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VB LONG TUDI NAL POSI TI ON SENSOR TECHNI CAL FI ELD The
present disclosure is related to nethods and systens

WO 200888660 m ni ng | ongi tudi nal position of an ePONYs100T088090

web. BACKGROUND Fabrication of many articl es,
including flexible electronic or optical conponents,

i nvol ves registration between |ayers of materi al
deposited or forned on an el ongated substrate or web.
The formation of the material |ayers on the web may
occur in a continuous process or a step and repeat
process i nvol WERHLONGITHDINMeRHISITHON SENHPRe,
patterns of material may be deposited in |layers on an
el ongated web through nmultiple deposition steps to
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patierns shptetielimpy bepglopasttpbin lofersam a8|ckngaedycivarugomultiple
&IBAMLIRGS 1) RrlilfRAUGRA QoM EHBAUCOk. GRIEEALRE RGuifeD

position. One or ‘nore substantially continuous
pricelsrcticgibtratign ko fegjusns dae airelappligid o dhaal hoph Bdestof thewreb. ar e

et or 6B % B0 By PATE FClRl e B poiaine

indrlotmudinalclowdecle prrgenggtmuygbd meintaaicé pathe ok exveer thivfigh

the. web t nhance aecuracy of the | ongitudin
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bdcomes mbrewamkiex ednpth seb dnitexiiie ootretcBabls Samt haicley will have
Sl ueus peiode, ks, disposed | ongityl ALY i@ cquire

precise position registration between the process steps.

SUMMARY
Embodiments of the present disclosure involve methods and systems for
determining the longitudinal position of an elongated web. One embodiment is directed to
a method for determining web position. One or more substantially continuous fiducial
marks disposed longitudinally on the web are sensed. The longitudinal position of the web
is determined based on the fiducial marks. The method may further include compensating
for lateral movement of the web to enhance accuracy of the longitudinal position

determination.
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si nusoi dal mark may be used or a sine mark and a
cosine mark may be used together. In sone

WO ppBesssnt at i ons, the fiducial marks nmay conprPGEUSNET/088090

or nore piecew se continuous marks. For exanple, the
fiducial marks generally include regions having
finite, nonzero slope relative to the | ongitudina
axis of the web. In one approach involving the use of
one Qqh s5Re ﬁn;ﬂ@rﬁén@gloﬁs ftﬂeqﬂﬁblﬁi maHR¢ &ﬁmprﬁ@ 6nd &%r& H@sﬂaﬁ‘tllally
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jongigidinal prsiion imsibR getersingd t??@edt Hethe subsfantiglly gaptiagous portions of

hBYihdA ARt REYdeR thet R0 dib Y bR rinFBEdtSre@ N LE a¥PR BAFk marks
generating sensor signals corresponding to the

1P yerdi @P perigdically rswia s feaBiresgnayrhel ZsTorpEES HES firhsels of Eg s or
temmiaues including level shifting, filtering, angle
adj ustment, and/or other processing techniques to
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sine and cosine fiducial sensor signals
mSélog a¢fercateanbydprarnaaip on thiengebt e gk edgener et rforsiaeor lateral
@% The arctan2 function of the sine and cosine
fues is calculated yielding an angle that is rel ated
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determination. In one approach involving the use of sine and cosine fiducial marks, sensor
signals are generated corresponding to the sine and cosine marks. The arctan2 function of
the sine and cosine values is calculated yielding an angle that is related to the longitudinal
position of the web and preserves the quadrant information. The longitudinal position is
determined based on the angle and quadrant information obtained from the arctan2
calculation.

According to one implementation, longitudinal movement of the web is controlled
based on the longitudinal position determined through the use of the substantially

continuous fiducial marks.
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based on the | ongitudinal position determ ned through
the use of the substantially continuous fiduci al

WOoreooRe8s8Abt her enbodi nent of the di scl osure i SPCT/DEHDTBS090

to an apparatus for determning a position of an
el ongated web. The apparatus includes one or nore
sensors configured to sense one or nore substantially
conti nuous fiducial nmarks disposed in a |ongitudina
di r ecAARRr ERbE AP the TREILSER %an%ct@(ﬁ fo a‘ﬁocLBf)drngg 4 dét@nnmmg a
generate signals associated with duci al marks.
podionjobpn gengatedoyebr dbetnrpamtys h@:hsﬂegﬁl@ﬂ Gsr nem@l Sﬁ‘@éﬂé?‘?ﬂﬁﬁé@d to
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dileﬂtceq)rad)n ﬂxewehovleamniori ae ertigned td meﬂawrs@nalﬂ disaalbted with the
i det er.m nt
01a.t1 hl%{]i % % 1&10% ?été r?éeh %ﬁ{g% gﬁlﬁp Ll Jrfgeten% neég g ﬁdﬁlgfﬂﬂﬁnal
pmp@n of fhleb@b usmgﬂrersermbr figmio Vidin posati@rdeglctor h1ay smnpssnsate for

nts t he ric web o
BRSSP B e R s TR B b P TR R o v
may bte somael &nﬂjMnefjitatlbhs g, webds flidiblg or étﬁ&ﬁﬁblab’rlaetwﬂ:rmay
cutting the form ng voi ds inh@? OSSIn
ALY Sﬁgpapc%ﬁf’elh P 08T ByPORHYY B HE A el HYH® ’FIHB‘% ey dhe keb
Sonfirfs@cd [RIN Reri¥avdb 0B Pollybieer WEHL, oﬂ_b@y&ﬂjbﬁ@téSTH@ﬂdu‘cﬁlﬂ”ﬁfaﬂé €hay
optical, electrgomagnetic, contact, and/or other ty

it mads by prting, pergeg, ksesaBlatien. cufting fhepued; By goidy s web.
thSstihgeadidl, d¥RfideSor by Ry SthaNAdRoBNYERILE aRMtebiaBle mark on the

sensors may undergo processing prior to use in
]U?J%i tion determ nation. For exanple, the sensor
Si gnafiR <BRYrsIRyROAGESSHHHSH QG oMalREY, rc%ht\é@c Iﬂdk&%fheﬁ%& of
as a Kalman fil'ter. The apparatus may furth i ncl ud
$#nguht Inene gmreack.rdangiarigasct ¢o teosn tho fidycah gqatl@d i haﬁlgnals
;é%ﬁ%& 1? sghéa?shﬁ’l‘%bne ponglé%‘égro%gsghlg?rlbpt%% é}ﬁonE‘iﬂBn RS hirh%Bn.

