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and nore particularly, to inspection of continuously
novi ng webs. BACKGROUND [ 0002] I nspection systens for
the anal ysis of noving web materials have proven
cr i ViUa T-UNT HERO G ERd Adr PHY %HZAHEON OF IMAGE
I ndustries as variedN§BEﬁﬂﬂéﬂqSXEﬂWBﬂS|on paper,
nonwovens, and filns rely on these inspection systens

for both product certf] ' d.anline process
nonitoring. One najor*%kﬁﬁ&%§¥¥3aaﬁ£&he i ndustry is

(0008} ahedrdséhttienbidh FQIBY % AtdRate@indpdtios 85 §yshdnd, 8h®fore
required to keep up with current nanufacturlng

pagticleds stednspygticn afebstigfouslyrmeieg aeby vi abl e wi dth and
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unrol l'ed, processed, and again collected into a rol
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SUMVARY [0004] In general, techniques are described
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ormn
or even weeks, often utilizing multiple production lines at different physical sites. In these

circumstances, it is typical to collect the web into a roll after each process and ship the roll
to a different location where it is then unrolled, processed, and again collected into a roll.
Each process may introduce new anomalies into a web which may or may not cause the
web to be defective. Moreover, subsequent processes may make detection of earlier

anomalies difficult, if not impossible.

SUMMARY

[0004] In general, techniques are described for the automated inspection of moving webs.
More specifically, the techniques described herein are directed to performing spatial

registration and combination of anomaly data collected throughout the production of a
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regi stration and conbi nati on of anomaly data coll ected
t hr oughout the production of aweb. That is, the

W@ ewbmi4ques provide for the spatial registratiBRCT/HS2H08/070069
conbi nation of anomaly data coll ected throughout
mul tiple unit operations being perforned on a roll of
material during its production, even though production
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the positions of all ‘anomalies ected at all stages
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factors. For exanple, a conversion control system may

angpyEs daeatcH pt apgipgeser avebpronssungl edndet angbized af plater time. Once
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pl an haV|2% defined instructions for proce53|q? t he
cowrﬁl%mntr piestere ey subRe ey SRP L Q6 ror 1w defisgh deksgting

algBhﬁn?sgtg;ﬂ?% %g?ér;ggge%}foﬁﬁlly A3 tEMiRYe ybgenerate a nversmn plan for a

wep (nd)lda nThalis, mlnmmhm&m&ontoonpol&yst;merg:w sellewft geg;‘&dsel(r); glan having
defo IE)etdI nrlrsa[{rucktjltmllsl tlo% %}olc(e)snsm%fthg Uveeb\yoelp Ji"O| (lie#o ct detectlon algorithms applied
by the conversion control system may be application-specific, i.e., specific to different
potential products, to provide for increased or optimal utilization of the web roll based on
the aggregate anomaly data. The conversion control system may communicate this
aggregate anomaly information and the conversion plan to one or more conversion sites

for producing products from the web.



t he aggregate anonaly data. The conversion contr ol
system may communi cate this aggregate anonaly
WO pfoor@sd on and the conversion plan to one orPEDDS2008/070069
conversion sites for producing products fromthe
web. [ 0008] The use of spati aIIy regi stered anomal y
information that spans nultiple manufacturing
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[0(}919]) i) ur:txamplep ntmejsbe pmlbdmmtrhentaaxagptretmn of quct pesition within
ossbgle to entl

il eGPl odREOT pRECGarharalienSr iyt ppsys possivle
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ﬁn@lqﬁ‘@dhi(ﬁi ng perfor m ng a plur aI it y of operations on a
at a pI ural i t% of manufacturing process |ines,
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eadhI dr&ke ﬂnﬁﬁ&fﬂ&ﬁﬁné’%&ésq{ﬁeg 1R rdif theo 88 lanGthally § 8PS A for cach
he web containfng anomal’i es, registering the position

of dlatnaarmfacnhmgl poeass hmsrm¢lydesnfoelrtlnatdatarf01f mettoﬁ eegions on the web
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term ne which t he anomal i es represent actual
angdgfieg pidcish a pReionet theagagrepatopanoniapyinforawtor fadasermine which of

thei agl\g}en:] ﬁl: br%gen& [agt%&lg'cleéécq]s ANRL G/%{) a%%%%uuﬁ?&%qag coalllggrsmn control

plapl urality of manufacturi ng process lines that perform
urality of operations on a web. The sg\g}em al so
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of aﬁﬂa&uﬁngbﬁ)" @%s' l\tn)é I i d]éﬂfdlf@ﬁopcge&‘feﬁﬁﬁs rg%b The

erern e VI ces sequentl a
systemghle iatludes a plurality of 1rnag1ng devices posmoned within a plurahty of

manufacturing process lines, wherein each of the imaging devices sequentially images at
least a portion of the web to provide digital information. The system further includes one
or more analysis computers to process the digital information to produce local anomaly
information for each of the manufacturing process lines, wherein the local anomaly
information for each of the manufacturing process lines includes position data for a set of
regions on the web containing anomalies. Moreover, the system includes a computer that

registers the position data of the local anomaly information for the plurality of



| east a portion of the web to provide digital
i nformati on. The system further includes one or nore
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to produce | ocal anomaly information for each of the
manuf acturing process |lines, wherein the |ocal anomaly
informati on for each of the manufacturing process
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O B0 ST AR LS TE 8 o
on laBrABLHILRRidf manufacturing process lines, imaging a sequential portion of the
web to provide digital information at cach of the manufacturing process lines, processing
the digital information to produce local anomaly information for each of the
manufacturing process lines, wherein the local anomaly information for each of the
manufacturing process lines includes position data for a set of regions on the web

containing anomalies, registering the position data of the local anomaly information for



determ ne which of the anomalies represent actual

defects in the web, and outputting a conversion
w@rwoolv4pl an. [0014] I n another enbodi nent, aPCEULAS/070069

conprises performng a plurality of operations on a

web at a pI urality of manufacturing process |ines,

i magi_ng sequential portion of the web to provide
theqlyiatity 0f| JeRingPragese Heds teradysc AggogHe pippaly information,

r

o A St AR TS Mehhl ool b o7 TRt flnd Qi of
thermmbnifalied teprenent plefecBss tHel wies andvbetpetting talbenvasiah camtarigplan.

i rmation for each of the manufactur.in roce
lﬂqlgL Adthopgh daesssigamargy itk rssiest togatheing fn 5’ ¥ aporgafion, the
techﬁﬁu%s&?&hq{ewlﬁl GredHd? Hﬁﬁﬂe& %o SRR cﬁflﬂfr Qﬁbrﬁaﬁ? uﬁgﬁﬁétioﬁ'}‘rom

data of the local anomaly I nf rrmtlon orthe plurality
whadh dedent imfcttmatlongnq@rmsratadn dor t:mrmlo,du @eotagtganelgnhment

cedtama eigabe Riiorkig Vot SimeG e Brfitibadfp Bptics (e

poRhtidl IRFRAPTBE LidScdueht #RREs. dfRCkamplt, b ARthRiondles
outputting a conversion control plan. [0015] Al though

per&p@wgg ebirpity ehppdrgtiatiston areeipaietplulityafiresuds temenipgess lines,

1rnri1$11l1l$ %1 n@ eﬁ)tlal é)toﬁlon 0n glli]egxl)rx{?ly ?0 a%rg\rlrlsg% rdl%?t%?ln oe . %,Itlgn {eracﬂ ‘fthe

maﬂhfa@imrldgfpﬁﬁfess Iifeoy pratdseing mreydifieal glﬁbﬁhatcﬁldo pF@;fuce local defect

npl e, in_ another enbodi nent, determ nation of

mf%lila&lé?ln feregash of Hheynge! Fagspring: Rraer st inelotihercin e local defect

1nfb aﬂlto'nffgll %’agh 28 én%? Qﬁrlr% pro@e%g Flﬂés 1ﬁ&lug§3}ﬁgﬁﬁ)}1 daIa.%r a set of
subsequent anal ysi exanpl e, a nethod conprises

regp@rsfonrthe wgb aom:thmr@ detfe;ct@fregmamag thoipssioon dataebthatloal defect

luralit nuf cturjn rocess llnes i magi

of a
in ’QﬁtfP%‘ih Birehis ! RNk HETHIR PFRSCRY IS (RPrEFS Fagerogate defect

1nfbHﬁanoHH£ﬂctht1§\Itt1§g3§ BoRferdidifcdm@pp@RT Uri ng process
i nes, processing the digital information to produce

[0016% Ahe dethds of drvfaymmt comodiorentathainyertmnrransdt dorthiin thg
ei,n t.he i nf or ma

QBRI RER S TG FRETTDPTH BB o LELS TRTHES HEeth ot

adR@fgks ONthe Alvanfid wall B&hpafent @8hOME de%riphen ¥ebdrawings, and from
contai ning defects, registering the position data of

thetdkimsocal defect information for the plurality of
manuf acturing process lines to produce aggregate
defect information, and outputting a conversion
control plan. [0016] ThPRIINEATIONSf one or nore
enbodi nents of the invention are set forth in the

[omf POPARYHRE of R W &Gt A0chtoRetnd @élwlﬁ ks RELOW-thiPaPFiication
features, objects, and advant ages of The invention

arewleffinedhas @)yﬂpmsent fromthe descri ption and draw ngs,
[O(ﬁg f web rnteali]nes acsh%etm% ‘material having a fixed dimension in one direction and

cither a predetermined or indeterminate length in the orthogonal direction;

[0019] “sequential” means that an image is formed by a succession of single lines, or areas
of the web that optically map to a single row of sensor elements (pixels);

[0020] “pixel” means a picture element represented by one or more digital values;

[0021] “defect” means an undesirable occurrence in a product;

[0022] “anomaly” or “anomalies” mean a deviation from normal product that may or may

not be a defect, depending on its characteristics and severity.
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DEFI NI TI ONS [ 0017] For purposes of the present
invention, the following terns used in this

wappbooasi on are defined as follows: [0018] " wedl/Us9681670069
a sheet of material having a fixed dinmension in one
direction and either a predeterm ned or indeterm nate

| ength in the orthogonal direction; [0019] )
[0023} qfikiert iied mathspabcal fapstarmatipagd apdnfus imegs By desired output

1m%%? ?@%]% :@@wg%d?% DG lelﬂFh%%e c@r{tra?{ &84 & red P@Ipré\én:t‘f gvtﬂﬂﬁlt an image;

a single row of sensor e
[002d] XeipdiratidnOOific” picked defmBans qairghaitssreas. edredelatels, based on the
. represepted by one or nore digital values; [0021]
““mHgﬁé%?‘“ﬁ%%Wéman undesi rabl e occurrence in a product;
2211 " . i " i i .

O P e i BIPOR EP ey TRapd o SE PRl O AR, uni
nugbgrer{girodpctorispsic obter avineen; st i cs and severity. [ 0023]

"filter" i,s a,mathenptjcal transf.ormpti on of an_.i nput
100268k gerofets e i adVilie bRy od 1978 Capo i mbdepd from
a wbeel gl @ reIRNGe skQAbF ABh fifa RIIGRSHE SidpIRY BPL K iNbA Birfen; and

an i mage; [0024] "application-specific" means defining
[0 Ueaneratsinms 1s e rocegy efddlybieys ittinma wgb dro prastucts.

i ntended use for the web; [0025] "yield" represents a

utilization of a web expressed in percentage of

mat eri al , uni t BRURB®ESERPPDION I(OF DR AAVIRGSt her

manner; [0026] "products” are the individual sheets

10028} B! P1sGrH18ck diferdh IAQIRRARE AlolotRl AWERCe i Bent R yhich o

g., a rectangular sheet of mfor a cell phone
comdicsypdragontiol systash emitwiloepnyersear—rpt varbdnitaid 7]

Y rsion is.the process of physically cutti a
(00ZBPPIG s Ablnsih clide i vai s s ESPRbAYY GO REE Web
mah@R&Rlinkpfant.1 is a block diagramillustrating a gl obal

networ kK environnent in which a conversion contro

[0030% F¥eh 3cis niblaskglizgspmalieitisting an oxsmmeiysequance phwpejdures and

. i bl ock diagramillustrating an exenplary
ng%%%ggﬁgﬁf%% a web manufacturing plant. [0030] FIG 3
[0034] a1G) Dikandilagtadoh bf the Stabahiriacturirgxdiipt dleytiGesideman sis
of procedures and inspections for a web. [0031] FIG 4
SySt¥nan il lustration of the web manufacturing data

[0(%9] FEGS T D0 e %fh%lre}fﬂ i?lusc‘ty(ﬁﬁl%%&emplary fiducial marks.

[0033] FIG. 6 is a picture of an exemplary fiducial mark reader.

[0034] FIG. 7 is a diagram illustrating a web and the changes it may undergo, including
the later introduction of new anomalies and masking of previous anomalies.

[0035] FIGS. 8A and 8B are block diagrams illustrating the aggregation of data in
accordance with two exemplary embodiments of the techniques described herein.

[0036] FIG. 9 is a flowchart illustrating the production of a web.

[0037] FIG. 10 is a flowchart illustrating the inspection steps of a process line.

[0038] FIG. 11 is a flowchart illustrating central reconciliation of data gathered from a
plurality of processes in one exemplary embodiment.

[0039] FIG. 12 is a flowchart illustrating the steps for reconciling the data gathered from a

plurality of processes in an exemplary embodiment.



[0032] FIGS. 5A-5B are diagrans illustrating exenplary

fiducial marks. [0033] FIG 6 is a picture of an
wex@oplewy fiducial mark reader. [0034] FIG 7PEBUS2008/070069

diagramillustrating a web and the changes it may

undergo, including the later introduction of new

anonal i es and maski ng of previous anonalies. [OOSS%u )
[0040EEIG dA ispklogk dingsarp sk adnsgyr Greenlary ggrbpdimangof fiducial mark
wriggregation of data in accordance with two exenplary

enbodi nents of the techni ques described herein. [0036]
[00EN GFIGS.i BtAa-1#Dane biack dialghansst itlattratigg ttiepgsit@s of exastigf ana

. web 0037 IG 10 is a flowchart illustrating the
mSFlf‘i%‘b@&lf‘il%rﬁIlaggseps of a process line. [0038] FIG 11 is
[O(ﬁZI FEMCRAL b flolcHst {lﬁlgir&glgcﬁﬁﬁfbﬁgﬁ GOHs ih @1 QNinQbplication of

data gathered froma plurality rocesses in on
fidexelnparks yo @wbbdi nent. [0039] FIG 12 is a flowchart

o) Ry ofd AR U ererivat cosBorvinuletmigruityine
spRIANE Ay BRRINi A4 of keb ndateriad tidoRdRRKmUItAEE Mahufacturing

illustrating an exenplary enbodi nent of fiducial mark
opgipflensy . [ 0041] FI GS. 14A-14D are bl ock di agrans

[OWL ﬁiﬁgg 1%31%1(0&\/'%%'[1188@?}& n%x%ﬁfg)?%(rig%giern %I\?\S/Cnlﬁgérl?gf {ntrggucing

sedr¢H spatd af datgassEnil anth papeduddrivadsollgivol ved in

apial ication of fiducial nmarks to a web. [0043] FIG 16
[0043] E165-o\Micyrd #B are blask disgramy 1Hyemyna eyanaple mebissgygents with

' Na RN tifying spatially synchronized areas
Ov%r%\bgis%q?rdéltcg} llmgﬁgt hr oughout rmultiple manufacturing
[002h6¢ FHE.i 10ris a s¢ro€bhdt iRLEratihg aicompafiscovafltatat gathdredsfromttivogrocess
. exenpl ary operations involved in reducing search space
ling¥ data associated with particular web rolls. [0045]

[oomﬁggﬁm.lz%s + 8B cRIgGa AR Bat HEAOK AR xAthp U D LR LIt T R Riment

segments w th overlapping fiducial marks. [0046]
forfap@lyimgtetimigues ¢o sretis iy synchtansterdatsd, segehaasattnipaicios enorodly data.

her fromtwo,.process |ines. [0Q47] FI 2 .
106131 B1hoR o Foss e S REERE Fr LTS jaragrh dspen % echniques
deRkib&d Ratin\eg aBpRQICth ARAtemObr eNRCHANBhch REARHAUES fidhn a web.
spatially synchronize data, such as attribute or .
[0049b ﬁﬁﬁ}yﬂégtagraphlcal representation of measurement data gathered from various

processing and/or measuring operations.

DETAILED DESCRIPTION

[0050] FIG. 1 is a block diagram illustrating a global network environment 2 in which
conversion control system 4 controls conversion of web material. More specifically, web
manufacturing plants 6A—6N (“web manufacturing plants 6”) represent manufacturing
sites that produce and ship web material in the form of web rolls 7 between each other and
ship finished web rolls 10 to converting sites 8A—8N. Web manufacturing plants 6 may be
geographically distributed, and each of the web manufacturing plants may include one or
more manufacturing process lines (FIG. 3).

[0051] In general, web rolls 7 may contain manufactured web material that may be any

sheet-like material having a fixed dimension in one direction and either a predetermined or
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[0048] FIG 2 1 is a block diagramillustrating an
al ternative enbodi nent of the techni ques descri bed
whenehnods applied to a system for coll ecti ng PCT/US2008/070069
nmeasurenent data froma web. [0049] FIG 22 is a
graphi cal representation of measurenent data gathered
from various processing and/or neasurln? ogerations.
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ﬁltblnmg@ig éﬁﬁmlﬁfng"iﬁeﬁeﬁaql lFfmé 19&&&'@%} &&f 1e0E1'8§J anﬁ'b% V\i’[ﬂ:‘ p
fini shed to converting si
polymeuf didts frichglipg antisaté anmdycobted gdmer aphi cal I y

o R S N 0 MDA AR v
prddut12 3unfini $Hea Heb'rﬁllgﬁﬁﬁ aked Mﬁﬁld&@g'pﬁo%s ﬁ@ﬁﬁhﬁltﬂ@le process

manuf act ured web naterla that nmay be any s eet-I
lingredither withinaanic rvgebammwf@murmgmws o nstangpeveh memtfmmn@anﬂlant
I h
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as h @(Qirbkdﬁ),ll flaath wabiiéh ﬂh@hebhﬁeﬁ&dtottﬂe maRlifattaring BfvRess. After cach
wovens, non-wovens, glass polymeric filnms, flexible

progpyse therveebap tabeably walleaseragafbings Weh/mlbv §HWVP¢I& q¢jéferent
e S P PR LREL mify AU O, MRS iR A%
preeushd,asd pgpearcollédted mro aedi. 8l hioprocess ud mpeartgd mﬂtlelrlmrahtely a

Fi | i n e, xanpl e, clear and opaque polyneric
ﬁnﬁk?ﬂ%’$H§lﬂgpﬁﬁm$§H$nates and coated films. [0052] In
[OGSBF'@Br S@nJ REPHCRES T ficBvdbl iSRG E FNRACH Ot bt RAY hae

ready for” conversion into products 12, unfinished web
nmm@@MScmHngyam@ediwonmu@aogqnpmmbesénﬂgﬁﬁnmmmnuﬁ@Mpbe

cess I n ther MWthin o acturi

mef G Re gl L eliels BARGNLADURATY Apie At C AL asp of cither a
bad¥ wdb mateHALL inthe cARFHACH MY MBS R BARS protb&s, @aCHreviously a{)phed

process, a web roll is typically used as a source rol
cogtingrin i aebe frresubsesiuest marifaciuing preceranbikamplgs phepatings include

adlpes Qz%g%t%rd&’a‘gtts elroweal%ﬁ 51@1{ Qac% e céﬁﬁg@?ﬁ%hﬁzeﬁ%ﬁhﬁ@ | Neutral density

nove
cozfﬁnfgﬁ %@&ﬁcaﬂ&@dh@lctﬂvé Bﬁ‘ndﬁfcoﬁ&umpe dodtimga odtichin®fmatibns thercof. A
manuf acturing plant, where it is then unroll ed,

givigp sedHganay la%pp&@a fhondp pinegtianPfithe wel maggrial orpppy fully cover the
exﬂr%lg%‘l: ?Lﬁﬁgacb of [HRGM HketAt 'Fjur'ﬂﬂlat tHEBE &) haRribls %a%r%dpa‘ﬁ'@gled or

I's produced.
unpatterned.

[0054] During each manufacturing process for a given one of web rolls 7, one or more
inspection systems acquire anomaly information for the web. For example, as illustrated
in FIG. 2, an inspection system for a production line may include one or more image
acquisition devices positioned in close proximity to the continuously moving web as the
web is processed, €.g., as one or more coatings are applied to the web. The image
acquisition devices scan sequential portions of the continuously moving web to obtain

digital image data. The inspection systems may analyze the image data with one or more



[0053] For many applications, the web materials for
each of web rolls 7 may have nunerous coatings applied
w@oovneer nore production |ines of one or norBCTER2008/070069
manufacturing plants 6. The coating is generally
applied to an exposed surface of either a base web
material, in the case of the first rranufacturlng%
alggriuasste presfuce sg ealedslagaly a@gmaiyelafqz’a@tlp%gTh%art ¥ germation
f
R0 FEDh AL BRDHE) DoR 085 o AETRL A9 rmacin
geipad ksindie d eso@dsitiog S n fonmb@dn thedis epmfﬁm@sa, cooedihatakystan $adal/to, or

coatin ectrjically conductive or ncon ive
gensg i w%@ ’byafh  SEME TR M QTRRRY b, A ngeé%r gg’S{Q“héhlﬁ'&iPal
pogﬁo@ﬁ%ﬁ&@oﬁ ‘Pn 'ﬂe%n@an)%%ﬁésk Rt &Qﬁlfﬁ\ﬁ@ﬂﬂ?ﬁl@ﬁt’s 3k e other

may fully cover the exposed surface of
prqduttecm lathe.s VAt thersamt meanwédto tureng e Eom;zsekreaqoats ttee loed

angSpefi B on v bting 1 DRSPS bGP g jsgpatilly

regifN&BE Wi thQih ¢ YSda® Aol ¢l il b Bn ADATBY the sth® WEBLHIONTHA s, ke
web. For exanple, as illustrated in FIG 2, an

posifgipwderingtion wpelmeﬁicwlﬂathp erglizndnesdy IS trasskategd t A mgeon
coorﬁmape S mgrneto all g?osa f u{n%o a,%on gr%\” &; %%I‘e%?%la}ll!l nt%gng OCCSSCS
B’ he I RUOUSH y movi Web P

apMRAd to ﬂlemaﬁQeﬁétﬂdll 7eorGh s,egmsmcrrf@vebrromr ﬂ"lié@ﬁbﬂnﬁ@&nﬁﬁ*@atlon is
applied to the web. The |mage acqui sition devices scan

ref@@%@mer%n appga PR anomaly, B IIDA 0BeRFa) i d irRg s d v th
ancﬂﬁ&l ﬁo%%iotnaflor étqg%g?geagiﬁor%; Bﬁredlf;(?fgﬁg Haﬁ aéﬁﬁﬁhﬁﬁ@ctg%& for the

anal yze the inmage Wi nor eal gor it
sar¢ odbiee] 3o cal l ed "l ocal” anomaly information. The

ly information may be referred to herein as_|oca
(OG0T bt el BIREIcACh AU BHEN B BRRSFY- i Brsaaon G.c.
ravd piXel ﬁ&kdr}hahafd eSSy RERIG bpﬂlelvﬁfb%bﬁﬁltiﬂlﬁ? atd¥dlick $s stored for
specific to a coordi nate system | ocal or generally

suhﬂsswnbyl;ocestsmgp ribduist thomaw imegeadata samltduydlml ansdentifisd anomaly is

scr bel ow, this.local i tion. information .
ETAO  sgof TN SR ioP RDtn B e peuaon device
an@&tbl%’d s rRdMEt ptidd NRFmMstibMindidabifg SRNPeTHE WakdMbf tAE anomaly
pl ant. For these reasons, the |ocal anonmaly

withit e ivebi bath suthaesnset t@uhe dignanpien serosude wmb ang thedigiengpn
run%%‘g llén%thf oiJ the }R Qt i@%éey c%aLael%t%gs%rc% d%lttlF Fﬁ)otrqzﬁ{ets llsocﬁgléarded

ormati
Sirhitg t&QﬁiquIeQ ﬁlrelalpf)likfdmteaaﬂptﬁﬁés@ evithie thewhdlH-préesd pﬂbdhctlon ofa
anomaly 1 s translated to a commpn coordi nate systemto

givan sk relég i hershy isanartng Iped] appatydnforiapiaen for cachof the
mamg{uﬁﬁg#edcg ?rl%c%&%g‘fl applied to the same web roll 7
0

or a se 7. The anomaly information is
[0056f dhe dbat molrt&aﬂyamﬁommtiag geegaté damomnhe wariodsgrrodudtion processes

opce col | ect and aligned with
for the moving we en communicated to conversion control system 4, where the local
anomaly information from the different processes for the web can be spatially registered.
That is, the respective anomaly information from the different processes can be aligned
such that the anomalies from the different manufacturing processes have spatial relevance
with each other to produce the aggregate anomaly information for a given web roll 7.
Spatial registration may occur at any time during the overall manufacturing process, e.g.,

between each stage of the multi-process production for a web roll or after completion of



anomaly information for at |east one or possibly all
of the manufacturing processes for the sane web roll
W@ 200p000%] More specifically, during each manuPGEUSR00$1¢70069
process, the image information (i.e., raw pixel
information) for any regions of the web containing
anomalies i s stored for subsequent processing. That
all the progpssesa W prgavss. watidl regiptraiondnaigbaierfogead penteady, such as
: ' r ixel. . :
it el PR LR R D HIE o B BTRh el lturing plant 6 using
thedochl ashanglg imfoangion dthaipaktromahe protloctivat lines pravibusBtusad) for the
.the %pe ific location of the anomaly within the web,
SVEB Y \KP]?H- respect to the dinension across the web and
[OGSFYF L LARET] QRAvENRIBESING ste@NIidb RS ohdE: HNER-deFdlRE8&ection
data nhot associated wth anomalies 1s discarded.
algBiithnhssthattreghid appdisatamespapifici ed, specifiadd pdocted 8, twistlettrand

the nmulti - f i) I 7, .
el BisgmisaRr B TP TER Rt AR o tefelb el B esdyinye defect
in e frbGudTBOH mRGhEY paduR10AC S8R as the@nomBlyagdast a dIER G a different
The | ocal anomaly infornmation generated during the

prodaet, fudngiznsdurptient 13Bo Easls eenvietsion an rapudsaefs wefnddsnstructions
then conmuni cat conversi opLrol .syst 4
for RS BRE P e b A 8nb PR OBy REB RN RS MY SR Pt

cofpf@Ra®e shef @hvérden Widhs Fanweterosiga ivad hetwokd ®ithe esbropriate
That is, the respective anomaly information fromthe
congierting saise 8 hoore dis eanvereshe wieh plbdnourpdidiat2-t he

. ¢ i ‘ :
OB TPl O ool L RS TR RN g RERERERFR o 10
whixdgrae gat & gemommaltipld mémrfaatbiignpriooessas, gicwar eutlbcted by web

magGr e Ry seer i peasbinGing R s RBad <oaRvic Getoct
map! AGGoRld J%@e,%ll&dté@ﬁ&ﬁﬁ?tys dRh QEMGhlPcfuaEs EnWER oIk bf raw

~or after conpletion ofall” the proceésses. Moreover,
imggeatatadlongwith positivo miomyative rpmesooting thedewtioas dfgnosnatins on a

ol S SR EE I ROHH S P ST vl 858 ocion,
suchREBhVerbih 06:5R! isplcralat ahddadl fro@isdshavofindped dan vhiings
previously used for the given web roll 7. [0057] In

intgranediadd ProeewivenePen Moitprel a siedemads spasipl ¢aesdippfe spytem may be
uséﬁ%? re%?sftrgﬁsn gfetthg %%1 20 ’fﬁi?@a{s&t a!'llln& t@@@ésm daki.)ée associat; %with the
appl 1 cation-specific, I.e., 'specifi {0 produc?s i)

lochDarp@lad infermnehtige Netiaisita 16 ey pralefineddoandihae spaah. Wslan
roll 10. A certain anonmaly nmay result in a defect in ]
altggRetiyss » geRidlinateoystepssash @dthiy HHTRE Proposs (on#ur B nrpgess) applied

to @Eﬁ’i@ﬁ b St '?Q%n Qctqgglt?&felgn@% @od#ﬂlqlgt%rsﬁﬁgmﬂiﬂ QG all HO4I anomaly
I nst ance, product B. ach conversion plan represents
datd ef regsctredfor sulsequms processes applied to the same web roll.
[0059] For example, an inspection system for a first manufacturing process applied to a
given web roll 7 can submit its local anomaly information to conversion control system 4
once the first process has finished. This may include coordinate system reference data
describing a coordinate system utilized by the inspection system while collecting the
initial local anomaly information. Then, inspection systems or other computing devices

associated with each subsequent manufacturing process applied to that same web roll 7

may retrieve the coordinate system reference data used by the first process from
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for processing a corresponding finished web roll 10.
Conversion control system 4 comuni cates the
weowyeteion plans for web rolls 10 via networ KPOI/US200$1€¢70069
appropriate converting sites 8 for use in converting
the web rolls into products 12. [0058] In order to
properly create a conversion plan for converting a
CORvCRiIQthentipb iy stean f and adibptthc pAstionepss BBy AEVDI @%@red local
an(ﬂﬁﬂg fu?fghﬂétidﬂgac&? %S[CQS 2# coto?cﬁngtggfﬁté‘tﬁ luLle:&lﬁf:’llgq
manufacturing pla IS spatrally reconcl
maanfkyiziag ptareforAs men:tumad,salteﬁladeélgpctonmlon/ksntmlt @dtern 4 may

above col | ected anoma dat a neral ly i.ncludes snal|.
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andYRi19 48 intrubéedef i ned, spatial coordinate system may
be used for registration of the data. In this case,

[0060] Converpien sg@trqluswemeﬂt @pagswm autreafe e fert datestion@lgorithms to the
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process) applied to a given web roll 7 can act_ as
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e sane we or exanple, an I nspection
masyat emveaingaitts 8 $dr coantifiag tvab lr(lsig; ]ﬂ)rlmsedssn appdr racretsite aclection
iven weh roll 7 can submt i anomal y

PRI N UG CRONO SRS F%Vﬁn@&ﬁ[ 6115 a% tVé‘r’H“hS %8%“?& gites.

