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optical waveguide and later are separated again into the individual signals or channels at the

opposite end or other point along the fiber-optic cable.
With the advent and implementation of WDM, the reach of optical signals has
increased significantly, with it now being possible to transmit an optical signal from coast fo
25  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 nefwork services.
Known latency measuring systems are based on a sum of known latencies attributable to cach
segment or element in a transmission line. Unfortunately, latency values for many optical
30  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.



30 conponents are not known or easily identified. Additionally,
determ ning | atency across a nunber of network |inks by sunm ng known
| at ency val ues for each conponent in each |ink typically does not
result in a suitably accurate | atency cal cul ati on.
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latency measuring tool of Fig. 3;

Fig. 7 is a block diagram illustrating an exemplary front panel of the latency
measuring tool of Fig. 3; |
Fig. 8 is another functional block diagram depicting exemplary components of the
15 latency measurement fool of Fig. 3; and
Fig. 9 i8 a flow diagram illustrating excmplary processing for measuring latency in
the system of Fig. 2 using the latency measurement ool of Fig. 3.
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The following detailed description of implementations consistent with the present

20  invention refers to the accompanying drawings. The same reference numbers in different
drawings may identify the same or similar elements. Also, the following detailed description
does not limit the invention. Instead, the scope of the invention is defined by the appended
claims and equivalents.

Systems and methods consistent with aspects described herein provide a multi

25  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 systemn
100 may include multiple sites 102a, 102b, 102¢, 102d, and 102¢ connected together by links

30 104 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-102e to effectively inferconnect data equipment 108, 110, 112, 114, and 116 (e.g.,



The follow ng detail ed description of inplenentations consistent with
the present 20 invention refers to the acconpanying draw ngs. The
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I ncl ude mu Segment s coupl e et her by el ements such as
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to increase gl{ds) Zlga 210b fn%%i(?c (go?lgggrely,y ‘south-east ROADMs 210), south-east optical
20  amplifiers 2152-215d {collectively, “south-east optical amplifiers 215”), a loop back jumper
220, an optional optical amplifier 215e, north-west bound fiber 106, north-west ROADMS 225a,
2250, and 225¢ (collectively, “north-west ROADMSs 225”), and north-west optical amplifiers
230a-230d (collectively, “north-west optical amplifiers 230”), In accordance with embodiments
described herein, fiber lengths between ROADMs 210/225 and optical amplifiers 215/230 may
25  bereferred to as a “segment.” Although only six ROADMs 210/225 and eight optical amplifiers
215/230 are illustrated in Fig. 2, it should be understood that any suitable number of fibers may
be switched in accordance with embodiments described herein.
In operation, tunable latency measurement tool 205 may output a tunable optical
signal for addition to an open or available channel in south-cast bound fiber 104 via ROADM
30  210a. The received optical signal may pass through various opticzl elements, such as optical
amplifiers 215a-215d and ROADM 2100 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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20Fig. 3 is a functional block diagram depicting exenplary conponents
of | atency nmeasurenment tool 205. As illustrated in Fig. 3, |atency
nmeasur enent tool 205 nmay include an controller 300, an input device
305, a tunable laser 310, a short rise tine optical nodulator 315, a
radio frequency (RE) driver 320, an optical splitter 325, an output
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25  electrical signal 370 as well as a location in the pattern pulse corresponding to the rising edge of
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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
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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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latency based on the reference and returned signals.

The foregoing description of exemplary embodiments of the invention provides

illustration and description, but is not intended to be exhaustive or to limit the invention to the
25  precise form disclosed. Modifications and variations are possible in light of the above teachings
or may be acquired from practice of the invention.

For example, while a series of blocks have been described with regard fo 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

30 performed in paraliel 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 fo test performatice,



30 performed in parallel or in any suitable order. Further, it may be
possible to omt blocks within a process, such as bl ocks 930 and 940,
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Rawsa 18° !

on" is |ntéS sed, at least in part, on" unless
expliclistly statelo ekinaltvﬁl@la or inkRuciibifsed 15 tIE pAdstEEEpdliGition slibuldAe densinee,

conpri si Ngs crﬂucgl%ﬁ"'@sg al t@ﬁg Empé]&n&ﬁﬂg {sgg %nl?kg lhglfg%lusrfr%% lj}?%%ﬂ@ dﬁ&ﬁbcﬂ as

particul ar wav e optrcal
si gnal based. woasmwdlllbrami thpacti¢le) Vedlis intgaded totipalnde poy ¢r moge mpﬁfheitelwely

modul at ed (Pt it @N AL tehfl “She® E¥imi®P leh&idhe IPAER Further, the phrase “based on”

is infended fo mean “based, at Jeast in part, on” unless explicitly stated otherwise.