Eorekigpieghd oner sighds peg bt propessisiiisimg eredussivieftltehgich as a
{iﬁ%hf rred to determ ne | ateral web position. The

eral web position nay be determ ned based on the
| ongi Thedtppmhtuf maluftirthbr imiudeea cntral unétcenfidurqolas cértwhlongitudinal

fidu k h b,
R R B R
wedrted Qﬁcdﬂlﬁm cbeﬁ@@amfm Itheqh)elﬁom gétexgords fuather@hfiiosd biderrmine

BT Pisp et {0 BHTELBHo Ront o ey LG PT-C A0S o
wesitudmeefi®itial BAse dr ®Mitdradlpesifdn reference such as a lateral fiducial mark on
the web, or a web edge. Sensing the lateral fiducial mark or web edge may be
accomplished using a lateral position sensor, for example, If lateral position is
determined, the control unit may control the lateral web movement based on lateral
position.

The above summary of the present disclosure is not intended to describe each
embodiment or every implementation of the present disclosure. Advantages and
attainments, together with a more complete understanding of the disclosure, will become

apparent and appreciated by referring to the following detailed description and claims

taken in conjunction with the accompanying drawings.
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position. The above sunmary of the present disclosure
is not intended to describe each enbodi nent or every

WO pgBesssnt at i on of the present disclosure. AdVREI/H§RE7/083090

and attainnents, together with a nore conplete
under st andi ng of the disclosure, will becone apparent
and appreciated by referring to the followi ng detail ed
description and clains taken in conjunction with the
acconpanyi ng draw ngs. DESCRI PTI ON OF THE DRAW NG
Figures I A-1F show various configurations of
substantial |y cdAESQRHIEIGN QICFRE DRAYWING sposed

| ong dl& g@lepi‘k—\ﬁ o@ aﬁ&ﬁ%gﬁﬁg%gat pof{sﬂbs%%?lglg)ﬂ&ﬁgﬁl \{Yhhaumal

enbo ts of I scl osur®e; gure

aikg daposod loagmelblaﬂim si v olnnghétderatbon agordanguridoenitwdiments of
gsg% @&He the longitudinal and | ateral position of a

wWeb rn accor dance with enbodi ments of the di scl osure;

Fi gu rlﬁgﬂB 2iAl ik abtocktiBgraamfexatpodtiaf dawrtdr ragfiguridawdeatrmine

ﬁg gt ]IKHH z %ﬁtéaili ?‘téSIRr}raa"%/%bS’ﬁﬁi@?ﬁ%@%@%%%a%ﬁlmenls of the

ﬁmﬂ@hnsure Figure 2C illustrates an exanple of an
i mage_.vie ne scan sensor that y be use

sens ‘g'l“&\g& L{PSt%F RIS PG GF daiee IW? é‘ﬁ%&&ﬁ‘sﬁﬁﬁ‘?%‘n@‘fhe

tdae telcasl atibEmarkt ticorddacs RAN8mboHEme MR GEhY HieMoQike; &
progreSS|ve scan sensor that may be used . to sense

fi duchiguredr ilustyaies ap e’eﬁnwé%fémm%? asthokh HRsiE Shsop gt may

BH &6l SUAR: fidTEiSUhfkSiniadcAMAL QR BMbddiMSitf St thO@is@osure;
met hod for determ ning | ongitudinal web position in

accorlighEeS Diihens BpBescridnt 8f oirrogmeivgise) soaF Biat gl wsed to

énStidicRl ANLRM dcbdrtsick it Qﬁlb@dlﬁi'éﬁtg' 8fnetiisegtgL; M ni ng
coarse and fine position of a web using sine and

cosi ridguredugp élagwmlléuaﬁrgsng nmgibedfa defeenipjng fongitudinal web
%(Eg%qllm I%al?cf glu(” a o AR W Gre d’i:sc%gﬁrs 5is a

tograp marks that have been printed
vi a ilfiguregis @dlaarapollyselgtlm a method of detromaegeverspindfine position

g \9&)' U ts?ne &d E&Slieq-{dlsl?l d‘ﬁ#[élﬁlésl @r&gcor ﬁ%é w1t1§ mb0d1ants of the

ustrates the e ihal  posi t1on
m@bmhased on noi sy data before and after Kal man

]:j: lsf:lels 13% él isa aﬁoctograp 0 1d\1%1£11hmaerﬂb t%gtl hg\%‘lgesén %Iint%g sia ink jeton a
polyester web in accordance with embodiments of the disclosure; and

Figure 6 illustrates the estimated longitudinal position of a web based on noisy
data before and after Kalman filtering in accordance with embodiments of the disclosure.

While the disclosure is amenable to various modifications and alternative forms,
specifics thereof have been shown by way of example in the drawings and will be
described in detail. It is to be understood, however, that the intention is not to limit the
disclosure to the particular embodiments described. On the contrary, the intention is to

cover all modifications, equivalents, and alternatives falling within the scope of the

invention as defined by the appended claims.
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Wil e the disclosure is anenable to various
nodi fi cations and alternative forns, specifics thereof

W 2008/08858N shown by way of exanple in the dr aw@QES2NTU088090

will be described in detail. It is to be understood,
however, that the intention is not to limt the

di scl osure to the particul ar enbodi nents descri bed. On
the contrary, the intention is to cover all

nodi fications, equivalents, and alternatives falling
within the scope of the invention as defined by the
appended cl ai ns. DETAETABLEROERGRIPOGIONN t he fol | owi ng
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the peofmparziey drﬂwu‘m which Qarmracmm higyeofaand wfwhith is shaver iyomay of

Hlialg&at(ﬁgg gﬁgq%%%&inen in w ﬁ Hletdqs%gg%rﬁgi %E g? IP[ is 10, be

&' inder st'06 odi nent'’s
miiyrstmad titat thic zentlodinints hray bt utiléded eidhsigemiraiayanpes mede made

Wi .t houyt departi fro he scope of the present
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arasehiopgitidaallnen the avehoBrierainatish of thegiogigme o clgagated web
Al vRWagfthdn9 quﬁgkegﬁuﬁﬂé%ugﬁglﬁ%rb&%lwéb‘?Sﬁérve%am le,

processi ng st eps For "exa nts of
ernlaadinaents & thadisdhes uiggeay tteolsqfdat@ ifacilitate eh@lmeghbm‘menb@tm@e kyers

%% r%ll tﬁcHJo?%ﬁ%{o% a%eb%hﬁ%h %ll tg ?&Pﬁlhﬁlﬁ&ﬂ%ﬁg%r%g d[‘ﬂE Eﬂ)gesses

manufacturing process rocesse
drserdhreil herdintree parncudarly ysefint for eligamigthaligrpdradf Iﬁuitl lapler glnétragic