Coﬁbé’r§1ton REAEAIHsthas rﬁlh}nhﬁlli‘z%%the-lr_riité sé[@éﬁo'n%lréﬁge@ers such as order
coordi nat e system ref erence data descri bi ng a

infomaatein ralasoela@;dswelmwl dfi |pz<uhhctsy1 2tdy éhd isipes tcmynrtm;gﬂtem current

col,l ectin tial cal anomm )
pradiptafintent R0 e Vinhe kgl SRl 5o vBed by the converting
Sit&s0 ih@ Bo e dCemsperERioh Fﬁ@ns\/ﬂsﬁ&leﬁ@@{ﬂqtﬁlé@&ﬁéﬁﬁ@&onvemng
manufacturi ng process applied to that sane web roll 7

sﬂ%ag/ndr wrtinegeritice oulsey RINAEIZet Sipsroaneitiag sitence data used
[o%ﬂagﬁdfant tﬁ{; ﬁéléé%%%? fnadé %g‘%&g%f&c?ﬂ Q&tl%‘i’ 2%%841 4 %6%!5 %ﬁg“lo are

or an

shibp&ido c@ﬁ@éfﬁhg( s1te@f8@r48m (l“ecmvaﬁmgrsdbmg’ s @hichena@wghogﬁbmcauy
system used during the first manufacturing process.
dlSFFﬂthfido‘Wé]%!n dififerent Funtiss.y Copyshtig dics f COBYR %ﬂchsxﬁ@tre%lﬁ into one

or HBYG 8¢&sSs e%ﬁ?clallf?‘ NAPRLY (fdnr%lﬁﬁlggﬁéasgg g{cﬁfalg% F"@ézé} ﬁﬁreﬁf@cess

acturing processes.
hnmhattplgfmcwllm autolic whle fdr(acm‘izenaxmdjmﬂlyl()l infoorumetrownindividual sheets,

R ST S g SRR G
As one example, converting site 8A may convert web rolls 10 of film into individual
sheets for use in automobile lighting systems. Similarly, other forms of web materials
may be converted into products 12 of different shapes and sizes depending upon the
intended application by customers 14A—14N (“customers 14”). Each of converting sites 8

may be capable of receiving different types of web rolls 10, and each converting site may

11



regions in web roll 10 are known regardl ess of when,
that is, fromwhich process, each anomaly was

wo paopoteeed. [ 0060] Conversion control system BCEHP00&E870069
one or nore defect detection algorithnms to the
aggregate anomaly information to ultimately sel ect and
generate a conversion plan for each web roll

Pm@@ﬁ@@]f%rf‘élﬁ proguets A2 depeindang on thajocatpref the @ﬁ%emgq@te and the
or more paraneters, and
pa%]lc B dkl’)?)isgrrlgs)tloqgelr?g%t the conversion of web rolls 10
[00621 Crhp nedefcdpstidl R regiv@ted somadninésraiadon dontpank neyigilem 4
elects, in an automated or sem - gutomat d manner,

S
magpRGrng REPCEICR 0TS Sgle WER TRy IR dwasny afyagtages, paetr

K
S o AR S 0 PR SR e e
cogainuent, imgeased eslizaGomvethsivah, dntadodosts yetreue deviepye or profit and

ut.ilize other s tion nmet rder
o vy o R O bt By itk BN R SR iedian S e Bt e
regifatiOh 1 8EBMGobitiDE withie§-58nmC# i &Blab BT Wilhia (-0 @R Attoughout the
experienced within the geographic regions serviced by
entlu]q @redygtien piogesss isemothshxspine ooy be perdible to identify waste-by-
co 02008 P PR GRS RE PR o

opt&hlzﬁﬂgepmmbﬁibiﬂeﬂgrcﬁm ﬂﬁ&:eﬂt @@@r&ﬂlorﬁaﬂeﬁafb alsb e p0551ble to
sel ectj ons made by conversion control syste

veb
autpmarlgalhycreﬁﬁtede&ﬁtlﬁﬁ earts eveadhihe rd@fqeblsw@%tﬁctalﬂc gr\rhe ‘inal product
O T B b o R B T SRy RN Y proces

linsint ase@nq;dmy enﬂaoémdnt vebels olahufabruting planh@A of Fir e In the
%) duc ecificall each f converélb }gY sites
ex erafa SEmEnDOLowER 20 s itiong Hgst By Wpemmﬂs 22,

24! ﬂﬁaé’%qﬁ@ftloﬁ dBlivemaeono4 rnéé} AcBbiQitiBH MY 1BS26”) are positioned

i ndivid sheets, individual parts, or numerous web
in ¢lo$d Isrpxmafyep rtlgedccnmna@usytbr odungsveb24. 1aNgé Apuodiat devices 26 scan

conver.tin rte 8A may cqnvernt . ..

sogB gPTiT 6 B PRYHONSE ik DFDarS SHAB B es Ao Acpisiton
co@PitersOtyi doBledtiiBbd Ba S8 BB aShilitian Hovic@UIBeind @dr¥Eitthe

web materials may be converted into products 12 of
imgcf dagy orpnakyhiasesipuisH 28 foresclipipandinglysispon t he i nt ended
[0(%2@ #ﬂ%gac?t dcgﬂlsﬁ% Ccféélcg 4 ﬁl&%% cg'ﬁl\gg&(o:ﬁ’aq r%?%ﬁ%?e&lées)that are

nver recel ving

capshibfcf Ereating ymeﬁﬁal wblomiflﬂse rih@vmg Mb @9chd peswding bi@ut in the
site mayproduce different products 12 de endlng on the
fomb%faa qhsﬁalcsifatat o MPeP VAN §1G . dNeRips ée\@a@&% bdiyabe cameras

thalf Sﬁ‘*g& Hé‘é 9 B datd trcga%-)glzén éﬁaﬁo g@ﬁle‘f’g with %{1 ala%#lénal analog to

regl s ano Yy |n ormation t spans nmu
digﬁtahcm‘metttw iOthepensoes sesh dspforaxanpigl ksavsbammeys mayold atdized as
thqulggln%da\é(?lﬁtsl%gn devfgéJ CA seq%entlal portion of the web indicates that the data is
acquired by a succession of single lines. Single lines comprise an area of the continuously
moving web that maps to a single row of sensor elements or pixels. Examples of devices
suitable for acquiring the image include linescan cameras such as Model#LD21 from
Perkin Elmer (Sunnyvale, Calif.), Piranha Models from Dalsa (Waterloo, Ontario,

Canada), or Model Aviiva SC2 CL from Atmel (San Jose, Calif). Additional examples
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significantly enhanced process quality anal ysis and

control, defective product containnent, increased
waizioborasi on of the web, reduced cost, increasECT/EYORIE70069

or profit and a variety of other potential benefits.

For exanple, it may be possible to maintain

. registration of defect position within 0-5 nm or )
ln%rdgfléﬁeaﬁﬂaynws fierhSwiaze dApspeeticureims GreHdMyni¢h, Germany) in

j : oA @PR& exanple, it may be
Coﬁggg#%ﬁgﬁ?%p%%gﬁﬁﬁéyﬁ%és e-E%gause for each
[00653b The daggsmaFbe dtemaily ecquiited tigatgtethe dititladtmnrodypfic assemblics
useful in optimzing parts mbi ned from different
thap gesishin BA gropcvfe% OBfhEamBEe. %3@ 4% h%mamgs RS artiof a camera,

or Flly %@tseclﬁ?ﬁft@ BohV@ic RAhLS. SRR absdenivlis B8HRGEEGed li%ht, transmitted
undetectable 1n the tfinal product. [0063] FIG IS a

light, ockardflagedightldunisg tiat imagirarpresess it cdieyted higbdlforemampte, is
ot PRBLER Tgieprut o Bk G e By SFR SrrS ke, such as

surGibQdiarmpri, a segnent of a web 20 is positioned

bet ween two support rolls 22, 24. |Inmage acquisition
[00$6V Ficisiap garlogmtiotlpdbeongiotplidiictal orrldeoailaely togodlecs rell and
| Li-oned | | 0s€e,prexi m to the continuoysl -
o9 heSERob Ao REF20% B8 Rehbico ol SR SRHE oy include one

or BREEHYd-BptiPMNbdro fsr roddihdBarconéy ¢t liydisi \ioagwee 2020
to obtain i mge data. Acquisition conmputers 27 collect .
adqitiepdidygrhmprosantieteie BavresEive pRsitian pigaals igm ejigpr more high-
. . ‘ Lyei far ..
AR RS 5 8 RE Re2£ 2P 8 2P Goen
sigRfls nfiduchw nmdnvamnitol lon2) détemghesgpodeiondeforikdin far each detected

capabl f readin sequential portion of the novin :
fidyghl merkadar W&W&?ﬁ@%ﬁ thg anﬁm%lﬁré G BrnpEduge BRarfrormation
locgﬁﬁgaea%h rd%’%med'%ﬁiuﬁﬁpfﬁgrﬁ \Qiﬂ’filh% cogrdiﬂldgg%ﬁ%n gﬁ}ﬁelﬁQ% gt%g)rocess

may” be caneras that directly provi igita
lingt Abemutovelypanapsib ogmpene?imay phcanachddithd datedtedandloog marks

.to digital converter.,xher sensors, Ssuc s, for.
wify i PO naED Y Eht it &8 Mo EoG B Riro S eadin £ tiatymig
co@follet 30t irDiRistAVd, €l politRRAeNrbAldedBY Fideslalahadkh@ni&ler 30 may
i ndicates that the data is acquired by a succession of

repsesag disthngse Setvsemgia fidused mediird digmcabionpieag dic kength of web 20.
In &ﬁ{& Ic!l‘sléoﬁ&!tc)fal%)ﬁk @Qnt}‘”o‘if% t38 @@%ﬁfea&g tlfe %il%ﬂh go&%‘ﬁ ﬂlfforrnation
sensor el ements or pixels. anples ot devi ces

to sudilyisaddoenpuedr 28cqui ring the inmage include |inescan
caneras such as ©Mdel #LD21 from Perki n El ner.
[0063], Ay ygis€ompyter £8 prosesssh HRRAEEMEs friegAcpaisdian computers 27.

Angl S m%%n%g}er %gﬁcfclj%gse ’9&%@2%1?% Snf&'r&nd%’?gs%%@ﬂe' HnorCnifihi algorithms
to gonamit salnmbodly ilnﬁ:s‘matism: ﬁjanteilestii_ﬁafscamy&gibmc;f We’nsi_iibcnmﬂtacbming
an%%%eg ghsqt %F}éﬁ%\{gﬁgiyﬁ%ﬁ\l}&e {s@?g&s | 1por Cegc ilgire]gttlflle%nanvommta Y, grrllalysis
computer 28 extracts from the image data an anomaly image that contains pixel data
encompassing the anomaly and possibly a surrounding portion of web 20. Analysis
computer 28 may classify an anomaly into different defect classes if necessary. For
instance, there may be unique defect classes to distinguish between spots, scratches, and

oil drips. Other classes may distinguish between further types of defects.
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[ 0065] The image nmay be optionally acquired through

the utilization of optic assenblies that assist in the
wpeoetewent of the inmage. The assenblies may PEI/ES100&070069

part of a canmera, or may be separate fromthe canera.

QOti c assenblies utilize reflected light, transmtted

or transfleeted |ight during the inmaging

lﬂ%sgBégeéi thpesitiesn data PTO&H?edqthoffldl@kaé Y contgoll@f ﬁ%ﬁmalyms computer
f
T R
prdc@@;ﬁﬁﬂe Hihduig) scdvau heqonitivoldhearfra fidociblmohk cohdolbirdl0, analysis
nark der 29 to collect roll and positjon o
compYts} # t%‘i‘imF?sot febrnslossigly ZeBPé}ﬂﬂnefor ?%Cb GRPRpLyifin the
co&rﬁﬂltaf %Jgkt%fn ERY bl B 4R OAB QS 1iRPT Popék%@leo Q%&rdﬁ%&sﬁfsf%m may
di ng bar codes or other i1ndicia fromweb

be dd@hetdl soph tHat ‘dh@ocl chmenmmmrepmscnts h ldestan80 acrays welr2), \ae/ dlrnensmn

rerfbher e B a8 APt RLh <3t aRb e FRREo Rp3henty o height of

theBR&E W hh hbebOBSEH bR 'ﬂhesﬂlﬂﬁ‘&lr of ccﬁdtﬁig§ in@dteriBS &r other layers
control I er 30 determ nes position | nformation for each

prayeruslytapglied wuibe aicb mtdcovrpranaxmmpfos the X, due cedrdingideystem may
be ﬁgfg I%aetdoa:j[] S%E%SI%I(%O%&C | gg il netgg % 0|c|teé {]neI nfao 1trs ”ﬂaﬁlca‘i’f} associated with an
inigglqect pladeencdy 61 EWaBI0] Gﬂle%@oﬁdhﬁtt@iy@%ﬁﬁ&eﬂﬂeﬂ &or the current

Al t er nati vel %F’ anal ysi.s _conputer 28 X pl ace each of
prochs lnsrasst v be (s Arpigraly @ ViRe P ¢aoedinge suiteratier any previous

n data received from
or é%géﬁgh?@%g&ﬁ&mghyg% quérg (P In this case, the
[0069% it arpncadatanalysiovomedtcb8 felcdtdsnm Hatalask 32 olnd s*p@hhldbca%i@n of
represent di stances between ea fiduci al rk
cach AoRREY B ISPE &P ﬁﬁé’OP@HE%SYéfGW\%%m?@mCFW Igjey fhiy iformation

beﬁ@?&“errgd Bued-ah aSRICK &Bfﬁa[;pink@rﬁlaagn C@Hﬁ%‘ AR 618 c&lﬁﬁuter 28
and pOSl tion infornation to anal ysi's computer .

stO[deOEﬂ!locwlraalbyslysmfmmpumeforzv@:bp?rﬂo Uelslaw johbgrvatiasaios the web 20

om. ac t
and pTRECArEbod s Rl oty i AR 33 e g ihed Below. the
lochNrdoin@ily ifgieaiibh FBndrted %}Qﬁ@hﬁrén@ ﬁﬁice@ﬂﬁﬁ% MJbse%uently spatially
information that identifies any regions of
regasiered withrigea aarradly éaformetionaepeiatodibysthe phcpraress yings for the
t
satﬁ@ I)v%ﬁ Ot %rataggsr A gy t)éj rl%%l]&?gd ik %gagflé dla?xg:)%lé ﬁ? éiil%feren forms

mcllum;g,ea tiraktoeqpatfit BSomy otghord a{habmqmgsrﬁerﬁgygtb@s (DBMS)
angmal y and possibly a surroundi ng portion of web 20.
CXLHENS 8 §n%ﬁm91feé*@tai>ssens§yve& abhy dafd ﬁe BABESMENS $ystgms may be,

for@ﬁglfngfeegtrd%?dcngp RISB e[ﬁeﬂafchfk‘ipgg SE%\/%S) dIEBftld'lIHé{Sﬁ(ﬁ%?(MDBMS)

e un que fect C stinguls
objbeﬁomteds(@cﬁlfﬁ\/ISS)m B RES) oanblject relational (ORDBMS) database

management system. As one example, database 32 is implemented as a relational database
provided by SQL Server™ from Microsoft Corporation.

[0070] Once the process has ended, analysis computer 28 will transmit the data collected
in database 32 to conversion control system 4 via network 9. Specifically, analysis
computer 28 communicates the roll information as well as the local anomaly information

and respective sub-images to conversion control system 4 for subsequent, offline, detailed

14



oil drips. Oher classes may distinguish between
further types of defects.[0068] Based the position
waelaigopweduced by fiducial mark control |l er 30, PEHES2088/670069
conmput er 28 determ nes the spatial position of each
anomaly within the coordi nate system of the process
line. That is, based on the EOSItlon data from
anglysiy cF el cxpmple, teAptognatign @@y AfFINpynisated By wfagrof aglatabase

sytféﬂo%ﬁ%ytlgﬁ %eth\;%% )éb%?s@%2 {)Iwe}lsﬁn PR § e}%‘?ebrﬁ qr eac h

anona Rt he coor e system us
[007u Spmal pegixteasion bof atomdry ldataxalm’pé perf@*n_tedcsnbbeqagtmlysay sb@nrsion

may be defined fC,uch that the x dinensiopn re res%nts a
conft B dagifiE & tGec Ry moyy meﬁ%ﬁ%PWCPéﬁrp&%ﬁ%eé gve finished.
Alt@hﬁth@&?eatﬁl}%ﬁg:o é}#t?&%fg tﬁtla%f epe&%gr’nvﬁﬁé)spaﬁﬁ‘l I%Efé‘trénd%' %@%&Qﬁple in

represents ‘a based
sudhire amirodlencrof cmatsiomgxntmmguehm Bap lcomntmercateatil@rugh network 9

reviously a d. to the web. M an or
wilki 5oty TRESH Bl e’ EFLFBrionty Bat b ARy Py Senthatis o
be BEISOE Alcoh @atahmaMi dabil. Nin 4N cOSRSRis do ut@8 hay spatially
typically associatéd with an initial fe pl acenment of

regifier mﬁloacbocairh@m%b daltia her ‘éels%twld@ftymedlyf@sed ¢iea coordinate
syst?%nrl LERk BELRGS &80 I Pge %11 M2 %%Jl%esel(lt%ﬂve COOI‘&I¥1Q s?étle% gcﬁled by

Salne COOT

corsibBs@0tEIfio] PYsede SS@ﬁV@&Sﬁ@ﬂl t&@firoll @ysmb 42ﬁ)ay s[e&%@l]e réfre@Atative
case, analysis conmputer 28 records jn_database 32 t he
coagdpfeatystericthntiintp bt used & sRAdHHIPSiStition bagadact cqopdippg system

ass?&?i?eﬁ'&ﬁﬁ% fhe %&tn?a[??u@afc K g gg&&%ﬁ ééip‘i‘igd td WL 20. Alternaively,

ormati1 on bel ng re er 'n as ocal anomaly
coordinatensytticorof afrather procassdingsissd cm:pertmd Bbeaised &8 wdbe20 may

| qcal nonal infornation for we i.ncl udi roll
be ?ﬁq?‘&?‘ﬁ;}’ﬁo %ro P01%‘1%91\)&5%9%‘5’“?@F S §IP2W| | doHInE ACEPTIHA Gy Stem
dlffe%nt ERED am Moormnfaﬁ' s?stgﬁg ah@stcddvittthe PR R,

bel ow, the | ocal anomaly information generated for the
[0053t Aenn epampless fifst n@nubcmubg @oqeestt hyy bpatreirtigd fiducial mark

o R o 3RE" of sh 02 MRfare B F o s RS > BT B Boces.

hoWB¥erP@ay FaRbRIMENR e niatk 838" #176 B38uNReLREt 3H .6 flehe Analysis
forms including a data storage file or one or nore

corgRetabs @1 eRf 1vesHien epmirql PBNE) 4e0isemeiotiyr epntephiacdr
corﬁgﬁt%}%gc?e%fc%?&%x gﬁrr@t%éasu{r Q‘fen?s%f‘}%@?l‘gﬁ%%@ U 8% to

alighi @ posifibe dhta (WiDENSItionrdatd fir 6t MENSEsOp@L s J\@BMB):,, frabjiecdxample
oriented (ODBVMS or OODBMS) or object relatiagnal

abQVORMBIVEG)S PR SS rﬁ%}hta@@}?ﬁﬁhewglﬁewa%ordh@ defeetash fiducial mark
“383'%?\‘1?%&% 32okifioh TB0STRNL Rflindfe Arst fIRELODG Cyﬂ?é PASE

provi ded hb %a Zgr ver (t lnf r%rﬁsl\/?cr osso?“ Cor porat i glr?
corﬁlﬁﬁEﬂZS @rteas shenquiady e‘spbsttim g, aablsissomponpltpplicd a

f}\an fansint t he dat coIIete%

similar degree of translation to record this anomaly as being present at position 76.581 m.
This translation may, for example, be effected by adjusting the position of the anomaly as
measured by the current process according to an offset or other translation function
determined based on the current position of fiducial mark “38” and the prior recorded
position of the same fiducial mark. Analysis computer 28 may use the same offset or

other translation function for each fiducial mark and anomaly, or analysis computer 28

may determine a unique offset or other translation function for each section of a web
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i n database 32 to conversion control system4 via
network 9. Specifically, analysis conputer 28
weuvpiniddeat es the roll information as well as REEUS0%070069
anomaly information and respective sub-inages to
conversion control system4 for subsequent, offline,
det ai | edanal ysis. For exanple, the infornmation may be
ocquErRE PR AETE IV hsondeaptise fidueiak miks.e Th3tns RRdNsis sempwer 28 may
t t 2 e 2
e e P s T (O AL G R Al TYRLET A and -39
is .per pmwindd tisudfSegtecit dpypliad tocamowaiisd bnnwee’mﬁahwhal sxmke 64 and
~Sither after one or nore processes or once all
7—grléc U8dBs have finished. Alternatively, analysis
(0SB Rinct dnfBRYi-RER feagm"gfo%@ssm@tm IR 168} afbina §fata
exanpl e, 1 n such an enbodi ment erS|on cont r ol
1ndsy@tdeml§40ﬁaiyotbcmpmmswt d hahlsoalgmab@tsvwmpu&r\’%tfw each

maR B U TR EREBLY Sk Secorb e bEIteE ite 6F FRUGIlradiRe Bl

anGAMBliY dﬁ%é&e 3bRs hitbSur€BFRh r@padt)s e ©omReEystdn BBthe current
spatially register position |ocal anomaly data for web

prozoss wiithash ragerd tpphe pesitjondaseconded fardbe Gilvmalenarls by anyodther

proclé]ses Cur es{]st co%{ EESR trlalngl its %ylsogat}l po conyak 1%%%3}1 él' s\é/?tern 4 via
coor Hem S pedi conversion Cco

netSyoslt errOnG@ ul\y ef thic @Iﬁodémb h@% ﬁr){i§lieﬂmcﬂlvﬁﬁjlotﬁcﬁin&61 sylsteén 4 may
representative coordinate systemthat is to be used

recppgilespbfithy colisgicdidatit i on based on a coordinate system

[O(Q%E?{ée e?%m&stb&ﬁgi?ﬁ KH,J@% tﬁ?ﬂbﬂ{@r‘é&d{ﬂé&‘ dRi A% R “'[7,8 ”eﬁa

erna coor I nate system of
postiyn of Ted2 pmabegshé longthusedk oeb sxzihke;ohﬂuesbcmentbﬂamﬁadurmg

procgPBh o Paboich Ty el schied TEHOHAMAEE SoegbIeab m. Likewise,
theiub{@h Rty r(ﬁd’e@grﬂnﬁ Ma\%f reé&ﬁe&%ﬁﬂgnﬂfﬂf &t Opao\égtﬁo%@?% m. Conversion

associ ate with the product |ines.
comra spiten damdy mtlalthsamgfswwhﬁr fichepigd rnmle £3 rmyasnwalé)y the subsequent

d fi. t f 76.
preERabaeling Bisposian st el T Saw dfapfié firs
maR(iRERSIBg PR &lonvEBYon @& EHDsykicB s ik, i ferfod®'a sthilar