an input port to receive a return optical signal follow ng
propagation through the test optical path; |latency cal culating |ogic
to calculate an optical latency for the test optical path based on

t he nodul ation signal and the return optical signal; and a controller
to receive user selections for the tunappl e | aser and t he nodul ation
signal and config,ured to initjate calculation of the optical |atency
by the | atency calculating | ogic, wherein the user selections for the
nodul ati on signﬁkﬂg&ﬁggaﬁgﬁggaéie at | east one of a pulse width
associated with i.gnal or a pul se period associ ated

wi th the nodul ation signal, wherein the pulse width or the pul se
period is sel ected sggtre! (fn@n&EX|nunneasurable | atency is |less

thanthe pul se peramamelaaert B9 ARMINCR1i0d] sl baribhigr € the opti cal
modul at or conpri seg;;pNendt; an acoust 0-optic rmdul ator or an

el ectrooptic rmdgj %%8531 nlodt?f}atolrﬂ)elngtﬁ\fig'ﬁﬁ tlﬁélg LTk Poa déﬁ?er e the

el ectro-optic no at or. 4. The

device of claiml ﬁ‘w for enerati ng the
nodul ation si gnalawvég’ t1 aI %hﬁ‘fséﬁdgﬁm?oéﬁﬁf” | %ses one of a

t
square wave signal attern signal . _The device of
cﬂal m 4, Wneregt A& ”?PE)IEJEF% (’%Feﬁe EiéFFé‘lm qpti aIgs {)foﬂl%ﬂlaency (RF) signal
and where the drj Vi3PPasat é?StOP“"@ Pﬁf ?ew ce of claimi,
further conprisifpncacyrdsigdaziciosplcnigie noplisal fagpcy 8 ret urn opti cal
si gnal, convertinghtis& ‘?PQFQJP?Fh@Er‘teii@alth%'i“@fﬁ&?“oﬂlébﬂalrﬂé@ur n el ectrical
signal, and transrii¢ g optiel sigialiepdel ectric signal to the latency
cal cul ating | ogi&¢contmpderzo reppive yey palections fr shatiebls laserher conpri si ng:
a second phot ocl etwdtths nfodnlaiiasc eizual mgdt vefigweaditatwtatept i cal si gna
prior to output ofcalcheatipmeiithareiitablstencaby diegntahest @lauhe t est opti cal
path, converting fdtmgdegigrn optical signal to an output electrical
signal , andtransmltetdimtietuser seletthois fed the hiodalatiossigdlurt 0 t he |-at ency
cal cul ating | ogi c, thehesieprisea latienepfeapuisd widiingssbdged cal cul ates the
optical latency f Ofmihhl&: hedillatptsigaal orpahulsepagatiasescidtee out put
el ectrical signal afidtdigoduidiiehRigahlect ri cal signal
wherein the pulse width or the pulse period is selected such
that amaximmmnicasurable latency is less than the pulse
period.
2, The device of claim 1, where the optical modulator
compnses one of an acousto-optic modula’ror or an electro-
optic modulator.
3. The device of claim 2, where the elecfm~opnc modulator
comprises a Mach-Zehnder modulator.
4. The device of claim 1 further comprising:
a driver for generating the modulation signal,
where the modulation signal comprises one of a square
wave signal, or a pulsed pattern signal.
5. The device of claim 4, where the modulation signal is a
radio frequency (RF) signal and where the driver is a RF
driver.
6. The device of claim 1, further conprising:
a photodetector for receiving the retum optical signal, con-
verting the return optical sigual to a return electrical
signal, and transmitting the return electric signal to the

latency calculating logic.



8. The device of claim®6, where thelatency cal cul atinglogic receives
t henodul ati on signal, and where the | atency cal culating |ogic

cal cul ates the optical latency for the test optical path based on the
nodul ation signal and the return electrical signal. 9. The device of
claim1l1, wherein the optical nodul ator conprises a short rise tine
opti cal nodul ator. 10. The device of claim9, wherein a rise tine
of the optical nodulator is approxi matel¥¥ 0.5 m croseconds. 11. The
device of claim1, further conprising: an input device fbr receiving
user selections for afl- Thealsviconfelain 6t faghergmaptieng: aser or the

modul ation signal ; andsiprdnbeisdetecisfreeseiving tieurqeutatsdapticshe cal cul at ed
optical |atency. 12. Sigval pisyiocatpet ofdhenedulated ogtieal sigtdh out put

devi ce conprises a di sghaiystopticgbpathacanyertiogihe ompeptieisigala | at ency
measuring tool; a opti dafaqienbelecridksignel ausidransamitiing theovtputback j unper
for connecting an out g&iRtcelisienslée the frtency padcudaiing daglic, path to a return
channel in the opti caFigaii Jatoisr ediatingdogiatainidaesthaepiiciing t ool |

further conprises: a t dgfIsy &1 thedast epsicgleprsh hssed an thpvitpsl beam havi ng
a electrical signal and the refum electrical signal.