3&?06%%(? onoa( wniy A r!)a%xgs sﬁllged?sc{e?nﬂicglcg?% r%galrséoos &Tglgthg web

0] dmmsmel tlmrioﬁgnamwbveﬂo@osiebreomy pevida @eﬂlcain:gpdsiﬂidh detectivatand do
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illustr ted‘ﬁfEX t he.various enbodi nents %)lsc.uss.ed
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POSi tTHRpHHIEAEESS tROSedBRT Eschéa e atonaiedlyROmbE s ffi@hanges in

Tl anenoashes, 1 e, RLesent g sshosiine avigratleal 1Y

increased (i.e. the web is stretched more) the longitudinal web fiducials are stretched along
with corresponding elements or features formed on the web. This allows the web fiducials
to be used to accurately track the position of elements deposited on the web. For example,
the fiducials may be deposited on the web substantially simultancously with a layer of web
clements. As the fiducials and the web elements are deposited, the elements deposited on

the web and the fiducials experience the same amount of web strain. The fiducials may be

used to accurately track the position of the web elements, regardless of the amount of web
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web strain that commonly occur in web processing
applications. As web strain is increased (i.e. the web

w0 200808888 hed nore) the |ongitudinal web fi ducPEl/ES20B088090

stretched along with correspondi ng el enents or
features forned on the web. This allows the web
fiducials to be used to accurately track the position
of elements deposited on the web. For exanple, the

§tfa%9's@$s§qd§ﬁypr9&s§$§ p9§1h§ ad aﬁﬁ}oﬁéﬂ@s NRYiRY Q@Ireﬁ\nadcﬁila{ey
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RSXE%S tlS% ac%ﬁt?r}uﬁlllssﬁg%esdlsgn ?e% lee:lglgélt | ax1s ql,]f nﬁe wgb such as
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ﬁhﬁﬁs eHa§ IB@ a@d t@h@agnﬁehﬁ)tﬁ Qagk badfimalosidish 5f @E webeTreb
such as along a web ed% The f.iducial marks generally
1

framhangtiag PB?%rSﬁﬁ’é‘F fing npsitien Gpfermation previdgs gh resolptiqp Rogition

AR uRBRNZARLPa fafedididBe.t 0 the longitudinal axis of the
web. The fiducial nmarks nmay be non- Ferl odic or

per | daiseme gipkqdimenss, gisinglesa iplly gonfipyoug Bgucial mark may be used

{OQE&H&MQ 'ldﬁéitu(ﬁﬁ(dl ﬁosrtfld?lr A@@i Etﬁ)sta@t?al g%%ﬁ[ﬂugl?sdﬁduelamﬁ& 1s
det ai | eowqﬂferlomfl |a mar be used to

dlestestadian e shotddat oarksd 1 alirgoseid plong dhei lvnaﬂndml axjyd Oguepthe web
Td?ﬁn (F%EH gﬁt fg%e?%g@@cﬁ#éﬁ Q\%i s Fxh%ﬁiapﬁﬁﬂkg hr%rl‘lsed as illustrated by

I nfor ] ‘resol ution posit
tire aivei 1 @havdtcopve t03amirks ofdiglire t Antles of twogmntlally continuous

ﬁ@%?a‘ijhl tsgchka% tl?e S’l%' 191 %H(P § s db? lnaMcs %Povﬁdeg HAH ﬁd&nt 1nf0rmat10n

ucl a used
polingisostanAalty Ingliee n@smmtrmnﬁtyadcbqraqo add neuditus)nft]naﬂwmu@e mark.

mark|S|IIUﬁ ﬁg as. a gmdal mark 101 di s ﬁt

al ond™tHE° P8 gqr PO S lgx‘la m*lr 27M8Y CYRE SR LY Cicptnuous

fiugs b€illbAvatddrin iEtgher e rmguétgme lbﬁ;nub%ﬁne:airlésrlms pz(ljrdailar[y&l‘skﬁl for
) ) trate e and cosi

By ial B iRt hods (R DRUSC il of e s P S UERaRE gy PortS would
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cosi ne 303 mar ks, pr.ovi des redundant i nfor

Oh dreangl gineulieiharing Apits, niR-gie flopor ke rqSPﬁ%Wn? web longitudinal

BGELANHN- 1@@5& iB&QidétcbAMubephtBrnS hiRGlse pemhe asliMusHQITE by the
enbodi nent s, e fiducial nmarks may conpri ses

?ﬂne]é:l@% @@ce@y@ﬁpprﬁ%g@ fiducial marks 105 of Figure 1D.

Substantially continuous fiducial marks such as those illustrated in Figures 1A-1D
may be used to track the longitudinal position of the web in systems where lateral shifts in
web position are negligible and/or lateral position of the web is maintained over the
longitudinal distance tracked. In systems where the lateral position of the web is non-

negligible, lateral web motion may be controlled to more accurately determine
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marks as illustrated in Figure 1C. Piecew se
conti nuous marks are particularly useful for fiducial

wWOoreooRiossgsiret hods t hat produce voids in the webP@ITES®07/088090

conti nuous marks would cut off a portion of the web.
The fiducial marks illustrated in Figure 1C conprise a
series of diagonal lines 104 having finite, non-zero
slope with respect to the web | ongitudinal axis 102.

PR BtldiAEA tandel %&%ese?nb%@ﬁﬁeh@ LRk R3b h2fiB mf Bo Bied and
possi ble as illustrated the non-linear piecew se
el intepeepint duding |dauernm¢tko§ Oi b@gmdnﬁl gistarce} D.
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ti.on be detecte nd t
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10stERRR skiRIeRtAlihaN®; forat@im latéRbpd¥ion @Ad b Series of diagonal
determ. ned using. the weh edge or fiducial nmarks

tes A% By %ﬁmgr%@gwéfﬂnal PBSrl“‘éklaﬁ&ioédan‘ée\X)élb sergebodiment. The

anibgendBiludtaf@ idFSRRIEds pidUgIREUMRY i@ infi€king methods
| ateral position information. The |ateral position

thafrapduge Boidnip thiowelsaigh preustingiths web erdasehiblaior obthepsbe
cont i FHdGdRcihil AR @mpiRE Fﬁaﬁte'ﬁﬂg @lagP BQM”JeQJ&eebloﬁ) RIS Malveb. ™

p03|t|on i nf ormat i on. ure lustrates a
piichlogptigurationg éherfBicy] @9% é@duihteteﬁbermmnm@ erhgfiectedyight.