76. 038 m an offset of .01 1m Analysis conputer 28
trapsiticmsn the apsifor day &rshomasey d@rpct@@ duting the gubssaygnt process to

recgl;c{]t%fs a%%ﬂlt yais l%?n%o@g{&%t 1%9’7'6%%%[ rﬁ@é’coﬁﬂh#fo %1? S%Igglgted

Sur enen a for the curre

offBeQ oablogm nﬁrhe AR@idcubse abl@steacdnvtefslcnﬁ@dnhbogyscb@t anfayaige theesame
rst process That is, fromthe exanple above,

offafﬁafpry%a@% fiduiplimaik and apamaly g P%fthepmwés S5 SPRYCETIORgqHrol system
4 Ilfl%r dettegﬁn ¥ 6&‘8%]%901%69 !e@éh %{lﬁ o§é8wef) ‘Pro%éa%ﬁ }(Eb%ss occurrlng

tion mwthint rst process.
betlwfeemnm ymsscmnmﬁameial @8rkdeF¥ em:&nqﬂle anovasiyn ad)ntmb syst.temﬁ may

76.59 SIS co r 28 d
detgeging ﬁh%fh %WFM aﬁé%lf% h.ag& el n%?lg} P fg011 m,
while @ReitscbetRes Hill@al HarR87¢Mand “77” from process 5 is .008 m. Other

functions may be used to spatially register the data. For example, conversion control

system 4 defines a coordinate system for use in spatially registering the locally anomaly
data, conversion control system 4 may apply one or more mapping functions to map

position data into the coordinate system.
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This translation may, for exanple, be effected by
adj usting the position of the anomaly as neasured by
W@ b@Iouwdtent process according to an of fset orPOI/i§2008/070069
transl ation function determ ned based on the current
position of fiducial mark "38" and the prior recorded
osition of the sane fiducial mark. Analysis conputer
[0073] FHy dise blask diagremaklysirating pn exqretlany sgaaange plomanufacturing
i [ ial I r
progFs SO Bl (£ AERelyy it 1 gn R pRBFLARATRICH: fscqyonge of
maatifaeturing prgiessics 60 nfayrpetfoon nfimerosa ddisidadlinemuédctiaing processes

weboccyrring between consecuytj ve fiducj.al r 5
upeiyed el 7 by gﬁiﬁgxgsw@owﬁi%érou@ TRAHY Ay nEP SSh ?%Srfér‘_?\w% ("process
1in&f 786t PiRcR8indPPh hRY bk PrAREIRYY £8in %%ﬁfhctﬂrﬁ%ﬁﬂeﬁ{t 6 or may be

mar ks "38" and "39"°is .01 1m” whife the offsét to be
locatedIviithdn tidfeasnd meniifastupeg \weats. f i duci al marks " 76" and

77" is .008 0073],.. I n_anot her enbodi nent,. each
[GOHPZ&%?GF%%‘CW%L@&?SH &incy %@“10 5 CHRBRET YO gggrm & number of
opérateReNAdRaonY oPhodd InspichBh sPit@tE®IREfornm Ratuniber ofMspection

anal ysi s conputer 28 for each manufacturing plant or
opgridensctt- ITiheee ey be eise etheoisasipertonalsy dema fasfeaeh oftrrpedss lines 74.
Alt%a%%elap %etaen Me‘ &Htald s %g‘ett %??fo%esgszl'naeg 7RAT O %gtt ﬁ%vte I?nspection

Fespect’ 10 t Coor dimate syStem of "t he "currt en
sy edisle wWhd ROWGT pre@sy indsg4tHaee pasoit hmor fladikt Bpevtidas

for the fiducial nmarks by any other process, Analysis .
[0S hbuerbexepmplany apduenes ok MPecsasaad tospedinper yrb as eheqnagted in
FIGYER SN PR NSia) bt ey RESREET ¥ e o
basal filmoik firdstdomadd ie at@ddaat avith| d(Peirdipn AR AarOrethdsbesss tihe web roll

first process / have recorded fiducial mark "38" at
7 r%@yplzfs%woalﬁs 3hd pglenset g %P%Crl%éi*g &pef%lenﬁé, may, for
cxaMib 1k &l GnSHRSRAYE BherHBOS B AL iphich K QFRFST , AR bp&&idiP52C may
the web nmay have recorded fiducial mark 38" at 76.038

cunmwdbi kB wi. SE¢b tdile7 suap sequznnsperiod e sscandytinalyeinspastipd 64B and

an an |y at position 76.592 m Conversion contro
ﬂ“@?%?@ﬁgﬁoﬁ&9hspatially regi ster the fiducial mark "38"

[0078R LR 1YmAN QUbSERRAHY B OREPE LSS tb pRNRSisaldc AR, Rdere web
IPOSIIIOH data to match 76. 027 m nmeasured during the
1o

7 issthenramwiguneifor fosging e dksprocysaliae itBn lx Bint ¢xamps eperation

‘ oy Lot i ‘
52 AU 0T )R 30 Pl s g grrion s
is [rufosediBsforascnnesslcted it arrallt hi s anomal y as bei ng

éyesent‘at position 76.581 maccording to the
[0073] Addioag! Brpudeatuidte propesses Hy borerfirisd ¥ sHbsgpERnb process

A TR L AT L ke
unwourch PAeessingrhess opdratodn SAN tragncoat web roll 7 with an opaque adhesive,
operation 52P may uv-cure web roll 7 and laminate web roll 7 to a liner film, where there
is one more inspection 54M before web roll 7 is rewound into the final form as web roll
10. Web roll 10 is then ready to be converted into products 12.

[0080] Any one of processes 52 may impart anomalies into web roll 7 that are
subsequently identified as defects. Therefore, it may be desirable to inspect for defects

within one or more of the different manufacturing process lines 74. For example, as

shown in FIG. 3, there may be one or more inspections 54 for each of process lines 74. By
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4 may determ ne a unique offset for each section of a
web from each process occurring between two

wa@angeowsi ve fiducial marks. For exanpl e, convRCEUW08/070069
contr ol systen14 may deternine that the offset between
fiducial marks "38" and "39" fron1process 5is 01 1m
while the offset between fiducial marks " 76" and "TT"

frequasty pRepeeisng the b, hodpos] anonidy dita sertiisAdTamiheprspggteans at
cadh® f%ﬂ@éﬂo@éss Bme%e eeerxaﬁ%dj@%ﬂ?wﬁ&{llye&iﬁﬂﬁ&eeeach of processes 52.

conversi on con system I nes coor di nat
Thisysdyeatidvwofor Mtlﬁnatmatf ithd tansesagfidefeets fogetpeditioas abrke}ctlon.

B ST SR 0 e St
prdc@§schnte§‘ @atf:]%% ol @ﬁa‘tﬁill? y&digRch Q(Q ?o'ﬂn fggfél%aé a!n%nﬁlﬂhﬁﬁﬁlatlon that

diagramillustrating an exenpl ary se€quence of
cambued done vargtypofomepsses BO eaipplh)lee dletaggazgsuemgbmawsbformatlon

catga%%élgrggéda trggurﬁjg%%%gpnﬁ%tr %061 aﬁ% 2 e%g & (a Pdon ﬂl%graccotn’ynbutlgn to

theBVakH] [Bfeifddtd MGhPERCHRSERSEs. UPIRA i3VaBpdnalnlg u Z)oﬁYthg@&hd% dppRAtion
roll 7 through individual process |ine

ultimaely selseted fardhe Wab )somprod deseperatioas padormag btveprme@ms dddnay act
ol 6 |
o (iR BTl BRHG KRR sufle S gy R Ot an

ancgﬁznsa i@tadue@rby @braptons @88 of 1ho@socédsch.NBhudemagduir@dRBd into a
perform a nunber of operatlons 52 and one_or npre
baﬁ@ﬁ%ﬁ@f&@@é ghesyyeh, dofscxeBDfse PR s sHbsawIely covercd bpsettings applicd

to ARSIBL 1P &dlﬁén ﬁ&% §-URYd diﬁpﬁloﬁ{@gpﬁ%\?’ hASPREHL 0P Pg’ impact on
systens or edc fS process I nes ternative
thetiigmetermeyfohearce of dicrend pibsdictsofThpruee efspalizlies: g%ﬂertd‘la‘ggregate

do not. have in on systens ile the rest o
angypgfy dfermat Wélsmazsﬁﬁf?aw EOTYRES WY C%Pﬁhyaeaa% & ldFﬁ%é{&‘)Li thpgelevant
ancirQQ?eZ]fro'n{‘th% rﬂnﬁﬁ%ﬂ@ée@s( ? rodBAANES b PLOLED 2 %§n@k9 @f factors

I nspections, such hat depicted in FIG 3, a

1nduﬂmgfhemaMﬂbaoms¢bqs¢|c film mhlch nay begi n on
s, line,74A where the bhase f
0P EIG S aaWARN 5 st SSodieih T ks iRl 868
mahiifaeurig Bydteh 2 showBYn PEG UN\WpeaisicARG FSG oj &@l&ﬁth& @e@dln elements
initial inspection 54A. Operation 52A may

fo
of @ﬁ@m@e sgstemd lebin geaterdetep ek eshiad nve&bzeawﬁﬂ,mymgﬂﬁa%é may
COIEl@lH ¢ afte rgg% ggﬁocg S 1 92 agg 1n°s§5c‘%1 \r(ﬁ?%t&%k la%(? anaf$is computers

e 1 nsp ect eco
as &Hﬁ)&ﬂﬂﬁtHIGS D4ia anth id&i@tﬁbm\@mdwmﬁ@mﬁ’aﬁ@ﬂlﬂlg plbﬂ@?cﬁr]lnéfm@e web
roll Y subsequently be noved or shipped to process
mamlf@étumsp é\nﬁéée% gompfise a7cqnsokidadian SefKe iffa IpRNCE eeipeigflation
Smggt R4 he process line 74B. In this exanple, operation
Dinparts web roll 7 with an enbossed pattern and
[0088¢ hn Soranermbapmcttis.onsingle paddesanbdie 74 may perform multiple operations

on a web at various times. For example, process line 74A may be configured to perform a
first operation or set of operations on web roll 7 using a first set of one or more coordinate
systems and/or fiducial markings. Once process line 74A has finished the first operation,
process line 74A may be reconfigured to perform a second operation or set of operations,
potentially using a second set of one or more coordinate systems and/or fiducial markings.
Web roll 7 may then be “reloaded,” i.e. again placed at the start of process line 74A, and

then process line 74A may perform the second operation or set of operations on web roll 7.
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is perforned before being collected into a roll.

[ 0079] Additional manufacturing processes nmay be
w@ezepot4yedd by subsequent process lines, until RE&HUSDE070069

7 is shipped to a final process |line 74Q where web

roll 7 is again unwound. As exanples, operation 52N

may coat _web roll 7 with an opaque adheswe oper ati on

In Bpvia g SipglCRIPEcsidiBC - |pr0;ceémldn qéﬂﬁ eatld Rpsgtiaby perforpall
nehspay erionip MRGiofty Gl BrichsWiRu TR 7 BRE R Ron 8 for the
firswstyt afobtrafifns Anéllthe edcbnd etiof opdretionsean e simtialy cepistert éd

into products 12. 08 y one of processes 52 may
ac‘ioﬁ‘iﬂfgwé 6%‘1@%“51%9[‘“ %&’Bd A8 7 that are subsequently
[0(18‘21]E BhéH wed nﬁﬁuﬁ@ﬂhﬁﬁ% ?lan{”i&r abah&, web n%ﬁfa*éﬁlrﬂgﬁ)la[n@ @JAernay

to inspect for S Within oné or nore of
condpffifesrneruir nmm udilaotldmlmg;emewc &xandtinvescondolidatipn exaerpl 6@\ for

colfURREET e it ol GrOTPbhBied PRy apey collct data from a

resﬁé’étfv@ Gﬂﬁ?ﬁlh Morh?@t@le% bNGhch BEpMREssed N L7aBab tRRRkY conversion
data captured omthe inspections at each of the

corgrad grstem i rﬂamveréwntfen@edaﬂmq@w mey mldﬁov perlistproyelohl dataz e
cor?% rtlc?l{,lg B Q&8 fc'oﬁl%sl 0 &8 WeTlhals Séo 16399 ocaI gnq;naly information and the

cation of e cau

ag@¥gachidnedl$ irformfohifoneach Q@ &ik]ro Mo r B3R femboliEn dn®, (‘dzvhsohdatlon
anomal y data captured frogmthe inspections at each
seryefs 7p @é%@sgarrlplﬁéfs el Ramgy dp cpeh @fpugh Wil - A @m@’fh%rre@&t)fignent

co{sgflaatﬂgl%re%?st’% Q;g F%lses E@{d s%gmtethtof%B r&fs #59d [n one

or a variet or ex he aggregate
emhodineiny coﬁodldamtﬂ w@rvetarnd hay ammareadllmamfem mﬁthqxartlcular web rolls

optim z ch, of processes 52 n
or %%m@rsm?tw%ﬁO{l%a&ﬁ@%viwmcea% TRGSt 4 4 ﬁwt fsh%nye‘?ﬂf web roll 7 may

corﬁﬁﬁ%lﬁrah@"@{t vridus ﬁﬁpﬁﬂl&’é NéhcHRAMnihE c&‘f&gbﬁ?&mg to a different
application ultinmately selected for the web, some of

praches lopeéHatlh gesanpgiet omhredinteyt, goroddses saﬁvema% denottagsign any

rol g dl® e GRY Ehotoly LRGP BT TG et pas. for

exdtpla, apsre?ﬂéé OUSdRNE nirkd RRIOTERSHERal ﬁ{hﬂ@s‘&@'ﬁhéd in FIGS. 5.
i ntroduced into a base material of the web, for

[008R% hmq:fne prbodyacaissenselidation server & ipsjanse aqansejiglation server
76§p1% r‘fcqleg Qnotnqg}{'\fﬁgrqlelt{&{lapggd ec? Qt’ prgggg? 1395 ﬁ%ﬁlfgr x?inggee With the

datB ebﬂmmﬁrm tl@ef fitshproead 1ipe ofdul eieﬁnpla'hﬁomﬁhﬁlé 7480arloakd y
regi stered aggregate anonmaly information may all ow
COBHPISALPDHIP OHRETPIN C§9’§‘?léﬁf§tﬂmt‘b Ingapihes %‘fn@ﬂl?le% gach of

corgs?llgé‘[%e@)agwﬁl %Nfﬁl%%tBQQO f‘lact Qﬁ‘i%ﬁﬁatw OxgH&%(Pﬁom cach

onavarletyo I nc Ing t
of pypptssdats Mwﬁhblﬁa'egsltrat[oﬁio 8(2]\761%[(@1 codatmlssystem # hmagtsnbdeqoently
col?efctt ré loec):( ?ngon?alg rlrrPfgrmatlon frorn ea(ljclhsot clogsuo 1dation sbervers 76A—76N and
reconcile all of the data internally within conversion control system 4 at a later time to
form a composite map. In yet another embodiment, consolidation server 76A, for
example, may receive instruction from conversion control system 4 in order to reconcile
on-site any anomaly information generated for a web.

[0086] In one example, conversion control system 4 may gather and merge all data

corresponding to each web roll 10 from consolidation servers 76. In another example,
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manuf acturing system 2 shown in FIG 1. Specifically,

FIG 4 depicts the certain elenents of the exanple
weympemokl G 1 in greater detail. Each of web PCT/US2008/070069

manufacturing plants 6 may conprise one or nore

process lines 74 having inspection systens and

anal ysis conputers as shown in FIGS. 2 and 3. In )
COGENIQN emtrobaystepa BrayereAta Betadptagvipendescribesithe prderaallecation of

t UG a - '

iSRRG RN B ) O B ancTinE STRLUAR afires forcach of
coisetid@ion A6Aery TH)S3Invemicnaortrelndysdinemiag later s gl metadata to

rqcessing_.ljne 74 erfqorm.mul ti pl e operations on
cotira] SK5TaiNE §54e6 50T eAEILo C@B?Oq@%%mgﬁ?@ sasiding pgargar web
roll/&y be configured to performa first operation or set
of operations on web roll 7 using a first set of one
[0087] hpowe c@odk, dataenayysignae fmdy oprofésd lioe.al.g. peodebnigs: 74A, of a
ce process line 74A_has finished the firs . . .
P s Begfe sﬁoe@gggé-f\ﬁa%mfﬂ)é% SIL5E apidegtifier which
maR i @bt HRERRGr PRRIuSE FONVRICh SR padicuPREIMoANS is intended. The
__potentially using a second set of one or nore
idegtiednmatleo syiguerideatidy te phitiguler aicbmelt kP.ngs. Web rol |
hen "rel gaded, i i~e. again placed at. the., .
(0083 o S, A FRE s 0 o AR P RBEOP] b8 A recipe
gentdANRYs PeInitindtiohte dsfeaidqepre af p@eBrlingevhivh operate to
operations on web roll 7.In this way, a single process
mapjpydate the partisulg s okl AQ. Fanexaplg, @npErcEstMaN Ps/rigesss ding/4A of

' [ v ' rcess of
ol ATERFRS Y 1REF BORS, i CRE A HERRACCSS, O
[0089¢ Batawsa sichmallst Hears @awnandatd oivoopkatgiroanslicarV4beonversion
spatially registered in accordance with the techni ques
coy s BBy THEY @Fﬁt}’ry[tg?)@&?m&%hw thf‘amilfwtmweﬁ@g P Gigprocess

lind 8f oriBSth FNG Beat RO FBSUHAGEHT DAGCRIPEthE feb PRY maPBRHEREnined
one or nore consolidation servers, for inst ance,

based ws ahilysit obthedatugat mzgA. flooneahbetimicoty farmdample, fiducial marks
comruni cati op. of data.. Consol i dation server 76A . )

e ERRIAAY B I G FREETTL PR RAF P e et Taiigymark:

thu8dChaPbhe PoRHESHARtclthiite/dRctién bf ABSbtroll Pi.COMYIEK ShdHF the roll
control system 4. Conversion control system 4 may

wag fid fgst ingnihe glta@pﬁacgari@g Ep!roc@asﬂ @y@@plgyéiglg mﬂ}ﬂg thedidysipl marks are
asgegéihgo}?es%én&’fﬁ | as copies of the Ioca! anonal y
I'nfornati on a t he aggregate anonmaly information for

[0098¢ 0noé all Bethe@latashas bBerbiREoibO,Hofestion CoMSEl | siystaii Hmay transmit
servers 76 assign particular "roll nanmes" to each_of
the gognogits Wary anq ¢ CopsEH PlapdbHiYRE P of comEHlingRysicah’s, such as by
AR R e e
roliz6l Omayy s dogpcdtte onobf conanmimgwitth8 N (‘Cohantinghites @l’). s
nent s of b rolls and parti.cul ar process |ines

Cogngf’:rfc‘l{?% élfesiSSrpa%H 17618C GRIBPQSYE p?ap qzilg);he conversion plan from conversion

control system 4 in transforming web rolls 10 into products 12.

[0091] FIG. 5A is a diagram illustrating one embodiment of an example fiducial mark that
may be printed or otherwise formed on an individual web. More specifically, fiducial
marks are placed at regular intervals throughout the length of a web (FIG. 7), preferably
outside of the salable area of the web, in order to accurately locate and uniquely identify a

physical location on the web. As described herein, the techniques may utilize fiducial
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conprise a plurality of various roll nanmes, each rol

name corresponding to a different process line 74. In
w@zivanwsher enbodi nent, consolidation server sSPGBUS08/070069

not assign any roll nanmes to web rolls 7 but only

identify web rolls 7 according to fiducial marks, for

exanpl e, a series of fiducial marks as one of the

maflsdaenahlc gigekanieppyidendets i b wsuratly prygighy ragistersdrand combined
forqﬂfﬂﬁgq Q}éﬂto%eraﬁoﬁsogb%%ﬂ}lg t\f'atqgusse?fo\f %urcésogrdd]ﬂétti(ﬁﬂ%?e‘s and even
cons atron server reconcil es an Yy
mannfaotuniap iptantsp rio duice dvoads, ﬂre(fﬁﬁlsml hiat'kssall&d/&, rehdur to later detect and
nple, with the data ml te fro e fi ) }
reca%@%&% rqlathg to th Pasition % Wi é%aﬂf 1*7119&% 55%1? a3 {gcluding
a bGRBTY Qﬁ&&heloﬂaaﬁlféscaﬁ&%ﬁhwf HaRt by SHSLRMHpurbBscs.

anot her enbodi ment, each consolldatlon serv
[0098 1y &i\emrbgdise ot &f  fomial amdtmsl depucnléd)mrfﬁﬁ oA, 3 ﬁdlmla,leniark has

ont TR PO R Por> Syl ea’snds "y Pty hifdagore o

fidh 18] th@kabaRP I RIcHratdl RcERIhOPositidBfaAEddIOR0. Barcode 80
consol idation servers 76A-76N and reconcile all of the

repaeseats |1mﬁogn¢teqm growd@mmna waehieq-tiadeble fnmebl Bayedetfl mantfor
exarn Al lg L] uméue 1 ntgiL o fGOIRR ‘?ﬁ'dhgla%%k Il“jnaré/ode 86r}ﬁtélhe%rcode other
nso ation’server

inﬂjﬂmiovigsucﬁat podtiooféiRiibs 0AsEos a%oﬁdiﬁﬁté @j’stﬁ’ly &Edﬂmfl'ﬂen
in order to reconcile on-site any anonal¥ i nformati on

appjee th warks ap idgntider, for thegerb tpvhactethe waaik hes bess aprliad on
deﬁ%ﬂfﬂ%ﬁ Iof ﬁ{yﬁh@tﬁ@n“hﬂ@%ﬁ&%rrﬁ%ﬁe g%% glge(ﬁolr n{jdﬁf]ﬁlaturm the web,
corr 1

rresponding to eac web ro rom conso
roﬁiﬂg\iﬁbﬁné‘tﬁm definarpot toate fox thepldb, thwugk minufacnmmg podeess lines

em4 may create netadat i.ch descri
an@%t AR fwt}lfd%%P lapis, gforpatign }0@5@@%@@ SLdgy1 Hﬁgﬁﬂd jipwhich

order afd Shea BYtHERERD] EWiRGnRnAE LN torR IS Sd Hﬁﬁn?’@h@ by @ess,
consol i dation servers 76); conversion contr system 4

instragtidnatfer davestredne pnastssaiet of thowebrendal hostofgither informiaticn.

I each of co tion servers. 76 r. r di As s,
10453P T} G5 clp St e SR STt e iR Rl Yt s
sytiBlo®Y stghd»ad. eInfd&anﬂ)oﬁfr@&ﬁ%rédd@%O rﬁsaygrepws@ﬁ @%ﬁnlblb M@eger in

74A, of a particular |ocation, é‘%ant 6A. Each we
u

theyrange frem etg 992, 98%shg¢rwndwdilra@m ¢a1ch ol @hrkrdgeed on a web is
onéj gl%?i{elr ﬁﬁntﬂt&e rE%SQ%f‘ﬁ&icng rﬁ’eﬁfgd CBI? J inﬁg%ﬁhﬁa\gﬁl rnarks rnay be

iSTh i de
ap]g&ieﬂao urwebugimg aindﬁlﬁ]bt 1513/nt&1h &hp @Edde@&b@lac\l\@ﬁdﬁﬂldl rﬂaﬁ'ks ona Web is
| n.one exanp each of web rolls 10 may

de&@ﬁa@% glofuﬁ ffaf’reﬁllcla|carp@nii@guapﬁllmﬁan Fésprest ab M dpp yNoj s

20 RS B ALY SR 0ERBL ORBRE DLAES o oo
Mat@ial ﬁmbhe]x@ir@ﬂOé), vdneh éetgbg immypdreted by azefs&nbe matshAray.

[0094] Other embodiments may represent fiducial marks in a variety of other ways. For
example, data may be represented by a 1D barcode, a 2D barcode, optical character
recognition (OCR), or magnetically encoded. Furthermore, other embodiments may apply
fiducial marks to a web using inkjet printing, laser printing, or by securing mechanical

labels to the web. Other means of representing a fiducial mark, as well as other

application methods, may also be used. Further, fiducial marks need not be iterating nor
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pl ant 6A, process line 74E of plant 6C, and process

line 74Q of plant 6N. [0089] Because web rolls 10 are
waezmwond4@and rewound at process |ines 74, convRCEUW08/070069

control system4 may identify the direction in which

the roll was traveling on the process line in order to

facilitate nerger of the data. Direction of the web

periesfigallyepagse, eeiidicil Ruakuagiely SHY el PETEIce otk for anomalies;
e ARG RS b A RIF IR o 8y SHARI G

[0095¢ e garetalb[i{dmm nfaolts @aokedste gumbtrcal cctrodicaiaal ofrmokalics

th S it may OSSIbl erm direction of th
recplsd fim Vi Ué TolBariroon, DR MO IC S TRG g tal marks
ma?z'yh@a&ﬂfe 1]5‘[:@&%{ éﬂ‘éﬂé%ébg RIFGGET %)eatbtlie @g@é &fzth@@e%&rsﬁ% rof the
mar ks are ascen ing or scendi ng.
sal@ble praaduct. df ﬁtitmaldaarhs hizs10bpeesent gtbo ficit lnm;lfactmmgrpsmqass apphed

to G e R B 2 h T S By € B e B Rl Sl DR ed gfthe web.