8. The device of claim 6,
where thelatency calculating logic receives the modnlation
signal, and
where (he lalency calculating logic calculates the optical
Jatency for the test optical path based on the modulation
signal and the return electrical signal.
9. The device of claim 1,
wherein the optical modulator comprises a short rise time
optical modulator.
10. Thedevice of claim 9, wherein a rise time of the optical
madulator is approximately 0.5 microseconds.
11. The device of claim 1, further comprising:
an input device for receiving user selections for at least one
of the tunable faser or the modulation signal; and
an oufput device for outputting the calculated optical
latency.
12. The device of claim 11, where the output device com-
prises a display.
13. A system, comprising:
a latency measuring tool;
a optical path to be tested ;and
a loop back jumper for connecting an outgoing channel in
the optical path to a retum channel in the optical path,
wherein the latency measuring tool, further comprises:
a tunable laser to generate an optical beam having a
selected wavelength;



sel ected wavel ength; 14 an optical nodulator to nodulate the optical
beam based on a nodul ati on signal; an outpport to output the

nodul at ed optical beamto t he outgoing channel; a controller to
recei ve user selections for the tunable [aser and the nodul ation
signal, an input port to receive a return optical beamfromthe
return channel; and latency calculatingglogic for cal culating an
optical latency for the optical path based on the nodul ati on signal
and the return, optical beam wherein, the controller is configured
to initiate cal cul ati gi-ogtical Hedulrernteapduilae GnepticBibearh baskdt ency

cal cul ating | ogic, and. “hA&ERAIGsienekser sel ections for the

nodul ati on signal com2sPipyErostto puipsithemeduwiftechopiohldeamiat h associ at ed
with the nodul ation si glglugeingcliparde period associated-with the
nodul ation signal, whéréniolienéo patiecusar slévtions fohehepuhabiperiod is

sel ected such that a nelarerd themcdnatisheighdt encyi s | ess thant he pul se
peri od. 14. The sy$§k&whbforidp sgcaivd 8 retwheptical benofim del path to be
tested includes a nunbefﬁtumd?@ptel;@ad segnments, where the optical path
includes a first addataysaauptingdegicdr cdovating eopticaldateivg nodul at ed
optical beamin the ofér#isiongcat batihbastd s benolidaticat $aralandeasur i ng t ool |
and where the opti cal thpaterajopidalickes, a second add/ drop nul tipl exer for
out putting the ret ufiespt e entideris dopfignred thénitiee calenlatoannel to the

| at ency measuring t oo the opticsl latfimy byyibe rencyf cadduddtimg Iic, wher e t he

opti cal nodul at or corﬂ%iﬂi ses a short rise tinme optical nodul ator.
wherein the user selections for the modulation signal com-

prise at least one of a pulse width associated with the
modulation signal or a pulse period associated with the
modulation signal,

wherein the pulse width or the pulse period is selected such
thata maximum measurable latency is less than the pulse
period.

14. The system of claim 13,

where the optical path ta be tested includes a mumber of

optical segments,
where the optical path includes a first add/drop multiplexer
forreceivingthe modulated optical beam in the cuigoing
channel from the latency measuring tool, and

where the optical path includes a second add/drop multi-
plexer for outputting the return optical beam from the
retumn channel to the latency measuring teol,

15. The system of claim 13, where the optical modujator
copiprises a short rise time optical modulator,

16. The system of claim 15, where the optical modulator
comprises one of an acousto-oplic modulator or zn eleciro-
optic modulator.

17. The system of claim 13, where the optical path includes
at least one channe] in a wavelength division multiplexing
(WDM) fiber optic system. '



16. The system of claim 15, where the optical nodul ator conprises one
of an acousto-optic nodul ator or an el ectrooptic nodul ator. 17.
The system of claim 13, where the optical path includes at | east one
channel in a wavel ength division multiplexing (WDM fiber optic
system 15 18. A nmethod, conprising: genera ting an optical beam
havi ng a sel ected wavel ength; receiving user selections of a pulse
period arid a pulse width, wherein the pulse wdth or the pul se
peri ods are sel ect é&-%@ﬁ‘h@h@@_ﬂpﬁ'ﬁmm mum nmeasurabl e latency is |ess
than the pul se per i288ErIggTe PRldahesaa hovidg o sdacedwandmgiRF) si gnal based
on the received puF¥&VEE wsatisedastoysuifsepuiiedicind midialpatseng t he opti cal
beam based on the le‘z’éifkgnal, by a short rise tinme optical nodul ator,
to generate a nodul4fEHE Bppyesvidibaatie olsepaidds g seheegodul at ed
optical beamon an éﬁﬁlﬂé@ﬂ?! inhm messwiRble iageney 1 bsthan Pt i cal beam from
t he optical path; CQPEB,IPQ’GQ an optical |atency ofthe optical path
based on a ref er enEBCRIIS B At fquency RBkigk] bastdenRE si gnal and t he
return optical beantecaied pilsensriod angl puhewidib:cul at ed optical |atency.
modulating the optical heam based on the RF signal, by a
short rise time optical modulator, to generate a modu-
lated optical beam;
cmfp.u {tila g the modulated optical beam on an optical path;
receiving a refurn optical beam from the optical path;
calenlating an optical Iatency ofthe optical path basedona
reference RF signal associated with the REF signal and
the return optical beam; and
outputting the caleulated opfical latency.