PR Méﬁ%mfa}%e a4 ey Eplﬁeg% e QfLb B2 f dh &1‘[ gﬂﬁ‘t!ir{g' gﬁ? rlf%atl r%rinting,

sine 101 and cosin mar ks ngi t™u '
e iptintore, Beqrgianigng. ablation nd@rnmehwwm sorteng pbelis e ndasting,

{;:oagﬁ'égnd/oro'ther ?tthr tes a series horizontal lines 107
ensi n eral position and a series of diagonal

i nesFigi3d 2Aasr a lslecisdhwgarln@ﬂg webidositadn doestot canfiginrd to determine

ne d The con ratio
e RRERART ! el By SR8 poc PR ATl o g e
ﬁmaimrealln Y émlmgmmt hadgld saador Proiducd tv SandSbath ldngﬁudi\ﬁﬂ) and
utt] b, or | ser abl ation of. th
Bl ik oD B e R iaRne TSRS bk e »
Iét’era’:lﬁlﬂhdlﬁdn& @ sdcbed wakor id Re@ptsehsla IQ@Iﬁﬂlngfﬂlhdn@lﬂﬁarkt he
fiduci al s nodul ate either . trans

refl e%%lélasqaf EH‘E Figpge Avifierecbrily ingldgy egl&dmab{sqlwam%ks

EMDHrURR Y af @8RG tmatils ®g L 208! rmé WR9207 )bo Ha€h 140 rh I dubE} mark
| aser printin | aser narkin abl ati on,

ST 18 BIhoEZRN %é marks246; Bisile w g)gﬁSﬁ@betyygegltaI rljers 208, 210, the
sensor 212 senses both the longitudinal fiducial marks 204, 205 and the lateral fiducial

mark 206. The sensor 212 may be camera or other type of optical sensor, an
clectromagnetic sensor, a density sensor, a contact sensor, or any other type of sensor
capable of sensing a fiducial mark. In the embodiment illustrated in Figure 2A, the sensor

comprises a CCD camera.
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coating and/or other nmethods. Figure 2A is a bl ock
di agram of a web position detector configured to

wa@leqoe0sione t he | ongi tudi nal and | ateral positiRCI/082087/088090

web in accordance with enbodi nents of the disclosure.
In this enbodi nent, a single sensor 212 is used to
sense both longitudinal and lateral fiducial marks
204-206. In other configurations, a first sensor is

used i REABSE e Ladlchd Al if H1?éé?e'd% n%%g d&ta %&ﬁ%‘i‘t%n%‘i’fr@&% 214

is used to sense a |ongitudi nal cial mark
thpy aggires padidigitizes tgwn@gzﬂ\f the ﬁéucwd naplg20f38p lfF@@Sthe camera 212.

AL il R SRR AR 0

firagteditah dilgaalkm@gﬂmoqesalmggsyatem&rlﬁ Z Ehct dikitaamige20@cssAm syktem

%%b ngp%es%s%%g%% eylver 1¢ s% {lg éAr?es nﬁ%g 't %%gens&pﬁdu%%%fﬁks.

nses
PSsignt @h@atb@bﬁﬁmId1gitaldma'g@1bromslkg A06m Zhenaydrotpulh2

.. De anera or r ca
BRE it AR Boudt A5 Tant 1PGufty R e RLaR TR Hersplono.
Blﬁ?ﬁﬁﬁoq ﬁ)(:Sm dnylatetahesb %@D@r&ﬁéte&&f@@fm@?ﬁ&b&cﬁay&ge bagisidigl
a Tl I mar K. n .the enbodi.nent | ustrated I n..
?‘—‘F@H‘?Séloﬁﬁ?teftﬂ%ﬁ;géﬁ§‘?:}Pn€:eolﬁ‘6m0gﬂé‘ n 8% %B“é’é‘i?é‘?%?’“‘?‘h@osmon- The
RU¢iRIdinaDindtisteraCigu¥RIoa d2denih&l i theRhgichdidl WoRg&Ritdatddtector 218

%WSUISItIOH circuitry 214 that acquires and digitizes
he kiege wsb oS Jtsiter 470 FRPAES SbAMeds QRghfoHBOve e

SR8 ¥ st@thZon Idi@edtb bt tHe TRBRuMhaltah@ 1atdral '156.4;1?& SBRKSeb.

fromthe image data acquisition circuitry 2

Hripgatbe@ntady gorfingpysdidurirbigerkp o dsndies] 848 P@%l@l@: thehe

gdsgioh%k tﬂe%g%a@rbe QeRFhiNG S%R hE&MLY Br BAR} %ZL$ nfidden. | TROE
0 generate signals corresponding to the sensed

gdcuaey ad respiution arpHlstesinigpdbysseyerakinetps d Opg fackns isdheylevellof
+dﬁﬂg§ 1 12?9 ?iﬁﬁ‘c?él %%6&5&@%@#%?% gﬂ% ﬂg%%vpsua{ndtagal He to the sgnsor.

ongi t udi nal position opti ona
Tt laghair theeentrast thedatagr roplugoOthat wiflbepassitdenr Aradlar tfer'upr

%f%tﬁ? A ch 1%? Bl%sr%stoiu%on %ﬁltoxevcst all tl%%r%ngl_X(g chleu(%g% (ﬁ¥ar} lg]e made.
Yeﬂaaot;hed mcttbmffeoﬁng dceurhcg/l’@dir%dlunaﬂ iswedrephgioniofthe sditser. For
| ongi t udj nal an ition.

oAl i A AR s Rl bR S bR 15 LB e ek, o
m@d’lutﬁtmﬁjf tab@in 0 A8 theabay or226h aboesPEaiidroreis Witaifdye. be out put
to a t o trol stem canfi.qure 0. cantr ol e
oo TR 2 i B R Ot R S ObL s
sufsd. &ﬂglhraDB)éhmdLﬂMthsrkﬁ pocoa 20wtk thofmage field 270 of an
Iongitudlg posi tioni ng, t he position of the m?
HeSPrd SN} Wé&ortoatpaﬁ 2B Xei Lieyrav et Bt Byt epgpeng the light
Hﬂe%i%)rbf ea_éh%lxel location. An area sensor provides a large amount of data for signal

processing. The large data set allows comparison of the current view with the last view
and more sophisticated filtering of the data leading to possible advantages in position
accuracy, for example. Area sensors provide a slower position update rate when compared
to some other types of sensors due to the time it takes to acquire and process the relatively
larger data set.