In %&&n@&iu‘%ntu §dcﬁ£3ﬁdubﬁl FiaH€rep et &1 ink¥, %@i 86ni{ Fr&br Bn the
any ot her data conmuni cati ons prot oco Wb rolls 10

praviops fieluginl ppdd Inone ﬂ@b@thn@@h Vidpeiphgaikss eeesreggrdgdon the web
ap rﬂx& eﬁ% Wo %e’?’en& %pa r%:cﬁsgeo @(S)t%ll\l/(‘::eelrl’glig}b 1?] | t esi’egl%lpe'%%eyween fificial

maemuﬁﬁ@ucﬁm nekY $eble SyiSilcbimivg 1ncr1ca1tdraﬂ§abgt1ml ng vveb r oll's
into products 12. [0091] FIG 5A is a dijagr
[0q9|6l G865 ql%ct%ﬁ@t@%anﬁ@ﬁmb@fhrﬁwt eiaﬁﬂ}l@akm@rﬁc |Ilarhls

e PP TRt SORERRiy BATRINE R ADTF AR

sulptaadeldy similae gupaposcrine fwalktisn 1ah thosg eutted meFIGe A4t MHovfevar,

bargeds hhovkis’ 56 lugntal ultimhionparcdast ShRE o1 4y

reﬁr&%ﬂtteﬁ Y a @oRPY S CRductQeRll At 91@1&1@@&1 ¥eLodL Sl BRI 4 RRAmark to
herein, the techniques may utilize fiducial marks to

repecsahl raaraifwumtcgwcﬁata poba sdcond tatlatotunipelyaidentifyited frducial mark.

spEnaraf) ipfab EBTRR g ok G BeT bR einfortillion in the

intBHQHED 0O B forine Si-2didite eEhcHBR LA B kibNghdd RRVCS ticH Mlthough
ot her words, the fiducial marks allow a reader to

dispessed withrespectdn dierlét@dp@iveéﬂrer%for@ata@thv@&r@oderferrnats may be used

as Q]gﬁl iﬂ ik egjamgﬁ]ee tl{ g%gtl@ T (ﬁ%{skfgﬁ‘}é a SAfll Ig ?rﬁg%h %111]91}@1 r%e fr?rn 0to

cl udi n atur

999 9919 CTIae T aarooatprsemﬁhrqmmms e8inf¢ra8idh, d sysef identifier (ID)
enbodlnent of a fiducial mark as deﬁécted in FIG 5A

indicafing the raﬁn%ﬁtkmr%&roe%é lige the peplicd dhg fidkpiakarark anda date
rep?{bgnt%d Q?H%g?ﬁi 35?égr gl ﬁﬁé Q@A u%% nfifk %Q@ﬁi fFicd. The u er tier

ucl a reader to accurate ocat et pOSI
digi npgriecdengdl asEEH Y100, 86d theﬂme&ﬁmr shgltlsﬁmyrmtarmmged as a six

gg)t[.}g‘yelggr ?g###?r#]# aTgagorHtenn?s o &%%%llary Larco ode 81 aBlrzé1 rsﬁr?gn%rlggd I Pable 1

below.
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exanpl e, encode a unique identifier for each fiducia

mar k. Barcode 80 may encode other information, such as
w14 i nf or mati on based on a coordi nat e sSyRTENS8%070069

when applying the mark, an identifier for the web to

whi ch the mark has been applied, designation of

production lines used or scheduled to be used for

manuf act uri ng the web, rouﬂﬂﬁ@linfornation defining a

route for the roug T : cess lines
and/ or rranuf:r:“/ﬁegc}' &):'ﬁn a %1%%'1## THM 1$rent i fying
the material |appbitediland| i n wb¥ ch order? and area of
t he web, enviTonmggy,al cpndi t{OnNs asgred|during the
process, instructions for downstream processi ng of the
web, and a hqstPayof §¢er | i nf BPRati on. [F0093] In one
enbodi ment, bskCagtedsrtfianpy @emi@rmfio he interl eaved
"2 of 5" synbelegy—standard—n—onre—enrboedient,
barcode 80 nay represent a sinple integer in the range
[00979ThE s§Perd 995 B be ki1 @ kS RAHA B turi AR At 6 W6k Blample, the
mark placed on a"web is one greater than the previous
systéra lies eduldrbe Kistributasies sboboai rebie 2 belosuci al mar ks may
be applied to a web using an inkjet printer. The
process of placing fiducial nmarks on a web is
described in further detaiirahig2co-pendi ng application
Floeder et al U S App  No  2005/0232475_ Apparatus

and BestemdIX or thel Aut onat damr ki ng of| Def ecDesaription

la

Ybs LU‘ r_'g%it ert+at—(pubti bhﬁj‘f'?ﬁn%l%g)), whi—chr—s hg&ii?g]?ﬂm

i ncorp ed by reference’i entirgty. [O

O her @npodi nents [may reprggfeB fiduci gl mankhedik @oating
e

variety of other ways For exanple datla nay be
represéhi®d by a I|D bar cod¥ant§C2D bar cdde, OptasialProducts

I\

char-act et recognitjron {66 r—magnetteat-tyencodet:
Furthgﬁh%?e, ot her enboaTﬁ%ﬂF§thay applly fidaﬁégﬁﬁoﬁng

marks jpo7e web using | nkpreSERVETY I Ng, llaser pRERERNED

or by securing nmechanical labels to thg web. O her
means &F9Pepresent|ing a filaugiodN mark, |as wdlilm dgmination

other—apptieatton—rethods,—ray—also—beused—Further;
fiducial marks need not be iterating norperiodically

[008RARE usASE thiUEr&d bAFBEES MBI ROVIAS SVl a8vantdp8l EF&N&Emple,
point for anomalies; iterating fiducial marks is '

muligigrod barcodes/araicempatidy with regdsthudsisigged todiged emly mesinede tiered
95] 1 ral . fiducial rks. ar d.to,.conbine

b0 Meor "SI St L MRS, RS ST red

baico&P@EY bfdpSnpabldll fifortnatioh Sitcd¥d mel figighely iidgtipy SICp®Sesses and
fiducial marks nay_al ready be present on .the web,
SPYsHET wiBISycTRsafn eHEC sugatasturing shagof eneratiens. dfidyckd marks from
ifRALR G} lidd @Y Sm itA0E aHQosR o T mati
i R PR AT e bl 1L SRR (R hoofRER G mation or
creatingiirdbigpipicy. Oneuxdnaplaryandthod éordgnsertatg fidgidl ararks one a moving
| nterval s al ong.the edge of the web.
Welb 18 isé/ussesd below g\/ltth respectgto F?G. 55.
[0099] FIG. 6 is an illustration of an exemplary fiducial mark reader 29 (FIG. 2). In the
illustrated example, fiducial mark reader 29 includes a frame having a barcode reader 85,
two fiducial sensors 86A, 86B, and a light source 88 mounted thercon. In addition,
fiducial mark controller 30, which may be a microcontroller or general processor, may be
embedded within fiducial mark reader 29 or coupled to reader 29 by a suitable electronic

data path.
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In one enbodi nent, each fiducial mark represents an

i nteger one unit greater than the previous fiducia
WOorenorR/01490 one enbodi ment, fiducial marks are rBCHUS2A8/070069

on the web approximately two neters apart. Precise

di stance may not be required between fiducial marks,

as fiducial marks serve as a relative indicator of

[08J88] t i on Fl(tue@@eyaﬂqqatmég Hiseeives agsdhisomdidygis| %ensors 86A and
86? qu&’ Q&tf%%ts bg£ 'chﬂl(f e@u}%orﬁac{elﬁectlhg bBi!ﬂ' 15ca @g %giéﬂfg 84%

ucr al mar npri s 'oca
ﬁdmhalaharﬁtreethsmmuhm@baily wr wiithinl apredasﬁrmdltm&spar@dde g,0-10

uncti.o those depicted in_F| G
ml@é?f&&é% lsa?armr:@% digial @%ﬁ%@%ﬁmﬂ g@? W@diﬁ& determying phen
theb&%qe@s @Rhﬁaf I%A&%mé/as@e@até@wft@ 951%§&‘@1te§&jer%% FiGRMPQURLrs 86A

duci al mark that includes a barcode 81 having a
and 8613 tnamixelpht)tm -orgsrsesens aqvamphiacd by fonysidgoatiendnance

d d fy the fid . :
ernBBTeCargt RetfobhI s L atsaitbed & Bt iee gt pishesined width
W bt yethdiveibt Sndfidid Ml QERBES SHA dddl §dBark Ml Rint@DHaHe Zafik oF
format, six duglts in each of an upger tier and a

fidngjplkmankirezder Af h@/ﬂ@h W iaparti sserderip tshbstadiody simwtappeusly detect
bo%l%gartlng %\{a%gs g% %f ?n 01? ‘iﬂé)leo ttl'?eiexgvlcfa? {Kpl%dsglect%(ri Kcr(?{)e 1607%hm.

[oodiog) ts f WHBn&)ofh sankérs isoAege R6BRictdata E@F@poﬁdi@gno@aﬂmg mark,
999, 999. The upper .tier conprises. three pieces

fidpeiplgnarkicoatiolles S9yastives lighbsoureds i Ppler tﬁd?%,ddﬁ“ﬁﬁietgﬂ@f the
ﬁdﬂng?lk%ﬁ%t Y5 's&(}ﬂ% Qﬁlg&ﬁﬁi%n{sl f]%n&tsgﬁlce %@B{ gmguﬁqlt a't %ﬁlﬁ{n%g In other

and e represent as day a year I cati'ng
emhhﬁmehtmehﬁhtdumcal% meaykbevidsmanpddi endly whrebaeth pb“ﬁll[lcml @msors 86A,

igits ma ranged as .SSYDDD, and the lower tie
8613-%%10&2& gﬁ%arg aliv sigultpncoysly; fn P ¥ 11%%#3& en both
ﬁdﬂl@l &%&@@@& aﬁci 6K ﬁ@iﬁbﬁBé’atf%%%a%ﬁSﬁ 811 BlrSo RULIRE B3 %thures an
e 1 bel ow Tab 97] The systen1IDs may

1m@ganfd>e¢0dm80 gath@frthlzﬁmmtomssmg tlpfl iamgs deta tFmadeth@thlcede tmteal-
| Ds | d. b t
i R ek S B A mike G b p s P el s B sk

rept&¥ntRti QY bBe SEHEcalbarSUABY A9 De rERI an@XAidiréted at some later time.
mul ti-tiered barcodes are conpatible with readers

In eposheyiwatbod snansfelugial ragk eantigller 3Q dirests iyagadsdeadeesyto capture an
1m%e§3f b@cogg ISQ 'fWrX?eglglbé !lI‘FIlegﬂtl lt& fegh %er‘t?’a%jo% That is, balrcfode

i ered barco enconpass’

reaideif Kﬂﬂﬂaiz bﬁf’acﬂ&%dﬁdl fir&m Wi Gk W bdeﬁldld SQ/arEd dna@rze glesigRge data to
and specific¢c systens. across an entire manufacturing

determing ther mephanogicpdabde INFrmadipa confamre thepeing
[00102] Once barcode reader 85 has read barcode 80, fiducial mark reader 29 may

convert the information read from barcode 80 into digital data in the form of an integer.
Fiducial mark reader 29 may transmit this data to fiducial mark controller 30. At this
time, fiducial mark controller 30 may determine the position of the moving web based on
encoded reference signals received from encoder wheels engaged with the web. Fiducial
mark controller 30 may then transmit the position information as well as the barcode data
to analysis computer 28. Analysis computer 28 may combine the identifier read from
barcode 80 with the data representing the physical location of the fiducial mark and store

this information in database 32. In one embodiment, fiducial mark controller 30
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terprete ater tine. |In another
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multiple unit operations containing various error sources. During the first manufacturing
process 90A, a first set of anomalies 95A are created within web 92 and detected by one or
more inspection systems.
[00106] Next, web 92 is cut and wound into two rolls (MR20050 and MR20051) for
processing by a second manufacturing process 90B. In this process, web 92 is unwound

form the rolls and fed in the opposite direction through manufacturing process 90B. As
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[00068} at e Gontpositamabp 94 Hescribing the combined anomalies may be used to
accept or reject an individual portion of web 92 when converting the web into finished
products. Composite map 94 may also be used to selectively optimize each individual of
the manufacturing process 90A-90C.

[00110] As an example, if a web consists of a printed circuit pattern, an anomaly
causing a defect may be an erroneous piece of conductive material causing a short. In a

later process, the board may be coated with an opaque dielectric which makes the short

undetectable. By inspecting this web once after the process of printing the conductive
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the imtlal process. However, the way in which this information is recorded within these

subsequent manufacturing processes record is different than the initial process. These
subsequent processes record the distance of fiducial marks and anomalies by applying a
transformation function to adjust the measured distances based on the data obtained from
the initial process. That is, these subsequent manufacturing processes register position
data by transforming the position data from the coordinate system N of the current process
N to the coordinate system of the initial process. As inputs, an analysis computer 28 for

the subsequent manufacturing process N uses position data read during the current
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as thvevrnietthwedangry of IBIIMEBL céhveFsida control system 4 may apply similar
technique to spatially register the anomaly data. In either case, conversion control system
4 may collect the local anomaly data and store the data as aggregate anomaly data for the
web. Conversion control system 4 then forms a composite map showing the aggregate
anomalies from the data gathered from each manufacturing process by, for example,
utilizing an “or” function. That is, conversion control system 4 may record an anomaly at

a certain position on the composite map if any one of the processes have recorded that an

anomaly is present at that position to within an acceptable degree of accuracy as described
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conversion control system 4 will record an anomaly at a certain position on the composite
map if any one of the manufacturing processes have recorded that an anomaly is present at

that position.
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detecte anomalies. In another embodiment, a centralized system, such as conversion
control system 4, performs the linear transformation for all data.
[00121] In either case, one example of a linear transformation is as follows: for the
first unit process, let EP, be the measured position of fiducial mark n and let D, = EP,—
EP,;. For the process being adjusted, let P, be the measured position of fiducial mark n
and let M, = P,—P,.;. Let the scaling factor (SF) be: SF; =1 and SF, =M, / D, for all n >

1. For an anomaly j, initially measured in position IP; between fiducial marks k and k+1,
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[00123] FIG. 9 is a flowchart that provides a high-level overview of the production of a

web. Initially, a customer, or a set of customers with similar needs is identified or requests
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respect to F 8A, after . the initi manuf act uri ng

g5 Eese Ea bt Be ogamsE i act d Rhg B ocess may

[omerf afr, fﬁbbv'e{ﬂ&aﬂhefcbﬁ@&ft&ifﬂfaédw Nfe tsQhé REI HbEss Bﬁé( tYEXY branch of
data for detected anomalies. In another embodi ment, a

109 thervedhi repigsenysa Bmshediweb ol Whandds shippedciorne of cesyrstting sites 8
(1 1?8 O?gﬁ‘}e?{lgﬁ" C(S ol silsrt]&ﬁlrél eﬁgc%ﬁlcgl a%th&ﬂ?lcgﬂé? ééth r%%s%ntlng a

er- case, one

coﬁlp@d‘lt&frﬁﬁﬁwth@ﬁhdrﬁaly’dﬁlfﬁmhdt@n&egafrdlhg ik rblil ﬂSito ﬂh@lcbnvertlng site
process, let EPn be the neasured position of fiducial
withey3 iRl e 1P ene exbodipeRt CEIPfFTSion el pEstasn & CEECs e grgnposite

mag’g%iﬂ'?’ %ﬂnal&r GlfofrhatRE olEtF %lee%gh Bpﬁl'etp%b%ssoﬁnefs AWl were
involved in manufacturing web roll 10. In forming the composite map, conversion control
system 4 may spatially register the anomaly information using, for example, a linear
transformation function, discussed herein and in detail with respect to FIGS. 13, 14.
[00128] FIG. 10 is a flowchart illustrating example operation carried out by a
manufacturing process line, for instance, process line 74A. Initially, process line 74A
receives web roll 7 (120). In one embodiment, process line 74A may also receive data
from conversion control system 4 from the previous process line, for example, process line

74B. For example, conversion control system 4 may provide instructions as to whether
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and let Mh = Pn- Pn-1 . Let the scaling factor (SF)

be: SFi =1 and SFn = Mn / Dn for all n > 1. For an
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progasabspllreaioe Sathds somsinuay et P dfliods® Wik Sonsanthpmovigg). the
dat@ &bl1&@ioh ipkoddR dWAdHBedVithabhebits IQIRte SegfMtsFAURS between
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[00132] During this process, image acquisition devices 26 scan the web to produce image
data useful for detecting anomalies (128). When one of image acquisition devices 26, for
example, image acquisition device 26A, discovers an anomaly, the respective acquisition
computer, for example, acquisition computer 27A, will inform analysis computer 28 of the

presence and position of the anomaly. Analysis computer 28 will record the most recent
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|near tion function, discussed herein and
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common coordinate system. After conversion control system 4 has retrieved all of the
data, it aligns the data to a composite map of the web which has its own coordinate
system, which may match one or more of the coordinate systems of process lines 74.
[00136] Conversion control system 4 begins by retrieving the local anomaly information
generated by the first process line, for example, process line 74A (142). This first process

line may or may not be the first process line to have performed processing of web roll 7.
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Thus converting site 8 A may convert finished web roll 10 into product 12A according to
the data in the composite defect map and the conversion plan.
[00139] FIG. 12 is a flowchart illustrating operations for performing a linear
transformation on position data collected from two different process lines, for example,

process lines 74A and 74B. Although discussed with respect to conversion control system
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[0(T1ij C?ene& %rhe?ﬁﬁé%r %ﬁéf@ﬂnéti&h%s LIRS flab ARt IR BhdBIABRSR

and transmt the data to conversion control system
sys46n(1 mﬁﬁ)a diffo@8dordih@e sgstemsinahislcamohler anonkdlypositasrisrage lincarly

ntr re onc | at on. of data f
traf o g O BopdiBe Seth of et it T4Rio B BisRnstipate pyprem of
prdcBésSiRXamp| £ distihcti easBaHIRFmbhGH mal be ?Erf&rn%a%ﬁ cdchMRstion of
74 have utilized |local coordinate systenms to collect

Webé??ﬁ‘fﬁ\mlttwgéﬁﬂu@lé]gmglﬂiﬁatl on. As a result, conversion
[O(ﬁg?]g rP%rs CXEVG Hon co@ra s | aslttelrx 4 rg ev%s relsevanq éia{a oarh bgplfp%ééés lines
In or e ‘coor di nate system

74Ahing 7@Ht(®6l))ﬁﬁ]ﬁﬁwﬁﬁ1§6nrc6dﬁﬂ@l%y§tbﬁl LDMSﬁfé@ dcht etfc @@ChoMlboth process
process lines 74 while collecting information fromthe

hn%we%lﬂ P vroopipered ps orpentedygongihepyabya thegpmerdjrectien. This

[
95091 05 REOHELLR Al S B BFQGRES .
giv[an peieess thaybagie ditheditherodnd ofGhe wend@reading oaoviterothe process falls
.system 4 receives the | ocal anomal
w1t§pb

info
G EHP Dy UHEIQF COBfg oSN ¢ ARy d};?F dgaél,&%“wn of the data

ac&l)'réiﬁgl ed fﬁﬁbl@l’\fnaﬂ%‘t’aﬁ rl?'tﬁérha@@dmé'cﬁbn %l¥§st R ntht @) @J)M?ﬁon
and converts the |ocal anomaly information from each

comgfol pysjcmégndly logzaliv ronssclble dinestipo of ey aftthe twdprocess lines such

oo i s RSB R e Pl RH T 9 Sgin 4 s the

dir6@iod, byl Iffsetting e 4L At Be bR 6f RONRBTHN LatRERhAS tht BegineRg as
whi ch has its own coordi nate system which nmay match

magpecyrin thsr forwdrdichse. coor di nat e systems of process |ines

[O(ﬁﬂ [Aofgel’ %gllirﬁg%{ OCIZI c?ﬂa ?Sq{hwlgé nrf e ma{[ﬂ: ﬁlrggﬂ)'nr}‘gr %’aycg pBoycess,

|ev n genera

coﬁd&ﬁsuﬁﬂ ESitrop5Y36ES 8 pk(bdé%es fmrda@(tan@éaee a ﬁm ﬁdﬁ@aﬂ thi i 4émmon
This first process |line my not be the

beti(wef:% %ﬂ%ﬁ%ﬁé@@% s @ed t/ABHERA- E@PV%T?WB &Oﬁﬁr‘b‘csé@élinrf’gfeé‘?rdﬁﬁ}?
po§194)1{ of thisH¥ a§ %r rbh/ Aﬁ’l)(fe%é’ fihem {(J}gﬂ C??g%}él@h k¥ntrol system 4

regi sters t OC& Yy |n
then locates the posmon of the next fiducial rnark as recorded by process line 74A (166).

Conversion control system 4 records the difference between the two fiducial marks as D,
(168). Next, conversion control system 4 finds the position of the next fiducial mark
within the data recorded by process line 74B (170) and records the difference between the
mark and the previous mark within the data of process line 74B as the difference M, (172).
[00143] Conversion control system 4 uses the differences D, and M, to create a scaling
factor SF, for each data point between the two fiducial marks, such that SF, =M, / D,

(174). Conversion control system 4 then processes the local anomaly information for
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process line 74A to a target coordinate system which
may be a target coordi nate system defined by

W@nvereion control system 4 or may be a coor dPCEUS2008/070069
system used by one of the other manufacturing
processes (144). That is, conversion control system 4
processes each anonaly data entry and adjusts the

prasessi 14bote dgtermingdperde st sngrmabapesiipns priiel eddebeperladed’5).
‘ . . - i .
Fob ERAINGM N e b A BloclRIE 7! e SR gRof Hfiem 4
usdyale scabkg ScrarlSEY, td vardshatn chepidetagdint mntd alld @o8dingte OstsBahh or
Next, conversion control system4 retrieves the )
pr%ﬁ%&ﬁﬁ@i‘%ﬁﬂ e S 41%@11%%% dhe st marlnto the gpraaly is recorded
as IP: N¢Ris di@inck RotRNES l%; @&&%ﬁnﬁf?@- LAB, + ype ariy, toNeciehhe new,
(146). Process 1ine 74B may of nay not bé the’ process
adjustné posedA8f @l the soinseguentdinate grsorssenydrsien gdmirol system 4 adds

process. line 74B may .have. pracessed b roll 7 before..
e RRE 8RR SDr A P 5 BF POGRE B cudedaniydPodStne 748
(17‘5?1. abh@irsigh 06hR sPterRUARIARS the PeStidiftef ALR BliorhAY b ®MeRthese
the anomaly information Trom process |ine 74B,
twe GAvairlgnaks gohisrornnsy 678 Gorysatiompanyrol eysiten drthent fiyeds the next
ﬁdfallcqgl[rrrgllr ih @gr%r %%tal NedeRts ] 1rr0ncI LRI rore(é'(f'uscial -IE-J.I‘ & are in
spatrar P&y SrarT OF ad| Usk'StRE"posi Trons of {He
coah@A®L )i nformati on so as to conpensate for a variety
of factors, including that the web may have been
00144 mRnge oH apemplisreistifanthenssvpidugigbmadss hayg besgdiusted,
co@e?ﬁ%&%‘grog %’3;5%?194 %f%ﬁﬁﬁl%k MMeth {aﬁFs %@%e‘a‘ﬁfes&dt mhe data
positions o I duct al mar ks, an | kKew se anomal I es,
gathored doryeitheopnotdss lipesi4A and 7418 C0)e tf Hoyh dvieanore data to analyze
~processes 0138] Once finished w || of. the_.data
(o oﬁsaaflbe%@% q0ﬁ§ir?we,coe%w@§t§%%weLﬁ{@cf C POYEPRA the next
fidGGHIER KNG S MRRUNE caBR ¥ HREEL 1ABOTRA ¥nd M4 AR b QRorhPthe
the web remai ns uUnregistered (150). If there is nore
an@mdprelbtp acedrdmgeo tlermetbod ebavegitoverved if{ thyE8t ofthadeta he$ been

150 then conversion.contrpl s em4 will retrieye )
reaf i fop 6T e G (Rt B oS i o st i S Combined
witn@omRAER| dr forr @BérSt&ond) 1Y B8 Braash Bf SSYS&REedA\@ntrol system

(148). If no nore unregi stered anomaly information

4 hpgfraished linpgugviepsforming thip seied Wabf so1Bwycrsionrrepirel yptem 4

co I S PAR* B8 RN PIRR G TR PREBLp R sies
74 gcodbiviag datadroph procERinkh @4, we krahhittingadida fesidoficbeverting sites 8.

conBosite na% to the converting site, for exanple,
[0OMARL dp spHe cappEMBALS. & MOFEIING NYIREMRY SFadiaig ORe BT Merq

B g R e R e S R
theqounabyi dfenaefaatrimgpoanslihdse homgerpstation pdaganfrom the

p—d

mathematical models may be used to spatially register the position data for the different
manufacturing process lines. For example, a linear or nonlinear transformation may be
applied to spatially register the position data for each of the anomalies, wherein the
transformation is calculated using previously generated mathematical models of the web
process for the web region of interest.

