RR b BRI Gy pena o e
latencwhrarcelatihg lapdd,i cal nodul at or conprises a short rise

tinme optical nodulator. 4. The device of claim3

whidiees thp tesyicelenlafipg ingis erlowappibe sagcad ftensy famthe test optical path
- ic. t - [ dul at or.
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nodul at or conpri ses a Mach-Zehnder nodul ator. 6. The

deyice of claim1 further conprising: a driver for
10. ggmﬁpﬁvFﬁﬁfﬂﬂgrgndulation signal, where the nodul ation

SkdRAl he PR 28R uRAR: Mpi@reR YA Hic WRYIBIafibA BRhal, 2d @
pul sed pattefn S|gna%.g%. The device of claim®6, where

t méiermottia lagrcyrasipnag ldgc ealeddiotht optced hgyncly BB thsiteghaptical path
and, wher,e t.he driver .is RFE driver. 8 The device of
bascd @R e RO Hghal aBi e eiet g uEt ect or f or
receiving the return optical signal, converting the
return optical signal to a return electrical signal
11.  addededpsed eleinng furberreomprisingt ectric signal to the

| at l.ati Lagi c. h evice o I mBy
t SBREIER R Ob hRH skt hy AREPAGEEr Shn ik Belatingsignal,
r edetevthe gorthglcAicivh A @dd epinitead cegddn ofabdvgidal REENCHBy the
return optical signal to an output electrical signal,
latencyeglcplafing #A%¢i ng the output electrical signal to the
| atency cal culating |ogic, where the | atency
calculating |l ogic calculates the optical |atency for
12.  t Héetlesite oftlaical 1,pat h based on the output electrica
S I“%re]?lel thg1 rl‘lgertse %ctgo%ts grnthg lrneo%{l alti%g lsigrsléllg Pu%‘lh'er comprise at least one of a
pulse width associated with the modulating signal or a pulse period associated with the

modulating signal.

13. The device of claim 1, further comprising:
an input device for receiving user selections for at least one of the optical source or the
modulating signal; and

an output device for outputting the calculated optical latency.
14. The device of claim 13, where the output device comprises a display.
15. A system, comprising:

a latency measuring tool;

a optical path to be tested; and



10. The device of claim@8, where the | atency
calculating | ogic receives the nodul ati on signal, and
wob@pesisie | at ency cal cul ating | ogi ¢ cal cul at eBCT/H82008/084170
optical latency for the ted# optical path based on the
nodul ati on signal and the return electrical signal.
13 loopucl V& 1O cdnndétiRglan du &gotirk%eéhaﬁﬁanﬁ kiR dicalath to a return
controller to receive user se ions for the optica
5 channsbintbeoptirdl p#b. nodul at i ng S|gnal where the controller
red i At n of the optica
| SERTH® YRR a8l i SRR P00 e, ' 12. “he

devi ce a@ﬁnacblealamr lolgemhﬂds én bpte;aus@ﬁn boliech saased wavdldiggth;
nodul ati ng signal, further conprise at |east one of a

pul se @ ephcaéwéelaa%ré@ mgidplate qh@ OReRl baam ﬁgseéuogr@dnowlatam signal;

pul se C |
G S T B
10 i nput de VIIIﬂ:lEpiﬁI(D to reeciet lre:’tgrnl.tqaemalshelamcfhbm tisc fern ahannel; and

| east ne of th i cal. source or the dul at.in }
si gnal Tat S Caf? @wéﬁﬂgua celsuiepe %%&f@mﬁ‘@cyﬁ%ﬂge optical path
based%%'tﬁyhﬁhﬁ%&pglgﬁﬁlmha{e%ﬁlyn optfeal B8y devi ce of claim
, Where the output device conprises a display. 15. A

system conprising : a |latency nmeasuring tool; a

ORt i cal h to.be tested; anda | oop back junper for
16. ﬁhﬁé%??ﬁék Hngdsgoing channel in the optical path to

a whefdkhB ot pgth tb Be Eé@%d@ﬂélh@e@'a Rifer oPG1RIcal delBfhents

| at ency measuring tool, further conprises: a tunab bi e

| adere the oplegad p@thencemdas @tﬁretaadd@é ilexgr forsedeadng the modulated
optlca\iv%%/aﬁn %F ﬁ"ﬁ Ig’ut hﬁeqlfrorﬂ? 1;?[%1?3’ &gas{irp *0%[ i he

on a no ’anout put

5 pavtierd the @pﬁi@ﬂl bathh@clﬁm@ Wl sated adﬁldr@rﬁhlub@ﬁemef foriodéutting the return
out goi ng channel ; an input port to receive a return
optlcaé Beqre flonbiba Astriothenid o Be MANGHAFISEIING 84 | at ency
calculating logic for calculating an optical |atency
for the optical path based on the nodul ati on signa
17. afitiesystemef dlaim @pt i cal beam

where the optical modulator comprises a short rise time optical modulator.

18.  The system of claim 17, where the optical modulator comprises one of an acousto-optic

modulator or an electro-optic modulator.

19. The system of claim 15, where the optical path includes at least one channel in a

wavelength division multiplexing (WDM) fiber optic system.

20. A method, comprising:
generating an optical beam having a selected wavelength;
modulating the optical beam based on a modulation signal having a selected pulse width
and a selected pulse period to generate a modulated optical beam;
5 outputting the modulated optical beam on an optical path;

receiving a return optical beam from the optical path;



16. The system of claim 15, where the optical path to
be tested includes a nunber of optical segnents, where
wo b@ogasreal path includes a first add/ drop nmuPCT/PEER&084170
for receiving the nodul ated5Soptical beamin the
out goi ng channel fromthe | atency neasuring tool, and
WRgIE BlatileaPBbticaPlatdday Bf ihB@pHER Pafh REEPHHHRAYRIRBn signal and the
mul ti pl exer for outputting the return optical beam
returnfqpdigeltivem; eacir n channel to the | atency neasuring tool
ﬁégt@ﬁgﬁlgﬁﬁeﬁ éa%{]llaclztfed Sll)t‘rflclza a:l'esnicy.w.h ere t he opt : cal
nprises a short’rise tine optica
nodul ator. 18. The system of claim 17, where the
opti cal nodul ator conpri ses one of an acousto-optic
nodul ator or an el ectro-optic nodul ator. 19. The
system of claim15, where the optical path includes at
| east one channel in a wavel ength division
mul tiplexing (WDM fiber optic system 20. A nethod,
conprising: generating an optical beam having a
sel ected wavel engt h; nodul ating the optical beam based
on a nodul ati on signal having a selected pulse width
and a selected pul se period to generate a nodul at ed
optical beam outputting the nodul ated optical beam on
an optical path; receiving a return optical beamfrom
the optical path;calculating an optical |atency of the
opti cal path based on the nodul ati on signal and the
return optical beam and outputting the cal cul ated
optical |atency.