Figure 2C shows fiducial marks 204, 205, 206 within the image field 280 of a line

scan sensor. The line scan sensor outputs a 1 by Y, vector of pixel intensity. The line
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accuracy and resolution are determ ned by several
factors. One factor is the level of contrast in the

WO t@8o8sa50 mar ks produced by the marking procesBCHOS2007/088090

avai l able to the sensor. The higher the contrast, the
greater resolution that wll be possible. Another
factor affecting accuracy and resolution is how smal |
the repetitive cycle (period) can be nade. Yet another

{Af L@Eorphdvas 're[b@d G180 A6Nat@Neheh %@ﬁbé&&d QMhd red RBsor, but data

resolution of the sensor. For exanple, with a sinusoid
$tpr@gﬁz¢fahemv10n@15@rmm¢€p@ﬁ@ od and 12 bit sensor

I I
;gggtmg_&g%ﬁle 2158 1 GSA! Hirk P08 5396’& @ﬁ B 3@de £RYEEH0 of

mcron I's attaln %—Ilgures
@ plogssiat searyenex. aﬁrpﬂleedlymﬁeatsmm semgseallfoweth@uscf towsgledtalissnumber
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ddefoarigeal pereseing ohuanpht lmeananxmuys Miwar ray of val ues

t hat t th { t
| ocar TERTEAR spih kg HPatP st gyl gesotuion.
Bateaarthgle, thd @ﬂlﬂitucm oL s &iarlg. mafte nlade gelath@taapesibleab ndwsnize

he. current e |ast view and .
R PR DR 0B M e diemagorith A 4dfechokdl Hgops Marein
PQHSWIbaRAYpRitRY RFofsN TRO Bnkin@ihaR Al @eYy bd RlecRY @Hﬂéh en
Area sensors prqvide . a sl ower EOSI tion update rat

%Péﬁedc%‘?fé)@e‘%%o[ﬁsén% tharpet pish ot B SWe AR FIng g 204, 203

ti?ﬁei fré’EﬁleﬁJy ah @881k BeRGH PékistNde P QGRS Stebft® slopes, and more
tively larger data set. Figure 2C shows fiduci al

waqlkfsonzl@&le loggudipgeligrtion; Antrecssikely bigh peshicapgeriuge signal to

hdiR&a S5 %Q&Qéasesﬁﬂ@rehﬁlﬂﬁ s§1ﬁﬁlﬂ1g51§fas Ghe Qlﬂhﬂ{:fﬁl%aﬁpﬂ-ngbrxw
Yn vector of pixel intensity. The |1 nescan sensor

A@As dless ne moredthpo’s |cy¢l©naseq§dpa‘wsn WSC blopay e doneention &
Ah&ited GePh san%ﬁl%gaﬁé 2 1@&%93' és th ﬁrhtsélgﬂnﬁ 5%[% Awbed.

I'S required I gure UCIa
Paschiceabshovapling tabd varicheiti ‘rhagsepeforf eetndor?_t@@i biit rates in excess of 1

gq_’lTO mﬁ?ﬁ%bYew%%%e§§£ﬁgor Cener al | y area §can sensors

€ user to se t he nunmber of |lines to scan,
e. 9. , Thénliagdanoof Kigire B ilhusiiner a mdthed for dgrmssing dongtatinal web

t
SRR oG S ot B Bty e B DT R O ensing
BEY dos o2re sADGantialy &I&ltlﬁ@dills @dudid naclki cﬁspesddHOKngimdiﬁhally on a web.
n. For exa litudes of t

esol uti on. e,
SR s e T e el ST e A erustel Sy
RAditud2Qbpostion ion the Kb iiNBGEMItee B3Rl tB8§hns&%%n@IE t he
sensor nme margin to allow for @%teral sition

err orPserloel*ﬁé‘chdﬂélFatr]E?d?%SIas SRR chge ket BEPrmaduythat

®By be used to determine coarse and fine position of the web. The coarse position may be
determined from periodically recurring features of the periodic fiducial marks. In the case
of sine or cosine fiducial marks, the periodically recurring features used to determine
coarse longitudinal position of the web may include peaks or zero crossings, for example.
In one embodiment using sine and cosine fiducial marks, zero crossings of each
cycle are counted to determine coarse position. By taking the arctan? function, with
proper sign handling of the sine and cosine signals, the fine position within any cycle may

be determined. The diagram of Figure 4 illustrates a method for determining longitudinal
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expected speed of operation. Using a sharper pitch of
the sine and cosi ne marks 204, 205 (higher frequency

wW@rwsesmbl er peak to peak di stance) provi des SPEEPS2007/088090

sl opes, and nore resolution in the |ongitudina
direction. An excessively high pitch can reduce signa
to noise ratio and al so increases the required
sanpling rate. The m ninum sanpling rate requires that
#% PRIR LIRS céﬁe%ﬁ Iige B@hﬁ?o%ﬁlgbﬁ&l%férfr&@ﬂm SRl- comé’\ﬁéﬁﬂa’
operation i S enhanced when a sanpling rate at | east
merka Binprewd qoiiae miarks Wisnpssd epHiervgbragg ssnied and easorFresals are
f
BALSHABL PO bIA B 88 M AR Rl g
wintctpre@seip gowparsae 430 h éltanala@baumvomerm gorexaBple, lateral web
1L us )
}nco)!slclﬂ} IiI[1£ aﬁe t?]acg%cfggﬁng gﬂ%tglggwﬁ?lﬁgaz %g\{ gsufﬁ)ysgaf ftlc#% ap%arkvy)? web
eﬂge cTmsuglethe T f rzréztthahtefemnoé vieswebang)i begacBikfelypesiooned within
re subs ant ﬁ YinG tlnuous fidu 4@“ mar ks diﬁﬁp%eg (3
ﬁ"d‘is? all 'é GATR® %"“né‘é‘ﬁ%‘i‘ “%af‘éﬁ SrigT Wl § dUREHAT RGO
@mkﬁhﬁy%@ﬂﬁﬁdB&ﬂﬁﬂﬁ&ﬂbmﬁﬁﬁbamah@hgﬂnef@beﬂe&&nmﬁﬁhagmmis
ong i nal ition t he web is determ ned :
}Z&’é‘ﬁr&nb ﬂ@“‘%‘«%‘h ¢ %VF‘@ HA eﬁ&?ﬁ“&%‘%“ g ?ﬁn%w ¢ fhaximum
sldGhinRSuns & vane bOgack Oigé MRl JRinK SalGOMNA Shdhgé O KJEHTRE | hfaRimum
that may be used to determ ne coarse and fine §05|t|on