[00146] FIG. 13 is a block diagram illustrating an exemplary embodiment of fiducial

mark writer 181. In some embodiments, process line 74A may include fiducial mark
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[00139] FIG 12 is a flowhart illustrating operations

for performng a |inear transformation on position
wa@l2109/0c080 ected fromtwo different process |i nBGI/USN8/070069

exanpl e, process lines 74A and 74B. Al though di scussed

vvith respect to conversion control system4, analysis

nputer 28 may al so_performlinear. transformation of
Wrtﬂ%rﬂ&lcf@lr e originat of yupptensngd dycipl merks chnihe exgraplary
ig

o B ORI o AR BT R ATRT, SRR L Dol 18T B fmprisgs gncoder 186,
readeroLsss sritern oy, zfmlrtnggdfrmmhﬂe 092 ridasaalsnark waited! §1gis typically

hecause t have stretc rin r
po%‘porfegrsuglf ﬂ@]; ng‘é és ne[abglf 4:@?6 ng? g hg[ggq fo qixggf rna%<s will be
writfef %ﬁtsﬁfer@ttﬁéjﬁldb?e Mg gf 8 Q@pFﬁilﬁEl@l &5&%%? lgpgndxbﬁéta% initial

systemonto a different coordi nate system
set@)f &idptiel manke hmd yep odiich msodrdacial medss| ¥ 1ducmh afamk We@br 181 can

rom.t rdln ste rocess line 74B to fit
alsp R REPESyF afbor Tt Brsell o Fivde sormorsd iyt e
FiducReatarkt wans fl@[ OBt 4190 iniBYach e nBRIsEOsMRAIcfal maBlddtween an existing
portion of web between two fiducial marks. [00141]

setpif fiduciakbmarker $hetns.dshicrabmagywritoml 41 iseabld iovepplyraney saiof
R B S e A T

madotvhit@rec ess Utilize 31t17e%faredax3ﬂ@1alr§s fidodisl rd@keghbaddiments depicted
oriented along the web jn the sane direction. This nmay

in Bl edesBary/fl éal sk psiteralti can 8¢ medifesd te ayrite pitigent
e%ﬂgﬁﬂgn@gﬂ%ﬂwﬂ%fkl e., that a given process nay
e el

gin wt er end of the web dependi ng on where
[0G1HE] ﬁﬁ@ce&dqﬁeﬂs &b @0tvhitna sdhef eﬁsmrrgeﬁd@mhmnrlss M2A-182N

contr st e y . determne t of th
(“eyifing §€E<a¥ 33 {855 Eﬂfﬂa gL RISHPg Rlabrg@% 1R Werfeanilied to web
204t §o%€et éa?lﬁ‘er‘i@a%% oP e dREBPMHATUERDLSIOTFIEONS Ei@ﬂwt% Xﬁlh@iﬁ] fhark
may logically reverse the direction of one of the two

wriperoldeé sis mtﬁnhmngmm of haw fidhealdmurks dB4 At §4dn(“new cldesial marks

1 PeBR EBR By e PR TrtDe D oy e GRS pavt

of ¥§Pying hlsetr FHRGT fidud el nfakles 1XIGH AWRbPO vAshdRY s@GFUkistifly Filecial
forward case. [00142] After ensuri n% that the data is

mafisolfiZn  hicrlctonaingtig otivhere o Bitite opcw Aidhciph meiks's discussed in
gre‘]%?e?\égﬂ'aﬁ ﬁr%gl{%tc{t%dﬂéiyﬁ em 4 processes the data to

ciral” mark in commobn between process

[00148F In 44 Ax @il arfAdntiolifidgnt, &iRoYETISHRBMPAREs OWh&Y pfeemdéﬁrmly
records the position of this mark as recorded
agHRs chssuirfarg,al wan2Q.15agodechifapy iraps bt ?I&Od%rﬁltlsérfpﬂe%h partial

rev%hﬁf?)n ? b\?ﬁepe? gbgtg%géﬂ ﬁlb&lﬂ% %2 t 'ﬂ‘é%%}:? ﬂ&fuled@' c%h n@gllfre gfe

recor I ne nversion contr
dissynst elmlg web QOradsortiing thk ﬂﬂmbamfendmlbt/\pldsnstahé thondrcumference of
thefvlvl(ljeue ofa encggerrlﬁ%ﬁa%opgxample, if the wheel is ten centimeters in circumference
and encoder 186 gives an encoder pulse every hundredth of a rotation, then after fifty
encoder pulses trigger module 192 can determine that the web has traveled five
centimeters. In this way, trigger module 192 can measure the distance web 20 has traveled
extremely accurately.

[00149] Reader 188 may be very similar to the fiducial mark reader as depicted in FIG. 6.

In the exemplary embodiment of fiducial mark writer 181, reader 188 reads existing
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(168). Next, conversion control system4 finds the
position of the next fiducial mark within the data
WO ewontwdd by process line 74B (170) and recor dBCT/H$2008/070069
di fference between the mark and the previous mark
within the data of process Iine 74B as the difference
WMh (172). [00143] Conversion control system 4 uses the
fidggipkraprkhd 84 amhcrpyuvkatepinéprattion sead e gystingfigiciabmprks 182

o TR P RETEED, I, L 9 v o

enylst E86, 4art than dpieonias sespdsh®nlobd eristian Hidwdiyl markot $aoi adigh

forprocess 74B to determine |ocate a anonal
de%sgpf%caﬂ@cm%v BrinRcan b b5 @ata{l Weqpgichdgst] 86 and reader
1g@nomal y data point recorded by process |ine 74B,
conversion control system 4 uses the scaling factor
[08B0] tloiggramsfide AP2acly ioktuat paoitert 190rto ovrithe newdiddicrbtrark, for

system o rgces I ne 74A. To.do so di st ance
oxdn e R Eran hmients ferniaioniarsp 1€ Reaset Bl Ragroad the
nexlvgj]ap lidD figudAIThaRCEg I iew' BERIA arloY SAR SicBhBW FRluSkl mark 184A
| Pj an. Then, to | ocate the new, adjusted position
pass@y unsigr rdadercldndmiggeomndivat 82 spgresprd pesiver wifgrmation about
cpnt r.o| stem 4, a th al ed di stance ' he .
nevﬁps‘iv‘i“?%nnf%%l%mﬁ ea%ﬁ g%‘i%saVY eqlrrasl‘rﬁl?ngsem?’8§18?e&§é’r‘§%6?@8@%@“5“ an
inkljdt peinted BP{id{éH ) 90 foan ¢empio ang Qi icelcasabsd eapplyasl a1sitiscial mark to
t he ‘%ositi on of each anonaly between these two,
wepi2uéPhexamfPriner AP areRAFise 4 13YT PrEdeRAEA|cyife to secure
me%ffdthtiéa@hr gﬁ&@lé‘beﬁm%gﬂ ib(;ls the next fiduci al frar k. I n
common and-repeats the process until no nore fiducial
[001al k F1Ga6el4 A leidnaro ibldck d9gerarhODdud tingrthe paditiorsrnd eristigg and

. bet n.these t fi i al marks have been adj.yst.ed,

insgiet, P e léfgﬂfl@wtﬁs A LTI SRR fidigisl e 184

arc'iBREAEH HchSedNtruffset drexiiaha raatinenhsds 192, g t‘hﬁeé'xarnple, web 20
process lines 74A and 74B (180). If both have nore

hagiase of oxistme fyduwial tidgks B2adotshofvn 180)G. 1ddnfidngilonarks may be
trol t 4 Wl .fi th iti f th t .
nedif s o M RO e 8 b RE A0 Rismn SR Bbn ke eSheg Ane

rurditth Pl Reitht bha FidutRPmang MR FIGSIalg BeaOsfixREink Gnarks 182,
t he nmet hod above. However, if the end of the data has

fortpaamplecéstian nfeok 1814 hied cpstigesark| 8RB, \awbe Apasay abepproximately
RERL LR Lt P DRI g FOTHLDRE g, N

fidd80) mark® Mag s iiaNRrtedTor elangis tie Aechrduase Hithitbsdh@ethod described
[inearly transform ngf this set of data, so conversion

withggines) odf St bm Spigblstfiduges marksHobeiHesF oppesb 8§ a¢w diducial marks

18fhﬁ$8fis;g{ﬁgcgf%axnﬁmm§fz%y¢ ot8d NeMdRaisr of process

I nes I ning data om process lines 74, or
[0G152h HIGE tM4Bhdlus@dtes dmoexamplovhaomweet 2(hpssi deesf &isting fiducial

mag%%ﬁg%%tltg%gggtfngﬁsg? gedglngrse lgtte.s ’Thgt irsr,ot SIl‘eiiE g sgaré io?l%veerb ﬂiaﬁ/orn the
start of the web to some point 194 down web 20 where the space does not have existing
fiducial marks, but from point 194 on, web 20 does have existing fiducial marks 182. FIG.
14B depicts these void spaces as void spaces 185. In one embodiment, for example as
discussed with respect to FIG. 15, fiducial mark writer 181 may apply new fiducial marks
184 to spaces between existing fiducial marks 182. In another embodiment fiducial mark

writer 181 may in addition apply new fiducial marks to void spaces 185 where fiducial
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mat hemat i cal nodels for the manufacturing operations

perfornmed on the web throughout the plurality of
waorenooaosur i ng process |ines. During operati onPCHES2008/070069

fromthe mat hemati cal nodels may be used to spatially

regi ster the position data for the different

manuf acturing process |lines. For exa a |linear or

maggrihprlddiave pesigtrerchat Pemmar gpaatedptycs alaflbwgﬁ?atlﬁbw gs to fill
vmdesgac%*s% W PORL gd PBis i Fornf ﬁ%ﬁcﬂi\x?ﬁd d;!?&l RORETRE4 BPhat is,

rern hetrans ormation I's ca ated using
fidpeievmalsiyteg Edlemay edliredt tiimnt ﬁﬂinanmfcﬁﬂmlad)fnaﬂh;efomﬁhmg void

sod6° FE Gap Moyt aaralit SR8 Ot IHE SR Ese0Rg1 ARy format of the
ﬁdﬁéﬂ%ﬁ&? Ry ﬁ:lfm% b&i‘d%g?ées RS Kna grb'etcglrlbr%t%& ) |a§‘t05195"[%h the format of

mbodi ment s ocess |ine may i nclude fiducial
exmgﬂﬂlumd rmaIlel §20 rInapptlhar:aanmmomt theifginme, Iof the fiducial marks for

suppl.enment al] . fi du | marks e .exenpl ar
i ERBRuE e b i s TRE AR i Pril S{85Y TR Bl marks py n et
andthért @ibolidherR OfMICia3 @fare AeReelrs 1 1A not faeednyl@BicialMratiglin void
190, and trigger nodule 192. Fiducial mark witer 181

spéces 1%1i>lwlnbyanpbsmw bdedalsoaks ¥t writer 190 is near
[O%gsl ?gn. o&g 111\{\fgt?atgsfo anf’ %X%pné)aﬁ wh?rfe{nd\}vjeco ?d }rla{gaar sl:?’? %tgémstm%eﬁducial

e area o

makltsdisel Blit thaeKstiMel de€éndb@arlg.aDhamid, tigerafy d spatd @&l weeL0 Gfom the
fiducial nmarks to a web which has no fiducial parks.
staptjod em Wb Waﬁomwrtteh% fawnaueh 29 where digrspaee has gyistiag fiducial

maﬂ?s 1|9c f?onWEQm 6.0, :?gfre Qf%ert( °Jx1§¥f?1r %d%gfjg_[ Hah&d 1G. 14C depicts

can a
the'sefltlﬁdlspm&s as vallspmes o85. flncbnm@ﬂibodmlé(ﬁ foetxupgric andiscussed with
f.iduc

exi st et ,of fiducial rks. That i rk
resipdt F PTG g3 iy s SO TR Biugip el 4 shaces
betWREK Exifi MR neke1 §hakq IRIINRY RRliad 8BS Reitera 8l 'iﬂ!l@/talso

the existing set. Fiducial mark witer 181 may utilize

ap@y mhwrﬁduf:lat m@ﬂ@m npidaspycelildbovhate fnducial erdlodihoeldt lswe been

denpi t
preSe BaS o e et iog B il gt af e Rt e aan 5 gpamateh the
forbdadlbEd-adtingBhicks | @DdARE fildh&al rhrkd € ﬂlhﬁé‘ﬁ&a sp&cW1 B R nAy match

set of existing fiducial marks 182A- 182N ("existing
neyifidyeiabmarksrli®4. 182"). That is, existing fiducial marks

[mﬁﬁﬁ] (0 z@i’ﬁélﬁﬁﬂe %@wﬁ 8%0\@) 2‘25%‘% Plet 8t 398 lfﬁducial

maffas 1182y\bmtttﬁefre 158@1gzq151nl thé &t| abatrig tRers @ a Qj‘aceﬂ&l\i\mfeb do (b'bﬁx}een two
mar ks 184A-184B ("new fiducial marks 184")
POy ]s9t7r heP-MihgtRn meb MRS CiEme e ararky i&%&&raﬁh%%%rkof the web

o YL, AR FIEISL s AT Stk B gy s

182, iydtibétecempoiks 1982nd THE vekebt ) s vatd spacofrathhethen bmstlng ﬁdu01al
mar si. tP‘iG.a lﬁﬁ)e gle]giict(sj Ul?elsg IVoi S]rpail(cels %s 9&3%55’5&??85”111 one embodiment, for
example as discussed with respect to FIG. 15, fiducial mark writer 181 may apply new
fiducial marks 184 to spaces between existing fiducial marks 182, and in addition fiducial
mark writer 181 may also apply new fiducial marks to void spaces 185 where fiducial
marks should have been present. Again, the format of the fiducial marks for filling void
spaces 185 may match the format of existing marks 182 or the fiducial marks for filling

void spaces 185 may match new fiducial marks 184.
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greater detail with respect to FIG 15. [00148] In an

exenpl ary enbodi nent, encoder 186 conprises a wheel
wee@ese4d i rnml y agai nst the surface of web 20.PENUHHEs/070069

186 may transmt an encoder pul se for each partial

revol ution of the wheel to trigger nodule 192. Trigger

nodul e 192 can neasure the di stance al ong web 20

[0 58 bAdENnY tsieflovihge illvitraing sxranplpiy opsgatighginyplyed in application
of ﬁhﬁ&ﬁ%ﬁ[{??ﬁ eﬁ% V\#:I l%ﬁ ctsQn e%gﬁl?%%etﬁgg b% BRfich fiducial mark
exanpl e,

eel is ten centrneters
writérr I&U m‘lagfr agipbenandnterie@ddidutB6mgihsas aarcben aodeimplainsehod by

ndr.edt h of arota hen after fifty
%aT s waiter 8 g gaay %@nyuﬁo @01% .@wéla%qtoa@tdem%?%eth@wét spaces
wtheﬁd!M%m Hﬁ%kst éh@%ﬂ%' &bt bitv® ﬁnhcﬁfeltsean% dégﬁbé B éxa e method by

trigger nodul e can neasure the di stance web has
wlmclhaﬁ/chicwdi ek weu@l 13‘31 acywpatyed set of 80dcig|mReatder w¢1881hrm3has no
ﬁ%csl ar to the fiducial mark reader as
eXlaté?ﬁ YR G 6. In the exenplary embodi nent of

[00158H Eidl, Wbl tidt belin f8do addOREES fo BRIKIBRRMSIG. 2). At this time,
eX|st|ngf|du0|aI mar ks 182 and ‘commruni cat es

ﬁduﬁﬁldrmttwr@tﬁr Helald aﬁﬁlmﬁfrde@p@,) i Gapchiranidy, atcbrfrik wougdotfef a
supa)o ?r%q ollrrgg oﬁec% 9(120nt %%{n ngﬁ,rca%sﬁli 3 %0' t(ll 'éré'verlg)ast fiducial

orrra 1 on O ome

maﬂhwsltaietser m Rgpdike tcp@aedtingra loddigxédidel dﬁ@hef wdu efigler MydiR 192
..182 to a high degree of accuracy by being conflqured
initiplizgs p Histames eotte I & 7R R0 Brtditige trigear medelsr 94 ggtializes a

glo\%\)/rglloxzazgl)le-@ﬂ %qt%hregaglt‘llleeﬁ%% 1 ce'b%ﬁ)%e Cﬂdu@fai &%ﬁ{;um a?é 0

new fi duci al r exarrp new
embadiknchB AMggetD ntodutchi®2queduace theif FWab tR0 meReadﬁesshB&cmys
read.t he ne lied fi u0|

conRtragy, HjSHpctpns @0118 OPSHEE eali92rfé3%km2fgmsmg@n

offW48fiai1e ?@exfzhh]:ﬁ §eprér§eh@ Qe dlgﬂaﬂéé' Btk h RYer 188 Qﬁdjprlnter 190.
position informtion about newly witten fiduci al

[O(ltéﬁk WVhgrwels 20vbad exidtimgdieciehivedis i8A1 reaqurilf8 eends @diducial pulse
P 19 i se.
o SATPRRRG T S W Rlnt IR at9E Rl o i

hagbt obQirr@{@ND SrarRhiofiDes), #RAidHRIA GORRIW i oAiMASE Fvait for a
printer or a device to secure nechanical or nmagnetic

fidpeiplepudser Ongels tycial pYssageur ((%Esilppanrh pf 394, Biggekmodule 192

.di D t
il RGPS AL ASHPN B RRISLALIIR, £l PHGLIAGAMbau 10
wik ¢enRheblfier miwncoi@wr N (08), ahennmaik for kB 4neder plﬂE@frblﬁiCE(ﬁdoder 186
betvveen a full set of existing fiducial marks 182. In___
(2 0p,j agnd il epnidnucyig Badicns erg as agenceder gyiss hanyet ppeperEpd (‘NO
braﬁ‘l@l‘i%iszll(ﬁrz As shown in FIG 14A, fiducial marks may be

[00158] Once an encoder pulse occurs (“YES” branch of 210), however, the fiducial
writer will increment N by 1 (that is, N = N+1) (212). Trigger module 192 will then
determine whether N is equal to FD /2 (214); if not (“NO” branch of 214), trigger module
192 will wait for a new encoder pulse. If N is equal to FD / 2, however, (“YES” branch of
214), trigger 192 will disable the “new” counter (216) and instruct printer 188 to print a
new fiducial mark, for example, new fiducial mark 184B (218). In other words, trigger
module 192 will instruct printer 188 to print a new fiducial mark half-way between

existing fiducial marks. Trigger module 192 will then prepare to print the next fiducial
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near the edge of the web outside of sal able area 199
(bounded by a vertical dashed line running parallel to
wa b@wetd4@and fiducial marks in FIGS. 14). Eachr@f/US2008/070069
exi sting marks 182, for exanple existing mark 182A and
exi sting mark 182B, may be spaced at approximately the

sane di stance apart. In one enbodi nent, this distance

magay Bealliedbe AdneelaraseniveRsariipridicale fiat fistapesofd * PO) /2
SR 80 AP o B RSEAE A LGRS i

newdidksiaf marksil8hat other ibtrvaloindyewitfonstufor estanipae, kosic t84ldametlify the
exi.sting fiducjal rks. 182 are depicted in. FIGS, 5.
abq‘@d&%ﬂﬂcgﬁmo DIREISY [igue LaS 44 é&égf}?pqv@%%@tg? %&9@5@ begween

exiBffe AdRSH nofrk€Xdsting fiducial marks 182, but the
existing set begins late. That is, there is a space on

[00468] 2Whém web 2hbastastingdiduttabmarks 1183 bebiveniponga cdrédn mark, for

PG o o 8 St TG b onder 181 can

repl¥ & d@¥iaPinbAg] §2Cd Uk gdler ARAEKIS 1982vill bk @X]I)eje‘ﬂiﬁg deRiueiabpulse but
t hese void spaces as void spaces 185. 1n one

wik nplogrerenenc, ofidestalmirk 183Cds etpsesd Tictdoicesigget mpdule 192
G flduci rtk witer 1 ly.n -
Wil e Bn s SuladiSind R FA AP Blol i oueia e o

wheBy dsstih8 Fidutial anadt 182C shoblddictested (20222l 220 KA twhik fheint,
.181 may in_addition apfl¥ new fiducial marks to void .
triggekmeduled 82 wrB iestiuctvieica il R FacyrieHinci RppleingBe gorrect position

(22352.9?§Q$elrﬁ%h§1(1) | &Hﬁe{e@ﬁ%@%%@%r { e%’&“ﬂd{lgﬁl hik A disabling

spac In a dstinc
thef foadueid pfesamsaeor fnpdugdtafornmtikenck@4 (3 Tivar) /2922%)i duci al
nt format

lﬂ‘ﬁ.%@ﬁc. %nt \?él? f{@ ﬁ%sgt}aoy ?%-lﬁtHgifgdeusgi gi@@%i@&ﬂﬁ%@%%ﬁ Pys a setof

exifsﬁ’ﬁg@@uc@fﬁ eshrko18224dl Q10 NRMY gﬂa‘éé‘scl & asRbKA il PSS, TR fiducial
format of the fiducial marks for filling void spaces

matiggritay 8 enayalctdymatcedhadto gsint o newtficlnciaheartkan meslightly different

exi St.i f.i duci al r.ks...182. ..1 n,.anot her enhodi men
waf et ot TR R il s e Bp T R iR 200 As
thepPRACAS ckBENHFENuLIE hiiRs 381 BridSertRIufOrITALilfevBeMCeive a fiducial
fiducial marks 182. In yet another enbodi nent,

pulse NP abrapelt &f 244D tsertriggr mgduje HZrwikkweibfog gy cpeaiige pelbe from

I ' [ pac ‘ I £ L al
R T R g e, T R
19va&ll @icreniteio D2@hdt &s De= $eatl) (122X TEEgdrgnddutitd2alvil ek determine

182, but the existin? set ends earl¥. That is, there

whethep Ddp ggusl nFREB2D 0 TH s i N Qe bngh of &34t thigeqionodue 4nwill

. N - exl s,
wal T ey e o b S o B BERTE 5 B D, however
(“YiES exiamdh of @28, duggeamadatckiO2 vAlllGnsthikCpdietpr tdSstotpnms @ new fiducial

mD'h SRACES 125 0L, SRACERS ;) | e TR TR
reinitialize D to zero (202) and start over again. In other words, when no fiducial marks
are present, printer 188 will print new fiducial marks 184 at a distance of FD apart. In one
embodiment, fiducial mark writer 181 prints new fiducial marks 184 at a distance of 2m
apart.

[00161] Using this exemplary method, fiducial mark writer 181 is able to either write new

fiducial marks 184 to a web without requiring any existing fiducial marks 182, interlace
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respect to FIG 15, fiducial mark witer 181 may apply
new fiducial marks 184 to spaces between existing
WO 201440 mar ks 182, and in addition fiducial PEF/KS2008/070069
witer 181 may al so apply new fiducial marks to void
spaces 185 where fiducial marks shoul d have been
present. Again, the format of the fiducial marks for
newifldupighmadis d 84 baivesn egistingljdugigl aparkn E8% oF Aregn teplace a missing
sting marks 182 or the fiducial marks for filling
ﬁd@é?@5§%aces 185 may mat ch new fiduci al marks 184.
[00162]LF4(. H i©a flodidhhatt ilhstmttesxcatpley appladomhiaveived ineldeFying

has_a set of existing fidycial rks 182, but there is
arcgs gych mateal §>_é1a.gwma¥eh el SF%@?@*@&V% BT EsopEhout
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Isting fidu mar ks 182 fromthe start of the web
syrtebrquadativn.1 87oneaamabddiroent painversiodgontyol fysteertluses fidneial marks to

. b 20, h i ing fiducial 82, t. .
idoi R ot Boh P B o s o i s s TRES R 4 Rk idenity
sedn®dnResT 4 fdflcu@ar vodu 1 7, 1 0l dtalt BhveBrick %I‘OE%IEGOI’M& dRRlGt&ring

t hese voi d spaces as void spaces 185. In one

praspsetlV hbnidenfipringexentiopring Sidueiglmerks drow eaghoé dsauocasers that are
Fl fi ial mar [ter-181 appl y.new

prepputh R Bop bk EOr Sadioh BRBLWOEH 4 g

exdnaglk snclifbd, dopfeted il FAGdi ¢ toodiedtt deiradponddnkc Betwicer ddt8 Lollected
may al so apply new fiducial nmarks to void s&aces 185
frophiepeausncg i ithel Variguk Brosawses ¢ fravdapisalnr prebdathscemepai n,

[odsllgglc fgglrsggg)aﬁfcuial? Scbir8itGh %k ilt8Est s %e%ctgd. (It3 ILS % gl}fé?{%gy § gser may

may nmatch the tormat of exis
seleat atvid tolldOair alpontionktherfeof thidughiangaptocad usqrantesfad85GrdY)

mat ch. new fi duci al rks 18 00155] FIG .15 is a .
praw%ee@hsémmﬁeﬁ%‘iqngpF%@te&%-nglp Fyerow&tgqriem@a}rﬁw,%@r devices
maglrint_@ﬁmel wih bV eRfiod écﬁlﬂﬁﬁl s%e'ﬁ?ﬂ lf&aﬁt@m_@tié’ﬂ@l?-olr ’s:érﬁ'—\i-ell(lgtématically

epi cts an exanple netho y which fiducial mar
sclpatiatvesb 108 hndagtriappdapa frem, conmereioh aortolfsy stawi4al Carnenckssont @ontrol

b as ,an ex | e nmet hod .ch f.i ducj al .
sy aar s R Ry R o ke PaE fet filfsdmd in-
prdcB@twéltsrolls AAGeSitiwh &S Bndl ivibbGbRd 1018r ks shoul d exi st but

do not. FIG 15 also depicts an exanpl e nethod by

[0048# L KO1icie ey s iomepIkrohsy sten 4104 a pasficalap Meb golk far vdfich to gather

Fi . . y £ .

datge SRl BTt et Y, YO, DR} L BBy HE  tous

prdceady 74 anid edlckicd @y (Cbhdolid2on Rvdrh76 Comersidn cbitiohbystem 4 then
mark witer 181 is activated (200). Concurrently, web

ideppfipsa Wgteéptfofd}osséb]g Wf@sisg@rpgﬂspesgﬁl&hgdpqyel& gsgociated with
TP e e Pl RS o Sk MYy Bt rcen
prdcessds Ty fardgertafuldr iveebwel and theggerursrodulidenti§2possible predecessor
processes 74 to create a tree-like logical construct representing the potential processing
history of the web roll. In one embodiment, conversion control system 4 may
exhaustively search for data corresponding to the web roll. In another embodiment,
conversion control system 4 may use the method described with respect to FIG. 17 below

to reduce the search space in which conversion control system 4 will query for data

corresponding to the selected web roll.
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initializes a distance counter Dto zero (202). In
addition, trigger nodule 192 initializes a gl obal
wa2000abi9¢0 FD t o represent the fixed di stance bRTTESI008/070069
fiducial marks. In one enbodinment, trigger nodule 192
presunes that FD is two neters unless it receives
contrary instructions froman operator. Trigger nodul e

[00165] A féss crmycrsian pantepl sysem s asseaibled\he sapNespPE iRk AR
o BB 0DL B5  B15S RLARE LA BB A0 B it

with8Rg web mib@ 548 8Smrfdmllﬁ cbhdirciba Icormdlsgsttm 4tma§ggmrch for fiducial
le 192 V\/ne rea 188 _detects a fi.ducial
maﬁg%fgatggatsh fiffeid f%‘l‘r B & eheShf eaievides {hengeya e of the
pr&gssgpﬂl) the E&?CH‘ équy& ' @&n&%éléﬁéon\f‘ﬂol Lys@e‘i’ﬁ‘& lstocbeX‘Rhtan eﬁﬁre roll
duci al Once a fiducial pulse occurs ("Y
fortspacnﬁh s@g‘m@mc)f the rallgy gefﬁnerdﬂdm erthfrangd of fichictal aialrlzsdﬁar example,

new, c 0 nd di. st an 0 7ero :
sedf b had e e b SERE SO REITLRAE Pk el AR sbaRE b n
ovér?a%g?ng fiduenl watls dnRingdhe FIOEOLEY thRKoER afse@ILRRE ALK LA (356).
and will continue to wait as long as an encoder
In pmﬁ g@qua@elytetf capYcryen apnted systewd denagicktcominzpcther overlap
exégg‘]‘g’%%%n\%ev g r3§ nC Lgeetro é%ﬁl ?ﬁh&’%&t% %tlfel we':‘:bsrollb({a?a Cel?l?@ot%l)ggered
(se& Télblb 651; bélw),khen d‘éhlvérsioﬁﬁhtrol'rsystg@ﬂr WHD&&Ha&stﬂs}%Bj szafclh all of the

en determ ne her Nis equal to FD/ 2 (214 i f
datﬁ é%6Q) twboktfprawc%labﬁ 2 aytheg mag gaing ﬁﬁ@atl@l@ézan Swélu gs the
me l%rvc\ie (I\E/}secﬁl%/é{ E%% ecpﬁl)l fs?[@i ’} ff}‘l E)Iosovglqéija&égrtg idg? ﬂa.rtﬁular segment

(“ND’$faheh bihEG 0’ré\N’O Clmumlewf 3(62),&)3nmsion nsrttrcﬂ Gystgmidntdirsearch for

thegr}gegh{??‘af’ol & Rlae&tgilgo %@)40% ﬁXléft(thS ﬁmﬂ’»‘%gare%?’ branch

of W@U&&Véﬁ?mwoh{ml %3@‘365&44: Mpfécaﬁdedatal&%o&ae@ WitRlth&rd1BWhth the
uci al mark bet ween exi sting fiduci al

overtapkg fiducbearksolatd feormgz)rvdelctssmru@ﬁi fpr tipavad ol opiiterest selected
tthe gbﬁxt fiducial mark by disabling the fiducial
a Sﬁ e% t sensor input gate for a distance of (3 PO / 2
[0&138?)@@&%@ dkirbll §etehiu tdiRingéd todb&ck aRARe@0@Ecgments exist on
nodi fying the above instructions to print new fiduci al
thepmetsled anteresidBhdr Qurcapiredrsion sentpd systers dchas figgshed scarching all
e i f
of PG Fusite TR epbrdgPurBRAES. SO (D) bieem 4 it
seledtstrRRCErobst beed oﬁﬁhépﬂoﬁ@sflisdg@ﬂeﬁiltedmfs’t@ 3582364)00159]
Wen web 20 has exi sti n% fiducial marks 182 but is
[0046Zk ﬁf@eréo’é\éﬁ‘rr%lalil ROTHER RYSTera A hap gptheied thg dati gprygryign control

sysftén‘ii H%%}I zgt % Q?g) ??@R,CI a wﬁttﬁgi ggégg’fﬂ %Ea?]gsgé@ﬁ for and

ter 1 can re mar kK
1dennmﬂlbsegﬁ@nw aof Iwebem&anmllapplgg didficidunadkb foulasleptoatss. Briefly

referring to the example of FIG. 18A, conversion control system 4 may identify roll
segments 376A and 376B, ecach of which contain web roll segments common to the three
processes Process A, Process B, and Process C. Conversion control system 4 may then
adjust the data according to the segments and align the data such that the data is usable for
analysis to, for example, mark anomalies and/or defects on the surface of the web, or to
analyze the processes to determine where anomalies or defects are being introduced so that

the processes may be adjusted or corrected.
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will not receive one, as fiducial mark 182C is
corrupted. Therefore, trigger nodule 192 will use
waelz@pande counter D to neasure a di stance FD fPrP@r$10e8/070069
previous fiducial pulse to where existing fiducial
mar k 182C shoul d be | ocated (220, 222, 224). At this
nmodul e 192 wil | |nstruct witer 190 to

t
[0(1%1%81 &16i iﬂlj g?agﬂﬁomﬁw i{lystratipg evipriety qpsEitioppiveboéin determining
| t
e b B9 TR L300 R BRIRARE GRENAL 01 Hd Mtgimens

colsensar cantplitysgat & u’é@rthaexhrmilame&o«ifdeb&tdﬁ@ FIG217 Q)Ziﬁ])prove the
001604 en. web 20, E@7 t|n fIdUC

perfepmangy of joesfingdiotegia QC%§S%Se f‘t rB?%f lgat"er?ﬁ ?‘?tﬁcﬁ t%tPSSOCIated
t'ﬁ?'ak‘tfcuiag %vé%sfoﬂée (0. @én\)é%lgn §c9ﬁ‘1%? ShEr 438ayS ﬁQ‘@QaﬂlﬁleFﬁﬁroduct
14, fiducial mark witer det er m’ne when' t

angppiiontssgonewirts thatoedur e to thm nauml ofghﬂ d;(ylsdalhfseo mﬁucm. search
I niti er no 2 Wl aIize di st ance

spasBreBretdevibe S8R I TBBT & pETEwaR web il M ex ot ng

[00169H A n dﬁﬁfﬂ@% ﬁﬁﬁ maikﬁﬂglﬁ%fatfmg Uiﬁo@ﬁ%e\/ﬂr&decé‘sﬁﬂﬁoll operations.
receive fiduci al pul se ("NO' branch of 204),

Totrpgkggee Oﬁ’tb@%ﬁ 04SP costringaone fgly agsembicd AEPCyss rassecw@tmnap

tha?J ?és%g ﬁeso%g gﬁ%zo%e interollo%s % avﬁe?ﬁ o%g%us%?qu?ac %:nu r %’0{6585%4 The

prdctdyalssdcsatiol rEapDﬂth df(SZﬁBé forléxag@yes, powitile preli&?es%r |p|rodel§&51 for
determine whether Dis equal to FD (224). If not ("NO

caqhrof pEPPesTes 794 Y able i hgwp amsXRMpIC PYPERS 4SFOCHHION MPY a2 new
encoder pul se and continue to increnent D. If Dis
equal to FD, however ("YES" branch of 224), trigger
nodul e 192 will instruct printer 188 to print a new
fiducial mark, for exanple, new fiducial mark 184B
(226). Trigger nodule 192 will then reinitialize Dto
zero (202) and start over again. In other words, when
no fiducial marks are present, printer 188 will print
new fiducial marks 184 at a distance of FD apart. In
one enbodi nent, fiducial mark witer 181 prints new
fiducial marks 184 at a distance of 2mapart. [00161]
Using this exenplary nmethod, fiducial mark witer 181
is able to either wite new fiducial marks 184 to a
web wi thout requiring any existing fiducial marks 182,
i nterlacenew fiducial nmarks 184 between existing
fiducial marks 182, or even replace a mssing fiducial
mark. [00162] FIG 16 is a flowhart illustrating
exenpl ary operations involved in identifying areas of
web material for a given web roll segnent that have
been processed throughout nultiple manufacturing
operations and, therefore, are candi dates for
spatially
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synchroni zation. In one enbodi nent, conversion contro
system 4 uses fiducial marks to identify various web

WO 200b914940 10. That is, conversion control systReT/4SI988/070069
identify segnents of a particular web roll 7, 10 that
have been through conmon manufacturing processes 74 by
i dentifying overl apping fiducial marks from each of
the processes that are preiéﬂﬁﬂon the web roll. In one
enbodi nent of conversion control system 4 uses the
exanpl e nmethod depicted in FIG 16 to create a

conlggggndence betm&mdeata (oIIecrmdtﬁronwa sequ@hog D
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enbodi nment s, eV|c fac th
conver si on coﬁiwgﬁ‘gvg?ﬁ %hﬁﬂ@§%&FF%%¥” or
seni-autonatld@hhwlsﬁkQSM4a b roll and retrleve dat a
fron1conver5|qﬂ§%%pg ﬁ?ﬁ m 4. Conversion/ contro

system 4 may [a cessing data colllected for
unfinished meUHmﬁmjsnﬂm@ﬁﬂ i mprocess web rol|s, in

a) rnn1L:/| ne

1 o
auul |.| Ull C U | | Iul VE; | UI | Q U L \JJ.U""J ATU T

ProsE¥ it si on cont P8t Bistem 4 fhas a parti cul ar| W8P B¢

Podsidie PiktiecCd3sdre g[a;ishﬂe petdta@ssoONver si on cont r ol | Byssible Predlecessors:
may begin to for ta|gat hered by the| yarious

"o ocesses 74 FV@%?%@ consol i dati on s%?@é?gnm“SAz

76. CbnverS|omHaﬁmLPﬁkasyate 4 then identif| ®snt&\, Process A3
conpl ete set ssi bl e predecessor processes 7 hat
nagpbe associg%ﬂﬁghf¥ﬁ“¥ﬁg web roll (252). F&%m“%’%mC“SB3
exanpl e, convierisitanrPoost nal system 4 may i denpladty, Brocess Cl
nost recent péﬁce ES 74 ﬁor a particular wep roll and
then recursi vigls"deWEs § possi bl e predecesspr
processes 74 tmmﬁ[eaﬁeuaDQree i ke | ogical clonstruct

r rocont nao ha nat ant acpoccl na hi ct Arhs nf
Fepresentrg—th At-al—pt-eeessi-ng—histery—oef—the
P"WSﬁ‘*%II. In Jﬁ@“gﬁggdlnent conversion contfol system
Pos%ibmye@mwstlmeilmeseaédéthofsor data corresponding to
the web roll. né t her enbodi nent, conversj on
M9ont rol syst ¢ 1%“2a§“ﬁ§% he |[nmet hod described with
respect to FI|QlantC, bet@wctio neduce the search space in

whi-ch—conversi-on—control system4—wH—query—for—data
P“Eﬁﬁfespondlng to the selected web roll.[00165] After
PoDVBERLQErgoNt rol system 4 has assenbl ed the search

space for datfa associated with the web roll,
ofonversion control system 4 may search for data

Praas§&® ated wjth the web roll [(354). Specifically,

conversion control system4 fgmy search for fjducia
Possible Predecessors:

none

[00170] Conversion control system 4 may first select a particular web roll of interest
(300), i.e., a web roll for which conversion control system 4 requires data. Conversion

control system 4 then determines the last one of processes 74 to have performed
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mar ks that match fiducial marks of the web roll of
interest wwthin the data fromeach of the processes in

wao bwsemwech space. Conversion control system 4PCEYS2D$070069
search an entire roll for specific segnents of the
roll, defined by a certain range of fiducial marks
(for exanple nents 376A, 376B, FIG 188%

opeAvRIsag thi Web mlk gﬂo%y@@émwﬁﬁ}pnsc@aﬁe}ﬁw@m gdds| tApprogeps to a

P P RIB 0 ESSRR 3 i acheaTe
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t he net hod d d with t t
00T PRt ouB R Do § B prekst S RO Btreny Fi Regieh of 306),
coeAdiecAttroB SRt 4 's¥etts BhabLie ?fed%@e%};or Iﬁf@&%@s $3@0¥). Conversion

control system4 will search for the next web roll

co@mj ﬁ@mm Arhayothen Pespnididlyspeetormta recuyES: insteane ol B n%@dor
porrtreag%(} glbfg?:? gl? aesxggpgég%t n ﬁl%q\éﬁlrr?l Pnsgag ot {h% V\(]e%yrﬁ 1 o@ln%erest 18

alréndgrskRpietl NThitiigluwohadrsioR ckstrad ayaeﬂlrmm@é@dﬁ@ %Sﬁhér this
roll for the web roll of interest selected at ste
pregseessqrawacss itcHiiie paY Biedecsisarnpndsydd thendo Esrtacry @ge pggnch

froXEAE ¢obt pre roll segments exist on the web roll of
0 ntérébst(ﬁl((ggM Once conversion control system 4 has

[00‘1[72|] thi coaadrgibn ngntaillsyﬂéthtam]hﬂes sdgrentsy mssmpm&oeskor

prw‘%srﬁs ?@f@% t'hg%%»@%%t gﬁ‘@@@fﬂ%égﬁr@koﬂ gﬁ\{%@g fb) then
the%a%@hﬁgi oAl HBG/Bvé’ﬁﬂ? K38 B mbi@ %@Zﬁleﬁédgeesg&w&eggeera“YEs”

control system 4 has gathered the data, conversion
brapompf 3l 2)S§QSIlVe1mO¢ qma‘gro]asryaﬂemzééwﬂhperﬁa"nathé S@ﬁyslon for each of the

t 4
oA Ry TS Sty e LT gt A ERO SUa Y AR A Fepesizp franches
toﬂli@rr&ﬁoffg{et@@ch process. Brlefly referr| ng to the
nple of FIG 18A, conversion control system 4 may

[ﬂqlaéh ﬂiabgﬁ ¥ bglow pecsarines ew@pie da@ ss7eBMuiadd processps Bt
coﬁ\ﬂ%?sﬁ@ﬂ & \f\l%gs;s?én!l 4%%97[‘%@%'0 ess {bntﬁgy bﬂ:@eﬁt I% g@ser. Table 5

processes Frocess rocess

mcﬁaiay €icRls R1AHE, Glirs§ Y ASEMIH, Ma;y Bxpestedd] Asthalt#)andl @omments.
according to t he segnents and align the data such that

Rofl Nangiaies 4G mangesefit w0 llfssgment{py s patiegar prggessx B e thefigugial mark
Wlﬁrﬁmle%t%%o%ﬁﬂédo&stgﬁgeqﬁ b 18041t G&dﬁﬁg %@ Wﬁp&;f thé Ero‘é’@ 196t is the
ana € processes to et ermn ere a I es

ﬁd0c1aldailrd§0mﬂl argestasogateditistdacmdhs tochlhabordinate system of the
process. Min is the fiducial mark with the smallest value. Max is the fiducial mark with
the largest value. Expected # is the expected number of fiducial marks of the roll, equal to
(Max —Min + 1). Actual # is the actual number of fiducial marks on the roll as

determined by the process or process inspection system. The comments field describes

aspects or status information of the roll, such as potential flaws such as data gaps.
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the processes nmay be adjusted or corrected.[00168]

FIG 17 is a flowhart illustrating exenplary
W@pwpat49ens i nvol ved i n determ ning the sear chPGRPESM08670069

data associated with particular web rolls 7, 10. In

one enbodi ment, conversion control system4 uses the

exanpl e nethod depicted in FIG 17 to inprove the
[0MddF or nance of locating potential processes 74 that

may have collected data asgggiated with particular web

rolls 10. Conversion contrvﬁsystem4 may, for

exanpl e, use product and process constraints that
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recently analyzed process. [00171] If there could have
been a predecessor process, however, ("YES' branch of
306), conversion control system4 selects one of the
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predecessor
mark count differ by a certain percent, conversion control system 4 may determine that a

gap exists in the data and will exhaustively search the data. In one embodiment, the
certain percent is a five percent difference in the expected fiducial mark count (“Expected
#”) and the actual fiducial mark count (“Actual #”). If conversion control system 4
determines that First is not equal to either Min or Max, or Last is not equal to either Min

or Max, conversion control system 4 may also determine that a data gap exists and will
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processes exist for the currently sel ected process

(312). If not ("NO branch of 312) then the nethod may
wepIoHever, if there are nore possi bl e predeCEESWNG070069

processes ("YES" branch of 312), conversion control
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conversion control system 4 may create a depth-first search tree from the processes for
which a significant number of branches may be pruned to perform the search, as opposed
to exhaustively searching for data. Those skilled in the art will recognize that, for the
timing functions Big-Theta (@), which describes both upper and lower bounds, Big-Oh
(O), which describes upper bounds, and Big-Omega (€2), which describes lower bounds,

e

this method may change the run time from @(n*m), where “n” is the number of processes

and “m” is the maximum amount of data stored for any one process, to O(n*m) and

Q(m*log(n)).
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or Max, conversion control system4 may al so determ ne
that a data gap exists and w || exhaustively search the
wW@l2109/014her wi se, conversion control system 4 PEEUS2008/070069
proceed with the optinmized search nethod descri bed
herei n. [00176] As one exanple operation of the
thod, the processes nmay conformto the hierarchy
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thdinas mcsi@olrziteablbjr mftrheceamhtswntitety e(é@g}nrszcm ctdm&'ol sylstem 4 ey use
tjm ng f uncti ons Thet {11 descri bes both

the vyag‘s\és W ufga gxangg t@]qptlrmze the processes or to repair or

perform maintenance on the processes to reduce the number of anomalies and/or defects

occurring in the web as a result of the processes.

[00181] FIG. 19 is a screenshot illustrating a comparison of data gathered from two

process lines, for instance, process lines 74A and 74B. In one embodiment, conversion

control system 4 comprises a graphical user interface system allowing a user to interact

with conversion control system 4. As an example, the graphical user interface may allow a
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(O, which describes upper bounds, and Bi g-Onega (W,
whi ch describes | ower bounds, this nethod may change

wao b@oowtime fromq (n*m, where "n" is the neCHES2008/070069
processes and "m' is the maxi nrum anmount of data stored
for any one process, to O(n*m) and Wnrlog(n)).[00179]

FIG 18A is a block diagramillustrating an exanple
usqRdp obssrye qng wmpa@t@tas@qiéé@d donpa Atk GemanplHple pipspepnFIG. 19
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thosakikHcdthAbe hﬂ tcﬂ&ﬁﬁeve&ﬁtﬁ Segpimed wak @parttompifidatiabmark or a range
fiducial marks 4889 to 4897. [00180] FIG 18B.is a
of filecd kg r A2 Aon eP e&%ﬁwﬁiﬁyn@é@weéwsb glRhabxctispl. of

alpéﬁéﬁm%nﬁﬁi Iﬁlsgine]e?n%ogﬁﬁ) (Est B EQBERSH ch)%fgg 3 droap -down

may rea e segrrents to ana
text bmmajhpmgimﬁearcliéaﬂmtmﬁ e dvemes, a&%&ﬁma}% g&Gchhfavy éhe ID of a

roFRE b APHR0a RRuRaRe S bEdabbuPRRHLRGIA b s e we
undQRUEL SNt ﬁ&rﬂfrp%du%)ésltﬁﬁé QVeﬁ%Yas Woenttd1§ Rl &edSinto, to which of
di scussed Wlt respect to FIGS. 16 and 17 to determ ne

cosegmaiss 8 7gAvcBFeBdehtradoondthgroroprtiseefiremels so t hat
10GiREE & B e e ofePisr I o T RS a0 SO i

texP bOER 238 52 Ih Alikdwiye, R ¥RcPRAbEI i AEnR Rexd BERARM, BFPMaPBemprise
376B. Conversion control system 4 may then ext r act

drapedavicbrned AT Plovisgaph Surgrigmlity ewarch fapihr IBesiamagisylar
pro gssgﬁl%%%éaec?'n \g 1th1I %Iff ﬁl%hﬁfa%nhg gla%%rg g %roce l(li)hﬁe ipf ch%gr whether

theGiro@dss likk SompMiNes a Iﬂ@ucﬁD&EDﬂ(&ﬂﬁéﬂT& vA@pfy@abﬂ $vchif€lg. paper,
Met hod fqr the Automated Marking of Def ects on Webs of

wongi angtal il qtedthagrocesplineosratesingn; rHberegwes ohwpegess line.
[0(1(1341/ THRERQLAL IR eg?ércrdecflg '[Iﬁ@t‘fﬁatfoﬂ 11'1 {e%t GoMds P8h Y254, 256, the user may

nversion control systemi4
then select submit button 258. Subrmt button 258 trlggers conversion control system 4 to

retrieve data in text boxes 252, 254, 256. Conversion control system 4 then retrieves data
regarding the desired processes with respect to the web ID in accordance with the
information entered into text boxes 252, 254, 256. Conversion control system 4 then
displays the requested and retrieved information in result pane 260. If an error occurs
during retrieval, for example if conversion control system 4 has no information about any
web with ID matching that of the requested web ID, conversion control system 4 may

instead display an error message in result pane 260 informing the user as to the nature of
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the data in other ways as well, for exanple, to

optim ze the processes or to repair or perform
worziopherdnce on the processes to reduce the nuPrdEDS2908/070069

anonmal i es and/ or defects occurring in the web as a

result of the processes. [00181] FIG 19 is a
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s mg ent | uci a
system tb@thac askidewe bmng Iireoetss hme(4(m§é:hdrm1ylybﬂ copuifer 608.bProcess
in the. art jeve data ssocjate

hnw“@imaf"é% ’|En|% Pl pparatinns .49?&%945}[ spp%rav%mg@ o}pqr ogpest gyithin a

plu!frﬁ{tg%f ddfindt @tafgei 4(?5A\’3@f@51qr AR d%ﬁ&ﬁ)%ﬁ%ew v%ﬁ%@fahﬁﬁi 404 may
abetical, “or al phanunerical. In sone enbodi nents,

be aaﬂleldmﬂen padbo tesdifieoyt stagprd0s caral @icly pf thowtageeney bexdifferent

h Ll L
cof B PE B of AT ket b in hRI R Bs RS
sy <@ 0@ hRy I B8 c B b NASw ERAU A h KD &Ch lutehiBt o R B&8StSprbd R fg lines
the web underwent, what types of products 12 the web

fOTWéQCIéD@%@WMH@E ho spatiadly iatigesd in goegtitiatec orithatbptashring
de%h&g%héf%lo %Qﬁ% OAVXﬁSOf %ﬁéﬂay gI{ e4&)’4 18%;% %a?tlt]eg{%h a%ﬁlgéﬂaﬁlz)n%gout web

ser SO €

406leshiciethap cogepand tcnzeszeﬁ ﬂolt m Dac 6Oopaitaths 404t X topb@axies 404A,
254, 256. Likew se, in other enbodi nents text baoxes

magg@nergﬁgghgfﬁx} 1@W}O§écg}rgw_gd%g\ﬁrg§?@@1@,te iﬁsm dehile another one
of %ﬁ@%tfd?ls f9n Cé @1la't1t)?( 4b4B Siﬁ%;e %éhejr:e&’é fgﬁﬁl 1h?)r&fat1@n according to a

I cular’ p ess i ne ba
scavad adadinata sygtepl. dntsem6 etrfbedlmemcse satdin nperatsorlsddd neay, only gather

dlg}\‘g‘aﬁng}r%lf‘égg w%gﬁte@%%}lg %e&é&{ Ié?lgnglﬁ g{allggllft%{r 268 gl%{l i1§et1rieve and
store the data gathered from operations 404. One or more of operations 404 may change
web 406 in such a way that analysis computer 408 must spatially synchronize the retrieved
data.

[00187] As an example, web 406 may begin at operation 404A. Operation 404A may
initially apply fiducial marks 410A—410M (“fiducial marks 410”’) to web 406 at two meter

intervals. For example, fiducial marks 410A and 410B may be spaced approximately two
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woven, netal, film etc.) the process |line operates

upon, or other features of a process |line. [00184]
w@eeeonwser has entered the information in tekCT/b82088070069

252, 254, 256, the user may then select submt button

258. Submit button 258 triggers conversion contro

system4 to retrieve data in text boxes 252, 254, 256
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410.i Opsratidli 4@dRImhst'redond des,uluth papmsitkmdatal hnemaly kietaydefect data,

is able to view and conpare the . data gathered fr
and/ BT, %gcmrﬁlélg @ 8 IERE QRN onOnBtth gRmay
lik¥\BRe ﬁféﬂld@%sc%hHJuYerltt%) stﬁﬁzktﬁle g@l@écgéd%%_ ﬁ*é@ﬂﬂtiné"t‘é%é B8tinct coordinate

process |ines cou be altered to inprove product
sysyére buld tnidted@ce with @ndgfie computp OB 8)pdratien 43 Bdepy elts iraprt new

I f .t ti nbadi t f | yi. :
fidgg g it oo GRSy B Y R E R U 6 B GRergiipa 4044 in
accdddhc@§itAARd fbMOd daicassb@re @t With Bath&S tOFI@NSNMBubRYuertPhocesses
a plurality of different stages wthin a single

404 mor sumilarlyrocespveb 490, wiiph atay ieyodyempuipolatingthe size, shape, or
inei - ' ; i.ne. | y8i
oD GEh OsB DLRERRS JrhBiGofR A0 £y PR sy marts 410 an
recOREP@Itions SodEpOndiad M fideid madrkoms), 404e)l apdith @atiectd during the
wthin a plurality of distinct stages 405A-405N. As
OPYa4R: ifF8d- bel ow, vari ous operations 404 may be applied

[0d’i’%bﬁidhc%%&é% Rk il hﬁisgéc{, E.@.rcﬁf% oé&%ﬂ%ﬁ éfbgﬁravéﬁgisﬁ@&:é}oggssing web
the stages may use different coordi nate systens and/or
406, adelysialcompntes 40$may dgatiatlp spiathedmzepdisd fromropdedtians #A34. aFor

NIRRT RN NE N WE T -
a method similar to the method discussed, ¢.g., with respect to FIG. 8A. In another
embodiment, each of operations 404 subsequent to operation 404A may receive the
coordinate system of operation 404A and record data according to the coordinate system
404A, similar to the method discussed, ¢.g. with respect to FIG. 8A.