ek ppbthg apnimuRepeals iy foeed selationjty prchgihcpdigatesd it athe fabl
g@moﬁ QF gl ey, DReHIEdE Jradisthefiuehl & PRIGRUIAOHIr&luces both
ducial marks. In the case of sine or cosine fiducia

feakBrocesHag papplediyceamell ap eduses thedag wae of the mggwgpnicgt. A web

Ak ST laRE bE RAUTEr de%?ﬁin‘iﬂg%@ﬁl mB@shdnt. 0N of the web may
I ncl ude peaks or zero crossings, for exanple. In one

enmbodihesnie apd pestpesigneals aisdligi daad mayibe filieredrerradeerwiser o
096%§E|dn 99 @steﬁ%@r&ﬁé@QJ@ &} aeze OO OHZE gfﬁ% %{am N§hen th?‘l Zero

oar se posi‘tion t aki ng e arc uncti on,
properis brged, et cmgssmg ig d\vgntsd Al e doamsqub@osngny_mdgt,ermmed
.N e . de e
e RSSO L T A L N B R S
dgleemd1qmdn@pt Ide)tagmmmjﬁrm thmeab:tqmﬂshlbhlathonmbvigesd_@a tiedinampdsition

finpe posi.tion V e from sine and cosi ne

o B PR o R g T R s 1 smoged on ¢ he

web arke p&&tﬁgﬁplh aimigﬂeﬁshxrwgsﬂicglnal Badkk thagene bahngdindd Qja ink jet
to the S|ne nd cosi ne. mar ks

ot RO SF oS 0B E Rl T B ceh FaHRH g Piesesspbtuces some
digbRivalin Ive haiBY eneviltiual FeE fredanPpréntink @toeésalcaMeemﬂdqnort
R N N T EI
Rhy Be ddtRhAtedtRLBLLNEBYs didiR1 PBE:s TTRY tebiti @RS UF @HeRiniple, the
s%(r)lssolrts{g(r)laﬂse genve\:drattergll 12 response to the marks may be level shifted, filtered, and/or
angle adjusted to improve the signal to noise ratio.

In some embodiments, improvements in the sensor signals may be achieved by
linear or non-linear filtering. For example, if a current web speed is known or estimated,
bounds can be placed on the next estimated position update. Any value outside these
bounds may be assumed to be noise. In particular, recursive filtering, such as through the

use of a Kalman filter, may be used to improve the estimated web position. A Kalman

10
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t he sensor wi ndow. Alternatively, a running m n-max
detector with a duration of about 3 cycles nay be

waz@dosdBecause the peak to peak anplitude of tPEI/E51987/088090

and cosine signals is fixed, lateral notion of the web
can be determ ned by noting the changes in the maxi num
and m ni num peak val ue of each sine and cosi ne val ue.

A change in both the maxi mum peak and the m ni mum peak

fiferfub&68@Fo bEMBel s8R §AGMBbAETd doRfbife@ iR B f&i thi bés{'|
the lateral position of the web. Direct sensing of

¢stimated valpp bired e kioyvigleeéthe signals’ statisticsdiibegatisgeshimay be
?éngﬁ%ld i Feggtﬁﬁﬁ op &r g@%a%%r%é’es?& n‘)’élglble g%re{t&fj&ﬁ 2 tc; %ﬁuce the
time o e nmeasure t. Awe ge nmay a
umenhtdtlonal detden. nfigum @ shawegraphs iuseratergtthe Fhmawil pesﬂacmdaased on
Qsin ' | d be f
NG SLANRLT B LA B e 84 e S Gt .
uhenms a:la@slycig: amfor fohtee snfritemdargnal AN evhidhhe substantiadly m&&mce‘tgafter

%ﬁ g ted1 §§%§ crossing is counted and the

dgree 5@@?? is determ ned 450. The arctan2
Thunetbodimats dekeibsd heciant obdg) doatimioghfllucvdiads prsvide for
cal.cul at ed.460.. The agﬁge and ggadrant det ned from

r
?Or’i‘?én'éq“éf% &I PR g R ooy ESS BEYNE HED 1 Iﬁg’]lep@g’fota?}?}ﬁ may

B usbh® pply thelhew eneRdh b kowdrdl Perp6dc0sdSs buchek &veby B&® dT@aper,
The phot ograph of Figure 5 shows fiducial marks that

eV BrER AT BT BUMEFEL TRe eks B @rpepg Ryt Rty caragnate,
BEN PSSRy hddichl @I EhSreddagndyKailaBle (ROLEH thd GsRITRME 8d
produces sone distortion in the marks. I|ndividual dots
¢osthmmane DEevides high netse dpmuniEyzd gHoOwRICRUR Y B ISFitionigg. nfhe
&if)%abﬁ:es Gfd &chtlfai;l%gé?ﬁ v@leﬁ lis é:c’lrlg b&ﬁuﬂcﬁo@lv%ﬁ’ ek il s
I'nperfections in"the fiducial marks may be conpensated
t hr oulfjﬁ forgggingideseringioalof he geews cpmgodimenit phthe disclpgure has been
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AR Fyr DO RO RSO B JERAHENE B L Dol ERARAIELL O o
exdipuntiv e or tpdnmltrtm divadosubeeto shegnahsetf@mndiscsl@ed aMamy mpdifis@ipes
nts,. ..k n n
g K Vi%g%/tgogls %)% plolés@% fr?l\ﬁ%rﬂ{e%ﬁe %b%ﬁée %rgch?n% tSIP 1$ nﬁ&% (?_ h%t trﬁ@XcoBe? of
thx arvphten bieflinated motrterthis vethilsiplesotiptisn, Ibnumhedxy s tllam&ta@;iended
ﬁo%nds can be placed on the next estimated position
Any val ue outside these bounds may be assuned
to be noise. In particular, recursive filtering, such
as through the use of a Kalman filter, may be used to
i nprove the estimted web position. A Kalmanfilter
uses two or nore sources of information and conbi nes
themto formthe best estimted val ue based on
know edge of the signals' statistics. The statistics
may be
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generated in real time, or for stationary processes
may be generated offline to reduce the conputationa
whenodessesFi gure 6 shows graphs illustrating theCcT/US2007/088090
esti mated position based on noisy inkjet data before
610 and after 620 Kalman filtering. As can be seen in
Figure 6, there is a large cyclic error in the
unfiltered signal 610 which is substantially reduced
after Kalman filtering is applied 620. The enbodi nments
descri bed herein involving continuous fiducial marks
Phhetip dleinfedris:cont i nuous tracki ng of the |ongitudina
position of a noving web. Sinple approaches nay be
used to apply the web fiducials to general purpose
hebs Agetodso dadymineebkepasitiopapar ¢lofgated webywowpnisiog:
nonwoven terial. e _web C g ol.yest.er,
ol y oA @ el Bty ot SRS (BN ER
loegiuddaiig yn teaicbablde t hr ough t he use of sine and
cosin