[00190] Analysis computer 408 may create, for example, a conversion control plan

according to the spatially synchronized data. Analysis computer 408 may analyze the
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for which position data may be spatially aligned in

accordance with the techni ques descri bed herein. Some
W@ro0ahi49¢d operati ons 404 may gather digital PCT/US2008/070069

i nformati on about web 406, which nay correspond to a

web roll 7. One of operations 404, e.g. operation

404A, may generate digital information according to a

spatialy @y@@&wqdaia@ teydsteamforgrpmplea prnrprdics gledecss, or attributes of web
408 HF&%&{ 3 Qi%‘;e%rgzhe p%rtgons%‘?@vregwogq S4B 8% ﬁg&gﬁh&t

i nfor mati on accor mg?o 2 second na
exeﬁmﬁt enparticul samstoareh aty reqiix, cxaemtBi miroperaagdsafsaditibn for one

e b TR o L P P e
acctegf"a dader regl%% %? (I%‘{jatfoﬁqm%oa%ﬁf%ueg n%n ggﬁs c@ﬁﬁu@f 40@3ﬁ1§y QEtermine

erations 404 may change web such™ a way t
whaahaoygors of @qutﬂOérfamﬁﬁo thesighdp abntmlleyl ranygeatvenatzen a;ﬂdeieterrmne

tr dd 187 b 406 :
the g PO it ot o e AR I otSityeh Wl drrigns of
weBRDb Yhat bUgitiah KBk Her ﬂala@é\of’ﬂlé}Mtl()nfrﬂ Wel Rlivéred ksthd kécohd

to web 406 at two nmeter intervals. For exanple,
custorgerci al mar ks 410A and 410B may be spaced

[O(ﬁg?f %n&?aE %g %1ay Af%ge%{mne v%e%ﬁ%élﬁg%lgﬁesae?qs% 9n41'§‘é1 1&Rar

u0| narks er

poﬁﬁﬂm\yew 206 A‘ﬂ}@hf dpctativnalo4raiak itkidiuas dn(dﬁdlf%ﬁ JYvKieh éay or may
position corresponding to each of fiducial mar ks 410.

nofciﬁ@ﬁea@q fegis. At AvabeiPOr ddighdiseapuics g8 mapgediel forggomalies and
i
st @9 Qen® hclll Ble SRR ARSI RILAL LAl
preclotise Ceadindadmahesaoaydeange & defebieinfone @toduoowhililmﬁmaecessarlly
system_and t nterfa th anal ysi s ut er 408.
causgis h el dbd difrerht prqqcuah%%lwasaw%p%%‘% yatrSFéfaaylfB@laﬂon to
detRfrfRE Whlé?{bd@ﬁ&ls%é%uo%rshl)&ldtb@ Quisdd 1o bredRES %ic‘ﬁrbrocﬁxcgs
operation 404A. [00188] Operation 404B may perform
[00;19613 e’dlfiongh déscwbbd p@@artilyarith @spﬂct ® gamealtloh andspaitinl tepstration
nsi.ons. of web @1% exa

of Sty AT iaf (s e Crze Pt b ! By BEERPRGY not be o
deffebtd a@pe@hmg&ﬁlk@,ch@ramen@ﬂldmﬁu abv oy K e 4d DRI @BSnAF @gappmen to

aced appr oxi mat el y SIX neters apart I n ot her
deﬁ%trla rmafiert. af hab is, 4 OusiprayIced rettnsHoya BhesoErmediak dinctions of

coBEPEbRond AR Ak IR Bt o
ideBg i 4ttt teficbis N enséead Othe 854IaN diaycpoaictdndBphttillyaagibenficfect data

fiducial marks 410. Qperation 404B nay record data,
dirggiyh as position data, anomaly data, defect data,

[O(ﬁ@% gﬁo@M& thbﬁ%lf&é& ib@EG A géjggcttt(r?rg@a%dﬁifo'r Qﬁ&malx/dlefeét

. For
e

coo nate syste eration ew se | Ncl ude
detactommysteers, dny datogahdring roaink evtydd vded withtlooechmgues @s described
hertelhne Fdolrsegcelmqglte a?a? rrnglly rt])gtggthered using X-Rays, beta gauges, physical contact
sensors, spectral gauges, capacitance gauges, interferometric sensors, haze measures,
three-dimensional (3D) surface profilers, ultrasound, or digital imaging. The data
gathered may be, for example, images of the web, thickness of the web, weight of the web,
tension of the web, opacity of the web, surface roughness of the web, conductivity of the

web, or pressure of the web.
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systemand to interface with anal ysis conputer 408.
QOperation 404B may al so insert new fiducial marks (not
WG bwwa)49et ween t he fiducial marks applied by BPEEDS200$670069
404A in accordance with the nethod di scussed, e.g.,
with respect to FIG 15. Subsequent processes 404 nmay
sinilarl¥1 process web 406, which may invol ve
i

(04l BuCat] g tipek dipgram illnstpéing gp alieinativermkasimentof dic
tecﬂﬁlaké]'soc%iﬁﬁﬂ e%? as eﬁﬁtd 9 ?fstéxq For WU e &t qnéas?\léﬁfeﬁl data from a

recor p03| correspon

webi dithbagh discussedddriimarég wieh ﬂesmt xd,apanaj ayﬂnmr@dzaﬂmmolﬁ gnomaly
the operation, if an [,00189 06

infpYUGReHS [SehBiaugn ARt fsef% ﬁﬁe %ilﬂﬂfgﬁéo fhergatisgige of anomaly

infBnRERAS IFBPe 1@ Qe tc2RG e%'d%s&ﬁ)‘é’& HEREn AQS bg?éédlly adapted to any
spatial Iy synchrioni ze data from operations 4 P

forexa‘igadﬂ@rmg iyt sick esipocess dG8unsangnisdd, éotd\atlamgamfhauadg

ron1o eration accordi ng.to a, nethod s
Metaﬁléreli‘?ﬁ e Qitﬁ’% géﬁ“ (%"é’“bmsp%ﬂ“?ﬂ SYSLP LYY Yﬁe&“@ﬂ In that
defleBts P L8418 AROt @ﬁﬁéally%@%ﬂéiﬁ d 6eY @k g@ﬁb?até&) éﬂgltal data stream,
subsequent to operation 404A may receive the

bulgigtherigrantéatiyesatetbutstinfyyeprten ricaazal threech ethardnaag ar digital
dat? <GoL Iﬁjﬁ hnl‘glagsg;retnllqe%t %\ésgergs aﬂg‘ot &nd ¥($] Eoel{'nctd' c? L%% a‘rt 18 (&%a g%.?ectlon rates

or [o%i OfHtiaNe@lcyie DI QRIPE dare 14 @8q11m';401¢ s@ati ®r spadial ﬁxa[rﬁbxe,

a conversion control plan according to the spati al
limgiaHemsy JHeyaET.dbg gencp A1oghansie dniatageuy tygh weéwﬁhﬁ@ecﬂon
Sy§Q§ g@tlally synchroni zed data to detect, for exanple,

anomal i es, defects, or attributes of web 406 in order
[0(11@5}3I aveh meaairgaciitispstsmefprodilet 4debiito dae mvextirediml spatially

%ﬁn.?%a r Odrﬁwwrm %uﬁiéf? m&%?%%g’g{lt%}%’%g%ﬁ?{bﬁg uif\ #afimques for

spaQﬁﬁy Q\yndﬂp&ﬁmﬁga&thwfyaa ¢ pbli&d BUnS Sy F rReaRch lof Hb@Fmined
pr oduct e a different custoner nmay accept a w der

attmbm%fooﬁ wedr gahérotusing timetyat of dgavbeinivgakeyssi Fxamples of
C ter 408 det er.m ne .ch po ons o
ot TP i mina Soghitr TR P [ PSR gm Seatff product
thiddss @ﬁﬁi@r&@glﬁ@@t thtRELUBOPresARS ré‘ﬂecﬂwﬂy 4QfshRYioRe
delivered to the first customer, while portions of web

trapglctiomthrae dimgnsignal horghtydegraled sarfegs souciysr MeASUEMaRisy spectral
tra}?&mgﬁ%ﬁ S ggct 0?1 kgﬁ%;? A ggm\fﬁgé ﬁggre’ 1tra[v90qgt%HV)AHﬁé£ty Sdlrﬁfeadlngs,

erm anomal 1'es “exi

infRa¢d (IRYiddgep of fda@ﬂilgs @ptivetr 4@6ctudhyni@rmig epratduensart@éns such
may i ntroduce anomalies, which m not .cause

as pIEpwEE drop; Fpacifenc. hees. atnsssy §P%d%§w»&utce¥0r4te@fwnce and
A e b A e S S U
inchaletradiati@ar gauges, optical gauges, Beta gauges, X-Ray devices, UV or IR cameras
or sensors, capacitance gauges, physical sensors, machine vision systems, temperature
sensors, pressure sensors, and spectral cameras and sensors. One skilled in the art will
appreciate that the techniques described herein may readily be applied to other
measurements or measurement devices.

[00196] A measurement system may acquire information directly from a web, a web

segment, a web-based product, or from the neighboring environment. In any case, a

measurement system may associate the measurement data with a physical location on the

55



products. Certain anonmalies may cause a defect in one
product while not necessarily causing a defect in a
walgoperemi product. Anal ysis conputer 408 may RGEUSI&E070069
information to determ ne which portions of web 406
shoul d be used for creating which products. [00192]
Al t hough described primarily with respect to
wehéha highi dsaregiod seYE pesurac¥gFer et adtctaadiegIngay provide
f v
thl%lﬂwa?sr %g{/ f é%m&uct 1t§%l§|§t ﬂe%%l?rglg%e?&aggqhgﬁé 2 atfoﬁglggﬁéhromzed for
ana g mbﬂrmlﬁtlpkespr@‘mdses evsroipbyged tds the use ofimaguedy damyattodbute data,
a I|ed defect information. i S,. a system neged
©-8n E Ay SR T lf%ﬁ HaRETive SRR Pﬁ@e web,
ratﬁé}QH@H Merht ngrﬂéfécﬁ% @b&iénﬂ%ﬂz %@Fe'cﬁ e Q@foﬁg B?th%%b
appl yi ng an al gorithm act ual defects.
[0(1119?;‘1 e’ameamgn@ysystemmw genes amhfam:damplat olahﬂnyiata regarding the
gefect at a dlrectly éOOlg
we |1 5}« sBAMBEd W AP RS Peet g™
an 80&H ﬁ?éay el @r tvitieheflcb RISl eiip meé‘sﬁﬂm@ Qé%p&&hﬁ%ﬂ tAdweb
means may be used with theé techni ques as scri bed
itsierdpwevarghe e)@amtreent@mtamrm@y et&eocg@tt: Idetlaec@nm Hiligmperature sensor
w1é F?hg%(l%al 10 c(::“a"'tlonkgg‘t"J & e %Il’l%{gnaq as a é?orgitu%t 18 a?{u%d fr?rn. the web.
S, capaci terteronetri ¢
ThatenbES mdyaie& spaaslw@ﬁalroﬁlh&tﬁm hétm&h@wab n{a8dd)al and plaseal
profilers, ultrasound, or digital imaging,. The data
me@%}tr?m?@diawewattf@n be aﬁSOéwgﬁ%eéNeanPé@%S%ﬁo ¢ highygegree of spatial
sccubleS ARk 0Bl R e ifp 0 tha Db pABOMERy ulchh By such as
amﬁﬂbngCOﬂdUCthlty of the meb or pressure of the
[[00194 1 is a block diagramillustrati
lﬂﬂﬁﬁghﬂ\? Sisbotnreht T eAdoT S PogTsss 138 of e
exdIfpl §1‘y'h1§rﬁle?so Flbﬁeec‘}?é ef ﬁea?sﬁ?etn?éﬁ't g}%%n‘f flvoR&t hRhgle point sensor
nmeasurenent data"from a web. Al'though di scusse
acquitiimgddtd yt antationagspect inttlee @pwweblor @yn@hrsomd)atlreohomfFIG 21

I R N e e
452 RfRd Hpéra@c;h 49400 thaXmoRIEs sthtifafyeenfdraIs6s W&&mpbﬁidludes
herein ma e readily adapted to any form of gathering
fida¢ialggars 4 i%h Opsrappn dedA mpyasuioardmccsansmon veb 4ihdh and may
ﬂ&n&taﬁa%ﬁ&{ ésr}ge NI%?HQ'GH{ &HE I’H, B%@A%f g?gcog# %g?&%&i Pomeach unit
I nspectron's reV|du escrlbe

of @dta. a0pemtibe 354&4; maly@ﬂsotryai ﬁ@ddlai SRRy egm &l fecer atsmlated
generated digital data strean1 but r.at her

poaty%mq freaeh Qfdfidiictal malset 70AY: oYmaani bR of oparation #3H mey ol
megélfr&ﬁént% |f89a urﬂitg %ngg%@ é%t &SR d&&ﬁﬁg éﬁ)@ﬁf&hs but limited

systens al so ata at 1ower
resolltibe @t the rmmsawds doectioowsrs dep@tddah theosxempipeofdflGt R, seedor 456
rnagjluo tatn? da%g ourI rgglgltoh 9128 OP %%gj 4g£A.S %te}a?llon E@Z?X lrrlljatyI a?sno include a

computer and/or database to store local attribute information and to interface with

c&uﬁa ??rgperéture data from

conversion computer 480.

[00199] A second method of obtaining measurement data involves the use of an array of
sensors or measurement devices positioned at multiple locations crossweb. Measurement
system 450B of FIG. 21 includes web 452B and operation 454B, which includes two

stationary measurement devices 460A—460B (“measurement devices 460”). Other
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[imtations. However, the general nmechanismis
anal ogous to that used with inspection system dat a.
WO 002956#40N t h neasur enent systens, product attPCHUSW08/070069
data is acquired and spatially synchronized to the
physi cal web using nmethods previously described. The
techni ques for spatially synchroni zing data nmay be )
emﬁ@tfyme@tg; gy @ﬁqwnyﬂ;@b@f of raepsurcanbac Ve e Webed B includes fiducial
tf1nkut r 7 f
OB e B A5 LI it 188 51 Bn el ofhor o
suchc undagalcficotndasa, imion fvob 46283S Measmromestykt 2os460mmhydbtain data

product thickness, rface ro ness, t rature, :
forgppssiiyeeceion f‘é?&*ﬁ\??ﬁxﬂf TegIORt éﬁ?géﬁ 3itb 4STHndfereRYarperation
45400 AUIRRTAHR poliRb MR ARbLAID AR I FAGGSAIKEL M This

nmeasurenents, spectral transm ssion or reflection,

me¥oRayay prgels fararbgadiyniggh crosswebvanol detwn@gV)sp it gess lugion of

readi ngs, . infrared (IR) i es or readings,.,aptical or
e BT Al A Sy TR GO ba A2 sdBi RSt feiude o
cop@SSildeordia@ibascCio Rasit IRBCAribhaziaformhASMERBto interface with
conductivity, color, birefringence, and polarization.

cormeEnYt exnpifterdsur enent devi ces to neasure such
I put es include radiation uges, | cal
1000 oo s i3 R PR E4 P PR RR o EBEh St sensor

tha®fs PO bEmMoCRR AL tHeaNEBwgB dFe&ionp M &ist@imcaesis@ins450C of FIG.
machi ne vi sion systens, tenperature sensors, pressure

21 gnshudsp 7eb 434C epd eperation Ay ahighimchidpsngor 46e Weh 41244

o ane. . .

inchc By it 7B LRELALE el BRI o0 weo 452C and
mayeatisr dare nicaswoemomtatitar feore ricbde2Cc Sensdr@64 96 ppakation 454C may

. surenment system may acquire infor ion directl

mc?%m téaV\ﬁEH}S fag?j()@l%{sg‘eﬁﬁe?&t?at%f %b ﬂ’&é%‘gag’ieﬁ rs%ﬁ%f“?‘f B’r%aVerse

opér'éﬁ’éﬁ 10 RahbRYE diRRMbE. ORPRor 4b51@DYe 48860 h a track of
measur enent system may associ ate the neasurenent data

opetatidn 4546hysiidale absodtly.anfixed atthehwednt ta snolingtrabliegoreamyafther

spatial .accuracy,, For exanpl e, .a.Beta gauge,.nmay
megoior eetfie ket 26-h8 mFoF e Sdi oo Gafiectipn. Sensor 464
mafy @BHiRmeh i @hMAldstatin@le @bEweB AireeidnywBYES PSTE BRvED the
anal ysis across nultiple processes. As opposed to the

dowsweb flireghiomathjchimselts innrzig2eg pattefa o date agquisiiprkgerpgion 466 of
SCI | [ i charast er .St i
w5, FEISE L RIS ) S B BRL o 6
of flgfi@dltrhatks 9T0(ho0pshiicd 43 Blghealsb vieclidg enspuddr dnbdr dedabase to
[00197] A neasurenent system may al so, as anot her
stogsafp| ribBistBRM#iRTANIR A eE3g WiHRCARBISIAROPBRIr 80 For
0029 R™aEh oo JERARIAS AFE May HeIhapdRY ﬁﬁx%iéﬁ@t SRR ALiH h
[ @at a ar oron 3 OVE% nearayf&l’ée V\g]lg, Wlat out ngces all {ly{y?suc s
comdiereat tompreasislias ghdvempelrldt. 2l e Cohvérkionweimputer 480 may retrieve
data from each of operations 454 and spatially synchronize the data in order to produce a
composite map. The composite map may be used to create a conversion control plan for
creating products for various customers from a web. For example, a first customer may
require very strict quality control while a second customer may not need products
conforming to standards that are so strict. Conversion computer 480 may analyze the data

from operations 454 to determine which portions of the final web conform to the strict

57



itself. However, the neasurenent system nay associ ate
data fromthis tenperature sensor with physica
WO owani«ms of the web material as a product i SPCT/US2008/070069
manufactured fromthe web. That is, there nay be a
spatial synchroni zati on between the web material and
ysi cal neasurenent data that can be associ at ed

sta@@qr%@(h designatesreduatpiramithess nestins dorgthe &g cpgpmer, while products
e o T P oy S Wi B B R B PR
[0(]:2!0@]1 33G6. Maﬁsal,grepf&ml re‘iﬁbs&ntaﬁog eﬁééfta khtyiciad ditvint egbritomswah of

rocesses in one of .thre nmanners.
FIGH 2 o dpash e AR mﬁ%ﬁwg ﬂsgqp@rfﬁ%ﬁeﬁtmoﬁﬁ%%lror other
dat% %Q li6itiB9 nfdeHoAs, aetac@déﬁ ?Bin@ E‘@Hc)és)tﬂgl'l}p fnclurale§ b Ehﬁ‘i@ﬁ R rossweb

ransverse web direction trates an
posstmmpl ¥oodowmeth posmeas ambamebsusyst mla%@me Fyet EmlUiSORcs

i ncl udes wep . 452A and o ation. 454A that. cl udes
exigfge ey SL s Famera S BAAR o pESiprfifcteRe produc
thr B AOH¥ fidaRe atakiaN FHadA, FY RN RhiPuR 86 S FIE. M spatially
452A and may gat her data, such as measurenent
sy@atoanzes tlonmegsbraBpAvalne ﬁr@re@r@easep 4841 C@lmvefrmn eeroputer 480 may
spal’fla lx sy go iZ¢ t&%g Corca)?dln goi’,ﬁ'o )(y% aI S?l%errgl%[go% 18 uss?& Wllth
ra@edw@Fﬂ$jmmrks 470A. Sensor 456 of operati on 454A may

bt ai n measurenent data for a plurality of dgwnweb,
[0(120%1 GRavisien campaker HEH maygdsorgeperate %mpowwtfr@dﬂte map 482 as a

t
cob LA D91 HE L 45, SEHS5L g
cadhagipooreddss 464 rrmb)elflfBﬁﬂ\pchamhﬁg, bbﬁnﬁﬁéaéhurmgenatist@, and/or obtain

. i nclude nput er and/ or dat abase store cal )
msa?%twptsiatazfrqrﬂﬁ&m&fqno\ﬁe $EMEBE ©18% ﬂ}% SCHMERE %ﬁl@%bg figpcial

mabiR9k e, 41&@96 [ 933%h F'fGS% OﬂQS RbRagh it I&@/tfﬁ’strlirﬂgrgo

nmeasurenent data involves the use of an arfay o
pr®e$$mgaet operatiead @ rkent prdeacidde spgoatart 4 otb aiheantommmon PEeA.
of .FIG

Opg R SRC eI AR Bl A FET P paie o R e o

Opkiiof UL B M don SRASIAE LN %or@@gbﬁcﬁﬁg &ﬁ@gmﬂﬁ @8, using sensors 460.
"measur enent devi ces 460" her enbodi ment s may use

Opgrajion dafha mayf gererat fadhi it C@éﬁfﬁipéé@ng VRetsgn 2B 8) wengsasor 456.

[0({)2'})?]; Cdo%lvetré% méé%iéﬁ@%&?o'ﬁ%@dagg ?%%r a B%4 fﬁﬁ%nQWS frorn cach of

essi ng ata suth

opmmmzranﬁ sﬁaataay shichioniedthd 3218.usMgFRiucREatksdgoDC ERidumal
460 may obtain data for respective regions 462A-462B
magles /900may giger pe seeistesd aspdingn globally uniges pasition 1pkoamation, as

dis : ed \%ﬁﬁ %@?&tg{@ %%ESER%E :nga',y% ﬂo@ﬁﬁh%}ds%'a th Qrcogfaﬁﬂteogystem of

ucl a
one of operations 454, as discussed with respect to FIG. 8A. Analysis computer may also

adjust positional information regarding the collected data based on the direction of the web
to generate composite attribute map 482. Conversion computer 480 may generate
composite map 482 so as to include each of data 474, 476, and 478 from processes 454, as
shown in FIG. 22. Conversion computer 480 may use composite attribute map 482 to
grade or sort the web material quality at any physical location of the web. Composite
attribute map 482 can also be used to selectively sort material with specifically desired

attributes that are most desired by particular customers.
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met hod may provide for arbitrarily high crossweb and
downweb spatial resolution of neasurenent data at the
wexpens®4of nultiple sensors. Operation 454B nRgI/HE208/070069
i nclude a conputer and/or database to store |oca
attribute information and to interface with conversion
conputer 480, [00200] A third nethod of obtaining
lﬂmgﬁ orasioem emBedigrenisd (thegveriion haue beengdeseriigde T@éﬁ:sa@fi other

em%)/E@ﬁne'n‘gs SeRahl&ne gcoﬁ%é ﬂolﬂ?\gh% f%g}%S\AEb di rection.

asurement system I'ncl udes web 452C
and operation 454C, WhICh i ncl udes sensor 464. Wb
452C i ncludes fiducial nmarks 470C. Operation 454C may
perform processi ng on web 452C and may gat her data
measurenent data from web 452C. Sensor 464 of
operation 454C may i nclude a traversing nechani sm
e.g. actuator 465, that enables sensor 464 to traverse
operation 454C in the crossweb direction. Actuator 465
may be a notor on a track of operation 454C, a sliding
assenbly, a fixed attachnent to a noving cable, or any
ot her nmeans for enabling sensor 464 to traverse the
web in the crossweb direction. Sensor 464 may obtain
measurenent data in the crossweb direction while web
452C noves in the downweb direction which results in a
zigzag pattern of data acquisition, i.e. region 466 of
web 452C. Li kew se, operation 454C may read and record
position information for each of fiducial marks 470C
QOperation 454B may al so i nclude a conputer and/ or
dat abase to store local attribute information and to
interface with conversion conputer 480. [00201] Each
of operations 454 may be coupled to a renpte data
storage facility, such as conversion conputer 480 as
shown in FIG 2 1. Conversion conputer 480 nay
retrieve data fromeach of operations 454 and
spatially synchronize the data in order to produce a
conposite map. The conposite map may be used to create
a conversion control plan for creating products for
various customers froma web. For exanple, a first
custoner may require very strict quality control while
a second custoner may not need products conformng to
standards that are so strict. Conversion conputer 480
may anal yze the data from operations 454 to determ ne
whi ch portions of the final web conformto the
strictstandard and desi gnate products fromthose
portions for the first customer, while products from
ot her portions of the web may be designated for the
second custoner. [00202] FIG 22 is a graphica
representati on of data gathered from operati ons 454 of
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FIG 2 1. For nost data acquisition nmethods, such as

those portrayed in FIG 2 1 or other data acquisition
woreiobot®40 each data poi nt conceptual |y i ncl udeRCEUS2008/070069

physical X or crossweb position, a Y or downweb

position, and a neasurenent data value. FIG 22

illustrates exanples of each of the neasurenent val ues

spalilediMSsynchroni zed to the web product through the

use of fiducial marks. That is, conversion conputer

480 of FIG 2 1 spatially synchronizes the neasurenent
l.valmameﬂmdnmm@nmﬁgses 454. Conversion conputer 480 may

spatl hr.oni ze t he data according .to,. for .

exaRf %m*/l%é Pl af epaeirsen ek Pé%b%&%y Pfgngnuégctyrng
prdc@QAQR3). Conversion conputer 480 may al so generate

conposite attribute map 482 as a combination of the

rreasuatgngmsequpnulai:ppem af thawela tof promdp dopes sdemibdn aFech of

each ofHFrocesses 454 may perform processi ng,

th%ﬂﬁéﬂ%f?ﬁﬂ%ﬁ&?@ﬁé %ata, and/or obtain inspection data
f r OBt RGAPME dWeR HESHRAbN t @dudeh@caﬂ@ﬁorﬁ@l AEfdkmation for cach
def?%ed by fld%%?al mar ks (ﬁ% to "14596" gshovvn in

of the @anpfacturifigprogess h@fgsnwh@reﬁntpe ﬂqqalsﬂnomébemé@HW@n é@rsqanlg of the

R bl o ki R e PUS R 5 REL ks A Bty

cmﬁ&ﬁngambﬁ@ﬁagndlng to region 466, using sensor 464.
Operati on 454B may 8enerate data 476, correspondln

r egimcrighe pesifion dum ebihs lagbancply ifprmationfor Wﬁy?urahty of
m SRS RR 188 1 PRULSSRRAS RSP EE, L5100,
dat andlezigg at ldast a pditdon of Tit ag@?@htef anomagainforofation to determine

erations 54 and s at| [ 1 hr oni ze, t he data
whifdy éﬁ? RRRAR1 TSPERS! 4 HODC S ST %aweﬁasz 470D nay
e'thﬁ@ugﬁl%Q%h§&§&ﬁ@oﬂﬁ9%ﬁﬁing to globally unique
position information, as discussed with respect to
FIG 8B, or may be position- adjusted to a coordlnate
system of f _operations. 454 LScus th .
2. 7Y nBE g AR afimd? Shiai) BRist i F no iy Pl Bty ragetaring
theﬁﬁﬁitfoh@lﬁ@' ofthd REMBhbAALY 18 &RMei NI dac ap{hle @edrRehcElnd process
based on the direction of the web to generate

lingopfeospaoadiapte rsymm@swa@twgzlth thssliersnigme o thumarufagering
pnﬁg%&ggﬁﬁ@g%gwi%ggggkégﬂgg B, iB%m3Qufs 10 include each

fron1processes 454, as shown
in FIG 22. Conversion conputer 480 may use conposite
attribute map 482 to grade or sort the web naterial

- quailhe WeﬁtOdzﬂf)?l%‘Hyls W@ﬁ?eﬂ} BetaTHg the pesHion @ inchidppgisiating
theﬁ%tsftfoﬁ 64&2@11 Q #Fﬁ# \gﬁatféﬁqgr {Rn%E h{%%éﬁﬁ%c)fuﬁ% ﬂrocess

erla speC| esi red
lines into a common coordlnate systern

4. The method of claim 1, wherein registering the position data comprises creating a
correspondence within a specified tolerance between the position data gathered from a
plurality of the manufacturing lines regarding a segment of the web on which each of the

manufacturing lines have performed processing.
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attributes that are nost desired by particul ar
cust oners. [ 00205] Vari ous enbodi nents of the invention
whaope/obwen descri bed. These and ot her enbodi NneEPEBHUSR088/070069
within the scope of the following clains. CLAIMS: 1. A
met hod conprising: performng a plurality of
operations on a web at a plurality of manufacturing
5. pr od &8 grethodend clgimglg wihgrean %‘i‘étﬁﬁéﬁllgﬂéq‘? PQHEQN i GFMRPIEES pspciating
I
dafe el 1 1 AR b LR T POl B some physical
locatiboronethe orb tvathin adaeptableadlcaanosral y i nf ormati on for
each of the manufacturing process |ines, wherein the
| ocal anomaly information for each of the
6. Manyhaglddg cpi@cess |ines includes position data for
a set of regions on the web containing anonal i es;
r egivdicesn pu@ctdsmgnbfsdﬂglt@lnnmtlmf carmrisesic al anorral y

i nformati.on.for t.he Iuralit nufac urin cess

| Thes o3PS e P S hefisHoe P B fatn e RS of the
anahﬁéhﬁgmﬁh bﬁﬁ%&lﬁm@%&h@%ﬂn ?ﬁ&m&mﬁﬂﬁhﬁgﬁhﬁb@m&ﬁﬁhdnmh@e
i nformati on ?o determ ne which of the anonalies

r eppesiboen date fardhe eneinesdics detacted &ovetbe digig! mmfnrp@tlpn Agpogiated
¢ onv?tﬁlsthé) Rrst %uf?ictupll g roc%ss tTh Seal t‘ﬁh gﬁjorgal % 1l[h1n a first
wher'ein registeri t 8 P i on dat & IUdes

trae@hﬁhMﬂgwiﬁﬁlmm5|tlon data of the Iocal anomal y
informati on for one of the manufacturing process |ines

into a cdrHITNcEOSPHIRARCHE SWET AR IWSOR hhwchipty @C@M one of
one 40f Mol

b B DRI LU KRR, BLRERR B USRS nforpuion o
1, whérdeipositiegidstagot thg ahdraalpssictacted fobat ehei digital desrmation

transla1| th 03|t|o data for t | ocal anomaly . .

| nf ORI T SR R Hlélnﬁmﬁeﬁeawﬁp?%@ thsiage@aes within a
I|n@&oh@g&nﬁnﬁgﬂg@@npg&{dlnate system 4. The met hod

of claim1l, wheréin reglsterlng the position data

co npﬂlc@asregrswmnge postigny despnbidnceansiating theapespeni dateldr the

SecﬁP{ﬁfr %F ”@?Y \/T\ﬁﬂgrr'll}?é (E)el%la%l lﬁﬁ ﬂ}delaaﬁ}gglgﬁt nes e-(%l?%sreg&]l(e coordinate
syst@s memcatwnstvhﬁumfé RS dUdeiﬁht@@gﬁ‘slfanf the manuf acturing

i nes have performed processing.5. The nethod of claim
1, wherein registering the position data conprises

7. ﬁ;ﬁ 3’?% ﬁfeltl{b% oq% AmYC 1%51? ﬂ%?%{—rrhp%e% ‘Equ&ﬁﬁ gpépaeﬁ%ions on a web at a

urrn |neS or s
plupdlits o€ ﬁianufacturlng process lines comprises:

performing a first set of operations on the web at a first manufacturing process

line;

reloading the web on the first manufacturing process line; and

performing a second set of operations on the web at the first manufacturing process
line.
8. The method of claim 1, wherein the plurality of manufacturing process lines

comprises a single manufacturing process line that has been reloaded with the same web

two or more times.
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| ocations on the web within an acceptabl e tol erance.