K i des, hi gh noi se i muni d_all
cccurgta s PoS AR Mo AEESeh BRERbL hs B mkE

particul arly useful when used in conjunction with

| exijl e bs.. The foregoing.description of th

ar 1 oS RS SiHE & BFG RemBu e bsafits Rp laigil movement
priesweed.ed for the purposes of illustration and
description. It is not intended to be exhaustive or to
limt the disclosure to the precise formdiscl osed.
Many 1TRGhdihdaalr RS 1 aREkrMALdndink ARon8 bEmBRIRIuBhEmArks
light of the above teaching. It is intended that the
CUHPECTENYIONC ) BIREY %hstﬁélaﬁy Fentigeous perigshic fidiicial matksi | ed

K IBP\;%%mafP%n{h_@W%Sf_ by the clains appended
hereto.What is claimed is: 1. A nethod to deterni ne

the position of an el ongated web, conprising: sensing

ne ti ' o . . S
T opo s Bl PR Ry oL WAV, ARG MRS &
tamyis¢sudingieg onges imoiconnuedidal Helugielmishsdishoserl tohgtuflindllic pmthe

ks. 2 The nethod of claim1, further conprising
coripensating for lateral novenent of the web. 3. The
met hod of claim 1, wherein sensing the one or nore

Cducial K : :
Subst R SBRE Pt BEEn RO Re R E petbrde g rage
cingpsadndigngfidustil matd having atrépgonnetoh a finite, non-zero slope.

6. The method of claim 1, wherein sensing the one or more fiducial marks
comprises sensing a sine fiducial mark and a cosine fiducial mark disposed
longitudinally on the web.

7. The method of claim 1, wherein sensing the one or more fiducial marks
comprises sensing one or more piecewise continuous fiducial marks disposed

longitudinally on the web.

8. The method of claim 1, wherein:

12



4. The method of claim1l, wherein sensing the one or

nore fiducial marks conprises sensing one or nore
wa2wessiosml fiduci al marks di sposed | ongit udi NBCT/YS2907/088090

the web. 5. The nethod of claim 1, wherein sensing the

one or nore fiducial marks conprises sensing a

fiducial mark having a region with a finite, non-zero

sl ope. 6. The nethod of claim1l, wherein sensing the

one Qndiiy e HAHGI AL fifREH HhafQUBMPIES s&SME borBn&t B&riodic

fiducial mark and a cosine fiducral mark di sposed

fidnsesl madkisaldl y on the web. 7. The nethod of claim i,

wher Qie&rrﬁﬁlﬂ%' Ao RGINE moma%ﬁleuegkssﬁlgdisem&%nnm%me

conprises sénsing one o?ﬁnnre pi ecew se contl nuou
fongitidlinal paveiok asgil op psalidabin gictuung Meelrgs ofthet dme onvalore 8.

%Q%dﬁ%ﬁ@&ghﬁék§lai”‘;’ mherein:sensing t he one or nore
i duci al marks conpri ses sensing one or nore periodic

fiducial marks; and determ ning the |ongitudina

osi ti,on _of the web conprises determning the
ﬁongi}ﬁdW%%w‘ESQF??ﬁwxggged on periodically recurring

f eat wemsngothe bilteoramee Aduciad harklebinpties sdnsidly ohadbr M®&E ksriodic

ﬁ% TTe ggth d of claim1, wherein: sensing the one or
HE PPE0ct™l mar ks conprises sensing one or nore

per i aitegmninind RhgifRESposadd od ik &eBicoinpigset:ne

| ongi tudi nal position of the web conprises: . .

det er ni ni ﬁ‘@te%{mE’é‘%P§%afﬁ%1ﬁﬁglfuéﬂlﬁ¥?£51tlﬁgg?sﬁﬂ ohPHindicgllp

per i aghe@dd BathR6 UF th Bk dredrdlp&RdRffidubial AfRs;@hg NOT €
periodic fiducial marks; and determning a fine

| ongi t udi H&ETHBEE ifieA | ArgEedna RO TagidongPortionE oo oty or
mor e hidahadl Ms“%t\p&h%%ri&{l&ll@%duﬁﬂigq@itﬁrxs.r ecurring

features. 10. The nmethod of claim9, wherein: the one
or nore periodic fiducial marks conprise sine and

fPs i nlqlefnilé#ﬁ‘b(ai ot Icla@@,kﬁlieré}ﬁl.d

the one or more periodic fiducial marks comprise sine and cosine fiducial
marks; and

the periodically recurring features comprise zero crossings of the sine or cosine

fiducial marks.

11. The method of claim 9, wherein:

the one or more periodic fiducial marks comprise sine and cosine fiducial
marks; and

the periodically recurring features comprise peaks of the sine or cosine fiducial

marks.

12. The method of claim 1, further comprising determining a lateral position of the

web based on the longitudinal fiducial marks or a lateral position reference.

13. The method of claim 12, wherein the lateral position reference comprises a

lateral fiducial mark disposed on the web.
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the periodically recurring features conprise zero
crossings of the sine or cosine fiducial marks. 11.
wab@sstodod of claim9, wherein: the one or noPEI/US2007/088090

periodic fiducial marks conprise sine and cosine
fiducial marks; and the periodically recurring
features conprise peaks of the sine or cosine fiducia
marks. 12. The method of claim 11, further conprising
determining a |ateral position of the web based on the
| ongi tudinal fiducial marks or a |ateral position
Hef erBweecthotldf cleive 1 rethetsin e lagdralingsition rofgience comprires a web
% geral position reference conprises a latera

uci al mark di sposed on the web.14. The nethod of
claim 12, wherein the lateral position reference

V\ﬁnpr'fh%%eﬂ?odv&%glaﬁa?%ewheq’em The met h.Od o.f claim1,

erei n: sensin e one or nore fiducial marks
conpn%mﬁmgmgem5namnmgmsmgnaﬂscompMEsponding to the

fiducial nmark and Iter| i.gnal s: . and

et or m ni AR REay bt b Aot e PR ke ik based
on the fi diletigd thersipkss; adpri ses deternining t he

| ongi { udi nal ition of the i n filtered

o F oo detTmige RO Bhihabbostiof obR e bifiang e fdab Rl RS

¢dn@riveedcimimigahd lodgiGidalal PRIHOR of MRWb IR tRaNScdPighals.

sine fiducial mark and a cosine fiducial mark; and
generating signals corresponding to the sine fiducia

r@r kK aRdhdilR gerime, fhedgi al mark; and determ ning the
| ongi tudi nal position of the web conprises cal cul ating

an arensiigrhe ppecaringyie Buciah magis gempigs:cosi ne si gnal s.