6. The nethod of claim 1, wherein processing the
wWaQl2@poad940 nf ormat i on conprises: (i) when perf oPCA/H§R0081€70069

or nore operations on the web at a first one of the

manuf acturi ng process |lines, generating first |ocal

anonmaly information to include position data for the

9. anorlir methodeaf skaiad . frdher epraPdsipg tadier farpR)etien 9ignfirst one of the
m RO b B e SR L AR v
thedfingt hanyfacneny pecdsslint nga esrend manofaetuapg phnt corgainimgtalsecond

wep at a second one of the manufacturing process

ong pﬁ@gm@gﬁgﬂg@g@@o@&%. | ocal anomaly information to
i nclude position data for the anomalies detected from
the digital information associated with the first

10 manthaotetirodnyg cprimcdle sdhetem tho pasiéon Metaaegstedtioass pérfdrined after

d i nat t d wh i gi,stering th
coRBEET o bt e P B B R g o e g the
web@hd b6 ®8ROPShveRERH of3ROWRD Yo ihRfpesdiisl on t o reposition

the anomalies fromthe second coordi nate systemto

| ocations within the first coordi nate system 7. The

ll.mz"t q‘% m%ftho%l o&PcTQir:ILl’l \ﬁ,? [FLO) ﬁrei‘srif ororpnrrlllgm%a Illutﬁlgllolcta}/aﬁ)ofmaly
operations on a web at a p raP%%y o) mamﬁ‘acturlng
infom@a @8 Srdn tRSMARITHhERSirofss fingdtongcatrilisesir fiktre@ftration of the
operations on the web at a first manufacturing process
posifipiedati.e| oadi ng the web on the first manufacturing
process line; and perform ng a second set of
operations on the web at the first manufacturing
12 pr odés snctticdenf cBimTh éurthet badpading:l ai m 1, wherein the

plurality. of. nuf acturin rocess |.ines copprises a._.
i nEPBTHIFEHEE NN I%@l Boubs BRTEoR M Hadaskyerver Within a

firdt BlQARRAr Mk Bfa SGHVRr I8! §/stefPERerhnb B IhOfirst Bnufacturing
met hod of claim11, further conprising, after

plaohnpl etion of a first one of the manufacturing process

lines, shipping the web fromag first manufacturin
ol aroRUHTH F Srimatioed bRty bR P G ALy pepver
withth 2s&6EORLANNREBHAE bLant At RIndBilsioRQBhASINyBENPexS@EANE the first
manufacturing plant;
registering the first and second local anomaly information with the conversion
control system;
generating, with the conversion control system, a conversion plan for the web
based on the actual defects determined from the aggregate anomaly information; and
communicating the conversion control plan from the conversion control system to
one or more conversion plants for converting the web in accordance with the generated

conversion plan.

13. The method of claim 1, further comprising forming, from the aggregate anomaly
information, a composite defect map having defects corresponding to at least a portion of
the anomalies from a first one of the manufacturing process lines and at least a portion of

the anomalies from a second one of the first manufacturing process lines.
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one of the manufacturing process lines. 10. The net hod

of claiml1l, wherein the position data registration is
weeobot4ved after conpletion of all of the manuPEYUSRNSIET0069

process |lines have applied the operations to the web

and prior to the conversion of the web to the

products. 11. The nethod of claim1l1, further

conpri sing comuni cating the | ocal anonmaly information

fro fact ur i l: i .
14 e AR Rt Rl e Rt A P B S PR T ess fings annly
diffee¢rh @domdinacd sisterik, wHenrithging clonpeb.si ng: conmuni cat i ng

first local anomaly information froman anal ysis

server wwthin a first manufacturing plant to a

15C0NYHE ﬁi.e%dmialriﬁl 1, et Gha R lofhintiBRtfin Skocess lines apply

manuf acturing plant; communicating the second’| ocal
theamaoerbyrdimftosysten wherf moapinthanvabysi s server within a

second manufacturing plant to a conversion control

systemexternal to the first manufacturing plant;

161 €giThb efctitd dfReuidhi I ShrtiRRdompEARs | ocal anonal y
information with the conversion control system

geneprlyingg, schwf fiducké mademtetlsd web:cont rol system a

conversi.on plan for e web.based op t ctual ,
Gor LEPRURLe Bl B bR o AT A InaR MR B8t the web

i nf aftefdppDiing o didacianmaike addtéging Pesidomverthé Adudahars at one of
plan fromthe conversion control systemto one or nore
theaBHddiae HPesss §n¢vrndonverting the web in accordance
Wt X i . ..
ol afgioinf GE84 B (ROTMERS] ARicRn2Re i fianl PR 8E pBlicon
datadgrthg&ical anamby informfadivnmptidongd @ thosgbesqucat wedidadtutimg
havi ng defects corresponding to at | east a portion of
pmccﬁﬁe%tﬁ%%l ies froma first one of the manufacturing
process lines and at |east a portion of the anomalies
froma second one of the first manufacturing process
17] i nd$¢ ikthotihg ciremhlédwbérenl @ignicting wineloedImnomelyghformbiieny

of .manuf gct urjn .ocess .| i pes appl I, ferent . .
co BT g T 68 BF SRS R G 19rll A T Al 96T Bigpaety information
bad¥Blonake RtokdpMidon WEHEING fidieiaPhenal i ty of _

manuf acturing process lines apply the sane coordi nate

system when i magi ng t he web.
18. The method of claim 17, further comprising:

measuring locations of the fiducial marks at a first one of the manufacturing
process lines;

measuring locations of the fiducial marks at a second one of the manufacturing
process lines;

calculating one or more offsets based on differences between the measured
locations for the fiducial marks at the first one of the manufacturing process lines and the
measured locations for the second one of the manufacturing process lines; and

applying the offsets to the position data to register the local anomaly information.
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16. The nethod of claim 1, further conprising:

applying a set of fiducial marks to the web; recording
wa2poeiwion for each of the fiducial marks whePCEHpP{100&a70069

to the web; after applying the fiducial marks,

detecting positions of the fiducial marks at one of

t he manuf acturing process |ines; and determ ning,
19pasdle %th%fﬁ&l@cltgeﬁ’h%m ¢l g ingrong |96 mor o cAy capipriess, for
eaéh%% R@ﬁ%ﬁﬁfga ﬂfi‘é grocgsrs lfn@? claﬁﬁﬁh gQIQ Hﬁlséf fénnécagﬁ e%] of the web

uce t UbSaquent - manut cturing processes

bdMMBESNOaﬁauﬁhﬁdeMhmdkmf cl aim 16, wherein registering

the local anomaly information conprises translating

the position data for the anomalies of the | oca
203N0THb Yool TERAMAD, RRSEh Qe il OF AR PR dfbrises

data of the fiducial marks. % hod of clai'm
aplyingfalmchietranstmpiatien fogthe [IBEBQII datg fdraa@alt phths andmalkes, wherein the

ing S E Rd e fiaBack i 1808 ebHalF PRGN LR @ dstance

bethREK &t [Bhst aws 8EMRAIdABA1 Mhrks RATHIR tHef AT dhel 0T th Ph QG FBSHuring
l'ines; calculating one or nore offsets based on

pragisst are@e e disncadeiveen ghoras deast o dfdeafidenial masks determined

L duci rkscat r st f the manufacturing
Wltfhm tglgssgc :E{%Iele %fﬁ‘lg nﬁaﬁmfac a8 p(%%lcq %cat ions for the

second one of the manufacturing process lines; and
ppH%jng t he offsets to the p05|t|on data toQ register
214 he The arthogdrrfietain 1i8nvBeteHt GabfAmE OPROT MO hOHSET CONRish

ap]%gmgvéﬂl%ﬁﬁh%r Qﬁhﬁw‘rﬁ)&t#oﬂq %%Og{tlowaﬁl I%F F:e?cﬁto% tt?eoel}‘l%{aﬁ@? 'wherein

r “eac e manu urlng process
theaﬂinhuéatnangoamatmﬁlfls edlcdleted @siap psedomht geadbratddemavématical models
gﬁ Wﬁfn two adjacent fiducial marks. 20. The nethod of
Pf9CCSher ei n cal cul ati ng one or nore offsets
conprises applying a linear transformation to the
position data for each of the anonalies, wherein the
22] i ndhe ntettardsifotamt licowhereal appbsn@a sc¢talfifidgeifbmauides comprises

sy e St Fin g S MR of i dok i Pivasibetn el FGEe PRty Eetiring
praRB§s 1 wiktn KK tBE Fdhéi NN kS GRESa fppﬁe@l (2) a distance
bet ween the at | east two of the duci al narks

determ ned within the second one of the manufacturing
23 PT O§§2 Ricthod of claim 22, wherein registering the position data comprises:

reading the fiducial marks to identify the manufacturing process line within which
the fiducial marks were applied;

determining a coordinate system for the manufacturing process line within which
the fiducial marks were applied;

determining a formula to translate from the coordinate system for the a formula to
translate the position data to a target coordinate system; and

applying the formula to the position data.

24. The method of claim 16, wherein each of the fiducial marks include a plurality of
bar codes, each of the plurality of bar codes conforming to the interleaved 2 of 5

symbology.
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21. The nethod of claim 18, wherein cal cul ating one or
nore of fsets conprises applying a nonlinear

W@ e@pef4uimat i on to the position data for each RPET/USRZS08/070069
anonmal i es, wherein the nonlinear transformation is
cal cul ated using previously generated nmat hemati ca
nodel s of the web process. 22. The nethod of claim 16,
wherei n applying a set of fiducial marks conprises

255 pe.‘i‘gé ¥ etihd o\lt*c;ahﬁﬂ 600 fen (?%ro% n?cfre tO?ﬁlefﬁ(Hll(!ﬁlll armﬁhﬁdes a first
an identiftier tor the nanutacturing process |1ne

ficld fohumquély ¢dentifiend ontuet saplurmhityke! meracard Eants,28d aBoeond ficld

met hod of claim in isteri.ng the position
Or&et%legyeﬁﬁtti B SR g o ARG HBP IS DEYRNPGIftgd with
thelfin¢manuf acturing process line w thin which the

fiducial marks were applied; determ ning a coordinate

systen1for the nanufacturlng process line within mhlch

261 o° ahi il R o st P Sniitie G EERD P e hEhh brocess

lind@rmula to translate t he p03|t|on data to a target
coordi nate systeny and ag plying the fornula to the

ptﬁéartmmng vheder cah of the i#d enagls is plagent frem thiheelsiand
r1 t1 ré}gi%cen%e%tv Eldum?l%%r?% tﬂeC gtaerwaegrgtl 1%'6 al(t)t%] nt 1du%1aﬁ mark.

to the |nterIeaved 2 of 5 synbology 25. The nethod of
wherein one or nore of the fiducial marks
27. nc |T t}e ésetfé)dqur%atlmf]16efl’dthteb?0fﬁl?ﬁ%%PI§m}%e9ﬁt%dfiW°ﬁ@1 fém@laémark
f e

betfheBh i@l AR ARk Hp AP BL A G R ARl iducia
nmmanmépﬁkuﬁmngh@memess | ines associated with the plant.

26. The nmethod of claim 16, further conprising, for

each of the manufacturing process |ines: determning

2sWhetrhe B refaithe fiducial narks is absent fromthe
web; and printing a replacenment fiducial mark on the

on wherowebsipet alrile alyseics fictdetablalfromaark inspttio Npstem for a first
alm 16, furthe ntin

ond B R sl erciess ek M hidGRTROp Mt pagtict ystem

assbtidté@ivdth mrﬁsequéﬁp&lectﬁtt@er ﬁhﬁﬁf@@uﬁﬁgaf)ro%‘s@ 1#né8 and
sequential fiducial marks are Present on the web.
wherein registering the position data includes producing aggregate anomaly

information to include data specifying the hidden anomalies.

29. The method of claim 28, wherein registering the position data comprises
generating, from the aggregate anomaly information, a composite map that specifies the

anomalies detected at each of the plurality of manufacturing process lines.

30. The method of claim 1,

wherein a subset of the anomalies detectable from an inspection system for a first
one of the manufacturing process lines is corrected by a subsequent manufacturing process
as determined by at least one inspection system associated with the subsequent

manufacturing operation, and
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28. The nethod of claim1l, wherein a subset of the
anomal i es detectable froman inspection systemfor a
wo 20090149k of t he manufacturing process |ines PEI/HE2AKOT0069
fromat |east one inspection system associated with a
subsequent one of the manufacturing process |lines, and
wherein registering the position data includes
pr odlieTchyreaii bgdbeperiniadaa inglidenirofeeing aggrpgatggromaly
infGEAORRE G Hibelifh [P R RONT kirife AP mahcdfEhg Brbcoss
op@ati@t.i Ses generating, fromthe aggregate anomaly
i nformati on, a conposite map that specifies the
anonmal i es detected at each of the plurality of
31 Menghaclddng cRfiACe el BSSpridRly The method of claim
1, wherein a subset of the gno#%l|es detectabl e from
an amdpaug itdnass y poemonfaditheadgregete amoemabf infdrenation to determine

W B s B e iy et R R 5 ° G s Ry gpdiggerent

prdd@a@st one inspection system associated with the
subsequent manufacturing operation, andwherein
r egieteBningmg a yréupolsit {dasirorgatredichedledies peravthierifageach of the
pﬂ%@géegate anomaly information to adjust inspection
system sensitivity for the first manufacturing process

opeké@tdting.at Bhst ohd@f Rt froduddf basbdbmthk, detdtmitdrvaluce for cach of the
conprising analyzing at | east a portion of the
prodygiectidt e anonmly i nformation to deternine which of

t he [ ' -
PRI SR IAIRRELN, Aol 5oL bt LhbERy e e
anajzedtpolthasdf agpegpteadomblysefoembii@n par aneter for each

of the products; selecting at |east one of the

products based on the determ ned val ue for each of the

32Pr oqyehRthANF cﬁﬁlﬁli NGrihe cS8bRGHE borRicRGhe HWRb 6 Ithe ong or more

conversion control plan corresponding to the anal yzed
pragloctargmodfctsaggr egat e anonaly i nformation. 32. The

met hod of claim 1, further conprising converting the

web into the one or nore product or products.

33. The method of claim 1, wherein registering comprises registering to a high degree
of accuracy when a physical location of an anomaly on the web represented within the
position data for one of the manufacturing process lines is within +-2 mm of the same
physical location on the web within the position data for a second one of the

manufacturing process lines.

34. The method of claim 1, wherein registering comprises registering to a standard
degree of accuracy when a physical location of an anomaly on the web represented within
the position data for one of the manufacturing process lines is within +-5 mm of the same
physical location on the web within the position data for a second one of the

manufacturing process lines.

35. The method of claim 1, wherein when a physical location of an anomaly on the

web represented within the position data for one of the manufacturing process lines is
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33. The nethod of claim1, wherein registering

conprises registering to a high degree of accuracy
waob@nosophysi cal | ocation of an anomaly on t heP@EDS2008/070069

represented within the position data for one of the

manuf acturing process lines is within +-2 nmof the

sane physical |ocation on the web wthin thetgositLon
gregter thandp0anmg of dircsapredhiricaHecaian an dea web wifhisrthe aeytion data for

a sedd38Dne Bfthe Eﬁ%u%‘é‘ﬁﬂﬂ% p%ce%é Ahp 'éve lp\g@ﬁ&ﬁil&a'ﬁgg bP {h%rain&glaly is a
conprises registering to a standa egree of accuracy
failiecpistrgpioyisi cal | ocati on of an anomaly on the web
represented within the position data for one of the
manuf acturing process lines is within +5 nmof the
365 AMEhp AT AL LR AN REerER oD the posi tion
data for a second one of the ma ufag}urlng process
| i ne®ntiB&ng ket ofmbitthoel rodrke Farmmgl 2 sepneanée phthetwesh vgon which a first

hysical J.ocation of an anonmal.y on the b represented
ongpt i PR ECBEDET et Seltes TS PTG ORGAHAMUT Act ur i ng
Pr 0@@SAmininpeshdtB@a8aE@Hd dnddT tHedBa ki @hriddroS@&FBines has

physi cal |ocation on the web within the position data
perfermed aeporadionne tluf scgmenmyruiuccamprigf thotgment; anes,

the physical. locationof the anomly is a fail
rar St R Bive S Mo BSEmBRAERng BroRgpsdhg e socond

maheRcikiap iphgcsoitprchsesling td eid dcdbyticAtorahs aib-gfgnicheusonal hich both
marks formng a segnent of the web upon which a first
thegfiat mrnufpduiiRPaess and Hy ssedlaanufzchigingniecess hivs pestprmed
erafion; determning whether a second one of the
acturing process lines has perforned an operation
on uhgnisgtwrentradged datsub- segnent of the segnment; and
extracting data fromeach of the first manufacturing
process and the second manufacturing process

37COr @S pRAYING d9mtRe segnent or the sub-segnent upon
whi ch both the first manufacturing process and the

s ec ohdrenmdeitaghmgiwtgther deessortdae o ¢lref mameacturing process lines
operations:; and aligning the extracted data. 37. The
ha%@?ﬁ) eg n8P§WWW§%¥%%H%gein det er mi ni ng whet her the
second opRafhg 4 HBec BRA Yird@ildrac A dRLAS @ pPodesIWBSodidfon map
perfornmed an operation conprises: creating a tree data

st r descupmgdeicmetprigbatueen the Hew swnpispeing hrengshiggs and the second

manufacturing process line;

opé}gti
manu

determining whether the second manufacturing process line is a possible
predecessor process to the first manufacturing process line according to the tree
data structure; and
wherein extracting data comprises searching for and extracting data from the
second manufacturing process line corresponding to the segment of the web only when the
second manufacturing process line is a possible predecessor process to the first

manufacturing process line.
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descri bing interactions between the first
manuf acturing process |line and the second
woremaoawsuri ng process |ine; determ ni ng whet hBCT/USZ908/070069
second manufacturing process line is a possible
predecessor process to the first manufacturing process
line according to the tree data structure; and wherein
38 ext PatSICHYCHIBINGNpr i ses searching for and extracting
dat Mt : U ' .
cor Lol b R pBIERRP S Bl B of opgggions on
awsbcond manufacturing process line is a possible

predecessor procesg to the first. manufact.uri r.ocess
i nd .p@g?htm yEERT 3%%%8@@?4}@1@5 ‘é{ltgu%&rlﬂmailgy Q}?Igarﬁlféctuﬂng
prdEf@&%n%g,tWﬁér&ﬁ cREPSERS 1141&@3@%?5\1?@35 S (ﬁfeﬁ?élm BndpbiaAbdst ¥ portion of

of operations on a web; urality of 1'magi'ng devi ces
thepod toipperade digithi infeamptiom;al i ty of nmanuf acturing process
lines, wherein each of the imagi devi ces .
seqfiBhel BRIy VaBESRI oY oG pBF Al Bomgondpproguce local
andth &1y i B tint fot cdchfoP b RiTact @i SocdtB e Rdbledtsh the local
conput ers tojprocess the digital information to
an@nyy dfermamal fonershrail yha mémHamuiingnpoesssesaoeludds nogion data for a
nuf-act urin r l ines,. wherein the |ocal anomaly
Sd?ﬁ %?%gfpgﬁegg?Cgékﬁ%%%mpﬁghﬁﬁnufacturing processes
I nchuye@puedthat icgivtaatha positiod da@tof @fc 1begiaddmalgrinfoi@ati&bfor the
contai ning_angonal i es; a conputer that registers the.
plusedy of Brnefastaripg prasess lpeafo RiREns Agereerranamprnnfamatipns and
pl u ] : ' i 10
P B
anaroaly ifbrsytRingmdeeahinavdligizamnalics epsdsca qoarnt defoctofn thheveb for
regate_anomaly information to determ ne which
apg%%ﬁg%?ggﬁF@Bp 8- actual defects in the web for a
plurality of different products. 39. The system of
claim 38, wherein the conputer that registers the '
39posilht eystampacliasn 38 celmpeindint cafiput¢rehgopgistesi tbapeoman dita is a
syste 40. The .syst of claim 38, wherein the
copiamsiit of (f Kap SrigH SURL ¥ posi 11 on data al so
operates as one of the analysis conputers. 41. The
systemof claim38, wherein the plurality of .
40 mandhesystem agcleimo d8skhdreindke egraputer that registers the position data also

operates as one of the analysis computers.

41. The system of claim 38, wherein the plurality of manufacturing process lines and

the analysis computers are located within a plurality of manufacturing plants,

42. The system of claim 41, further including a consolidation server located within
cach of the manufacturing plants and configured to collect data from each analysis
computer of the respective manufacturing plant and transmit the local anomaly

information to the conversion control system.
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the anal ysis conputers are |located within a plurality
of manufacturing plants, 42. The system of claim41,
wo eoovfaer94d ncl udi ng a consol i dati on server | ocaR@HUS2008/070069
wi thin each of the manufacturing plants and confi gured
to collect data fromeach anal ysis conputer of the
respective manufacturing plant and transmt the | oca
43 ano %ﬁp yYsten of fat 42 Wierendhegmyesngenighiysism executes software
to SHREEHE f'c;')?:al éﬁb‘i‘n w&tf&%a?fon %oﬁ{ ggcﬁ%’f c ?flﬁétﬂ)nt Jgf\fers 11d re%lster all
conversion control system executes software to collec
ofﬂhéommamhnaythhymumﬁomﬁataomnpwmnnmm@ch of
consol idation servers and register all of the |oca
anomaly information to forma conposite map. 44. The
44 SYSTRAQferft bALIM SR, mélﬁ'tﬁh éﬁ%e&%\’cﬁﬁbp@sféﬁp&e&&{mnes a value
systemdeterm nes a val ue of | east one “product
of stelbas(c vhopropest askettem fapameacior eachtdfehqopmdulm sind aeldcts one of the

ts one of e s for onverS| n of the b
e 8§ e e oaey ARnTHE b oarnUsF R Recshrihroducts
products. 45. A conversion control systen1conprising:
a dat abase storing data defining a set of rules; an
45§ nt ércfoal@ersm coattel systemowaiprigal y i nf or mati on froma
plur &B%ms[ |ﬁ£/Qﬁg%ﬂgqgm%gfﬁﬂnachlnes associ at ed
q ac turlng process lines that

p e r ﬁﬁ) interface |t r@bivb yocxat aﬁt@ﬁ%ﬂfﬂlﬂf@ﬂﬁatl@ﬁ feorvVe plu@dility of different
material, wherein each of the nanufacturlng process
anglysiemarhibes peaciased vith g lwrality of sranafagBiingirocsss bies ﬂ@%ﬁ perform

+ AR oG ATy SEOTLASR,  OTPURSF o Tl rocess
linesniholudest potsmomjatat foea pd:tuuf atdions oof therarebi fcanthmnnmomadlesg Ss

lines to prqduce a te a onal i nf rnatlon
con¢ EPRPBT @@h{%&ﬁeg Taaition ta&éﬁ@r il pRamply @ Tpgtion for the

plkdgy agﬁ{aﬁaﬁéﬁnﬁg 9@&@ nnréﬁ @Hﬁ%ﬁh&mgrgpeg%ta%maryqnmhﬁhon
anomal i es represent actual defects in the web for

pIuaaanymomc@nﬁﬂengn¢ﬂptqﬂﬂmﬁﬁwluﬁsuTmeaggmgapgn@ndy

inffifHio o BEITEe Rebish BoMafid: reffeSet b [erfl b2 Woh e

phﬁﬂﬁy@fdﬁﬁﬁﬁﬁpﬂﬂ@c@rOdUCt sel ection paraneter for each
of a plurality of products, wherein the conversion

control engine selects one of the products for

46 ONYRE %in%%rs%n E&%o%t&?gﬁ 8211?194% ,I'Wneggh ?ﬁéﬂgorlllggrsi‘/o%l cdfitfol engine

applies the rules to determine a value for at least one product selection parameter for each
of a plurality of products, wherein the conversion control engine selects one of the

products for conversion of the web based on the determined values.
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