17. The mg&{gglg aQfne Haakia mark b 4 &%fne%ﬁ&ﬁl‘ rﬁdrﬁ Ghnd
control ling Iongitudinal novenent of the web based on

t he | ongi wefiratae sigoalp egrepgponding to the sine fiducial mark and the cosine

fiducial mark; and
determining the longitudinal position of the web comprises calculating an

arctan2 function of the sine and cosine signals.

17. The method of claim 1, further comprising controlling longitudinal movement

of the web based on the longitudinal position.

18.  An apparatus for determining a position of an elongated web, comprising:

one or more sensors configured to sense one or more substantially continuous
fiducial marks disposed in a longitudinal direction on the web, the one or more sensors
configured to generate signals corresponding to the fiducial marks; and

a position detector configured to receive the sensor signals and to determine a

longitudinal position of the web using the sensor signals.
19.  The apparatus of claim 18, wherein the web comprises a flexible web.

20. The apparatus of claim 18, wherein the web comprises a polymeric web.
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18. An apparatus for determ ning a position of an
el ongat ed web, conprising: one or nore sensors
W@ omBlgassed to sense one or nore substanti al | yPCT/US2007/088090
conti nuous fiducial marks di sposed in a |ongitudina
direction on the web, the one or nore sensors
configured to generate signals corresponding to the
fiducial marks; and a position detector configured to
recei ve the sensor signals and to determne a
| ongi tudi nal position of the web using the sensor
31 gnalhs apnaatusipfeclaap d &r wibqigin dfc wdbaiompligs apear fibsr, tparen or
&ﬁgmggﬁg&kﬁﬂs a flexible web. 20. The apparatus of
erein the web conprises a polyneric

web. 21. The apparatus of claim 18, wherein the web

npr f.i.be ve n r
S TS B PRty el B R AL R TN TR Sl
briechu mioad simepkigl fodmojal meks.one or nore si nusoi da
fiducial marks. 23. The apparatus of claim 18, wherein
the one or nore fiducial marks conprise one or nore
#3. ducitalappaitlsofdidadi’f whkréah adrgneabt hoR fldayiel maks comprise

el enments.on.the b. 24. The ratus of claijm1
GG Q1 9 iob BT oipshel LHaEr Bhs] PISBCnE BF ity e
optical sensors. 25. The apparatus of cl aim 18,

wherein the one or nobre sensors COITprI Se one or, nore
thrrer 4. PRBAUTHE ABIAr hEEN Hi° BF AT BPESIWREPBPHSC IR e

hbAuptiad ssmeks conprise periodic fiducial marks; and
the position detector is configured to detern1ne a

coarse | ongitudinal position of the web based on

Per i ofjeGahdr¥ud SR 1RIwAERH WeSRe Bf mBQ%eﬂ%%fs nglbﬁse one or
fiducial marks and to determne a fine |ongitudina

powiceingiss-of the web based on portions of the fiducia
mar ks between the periodically recurring features. 27.
The apparatus of claim 18, further conprising a filter
%@nfiﬁlﬁraemratusdifOllatilerlSt\M]eer@'e:nsor signals. 28. The

PPl il pfla e SHE A Gabls bty comprises a
recursive e a it us of “'Cl ai m 27,

wher Ghtﬂpdsh@nfdleﬂetter is wrrﬁgu'rexle@ daerhfalhdmafse ldngitudinal position of
the web based on periodically recurring features of the periodic fiducial marks and to
determine a fine longitudinal position of the web based on portions of the fiducial

marks between the periodically recurring features.

27. The apparatus of claim 18, further comprising a filter configured to filter the

sensor signals.

28. The apparatus of claim 27, wherein the filter comprises a recursive filter.
29. The apparatus of claim 27, wherein the filter comprises a Kalman filter.
30. The apparatus of claim 18, further comprising a control unit configured to

control longitudinal movement of the web based on the longitudinal position.
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30. The apparatus of claim 18, further conprising a

control unit configured to control |ongitudina
wWOorengsseso of t he web based on the | ongitudi nal PCT/US2007/088090

position.31. The apparatus of claim 18, further

conprising a control unit configured to contro

| ongi tudi nal novenent of the web based on the

| ongi tudi nal position. 32. The apparatus of claim 18,

wherein the position detector is further configured to

compensate for |ateral web position shifts in

Het erierpprgatihel dasmdSt lughergbmpogng ¢ emtroB@uit cppiagured to

aRRBL Bhf Bk Gb AT hnd WiF DSt GAMPIchefMhal fliBher al

position sensor configured to sense a | ater position

reference; and a |l ateral position detector configured

d r teral 0Si L. d

15 er i By BT B0 BRPOREN 4BBRH S, Rl urarsg o

GBypehsard foektecad mpb psditig shifsomti¢taimining the dargitidjual @dsitian.

control lateral and Iongitudinal novenent of the web

based on the |l ateral position and the | ongitudina

posi tThenppedratihel celn, 1 87 speebmpidiyg: 35. The appar at us

of claim 18, .wherein the fiducial marks conprise

pri nt ateﬁtP?@éPOBﬁe‘%sﬂ‘éC%gE‘?re B Sehyé l%fﬁtﬁtxﬁ’oét“é?& rﬁj?re‘&“lea‘i“’rﬁ
18, whetkeil positha deictidedonkigimd kSdceamik aSetBs& poafibabadd
mar ks on the weh. 37. The apparatus of claim 18,

NhioF Gitsralinqetion $ERESISF mar ks conprise cuts or voids in
the web. 38. The apparatus of claim 18, wherein the

fiducial marks are enbossed, cast or coated on the
kb, The apparatus of claim 33, further comprising a control unit configured to

control lateral and longitudinal movement of the web based on the lateral position and

the longitudinal position of the web, respectively.

35. The apparatus of claim 18, wherein the fiducial marks comprise printed marks

on the web.

36. The apparatus of claim 18, wherein the fiducial marks comprise laser ablated

marks on the web.

37. The apparatus of claim 18, wherein the fiducial marks comprise cuts or voids in
the web.
38. The apparatus of claim 18, wherein the fiducial marks are embossed, cast or

coated on the web.
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