MULTI - UNI T PROCESS SPATI AL SYNCHRONI ZATI ON OF | MAGE | NSPECTI ON SYSTEMS
TECHNI CAL FI ELD 10001] The present invention relates to automated

i nspect i onoabogysens, and nore particularly, to inspecPCOUSedsosnovs? nuousl y
novi ng webs. BACKGROUND 100021 Inspection systens for the anal ysis of
noving web materials have proven critical to nodern manufacturing
operations. Industries as varied as netal fabrication, paper, nonwovens,
and filns rel MBRTI-ANIL PROGHNS HPATLAL SYNGHROMZATON Gt IMAGE i cat i on
and online process nonitoring INNREGEIQON SHYFEMSI ty in the industry is
related to the extrenely high data processing rates required to keep up
with current manufacturing proc / of comercially viable

wi dt h and web speeds that are tmw&t‘z%@ﬁg[ﬁd pi xel resolution that is
typi cal | yooegdas préRhfindéftivnthice o SREQEIRd Mspb&ith HATsyQ¥a8 JAdngeds of
megabytes per second are required of the inspection Systens. It is a

cont i nualpactealdrbyn tpeinsrecpon ebemtinpeussmarndgpeadsor m accur at e def ect det ecti on
at these data rates. 10003] In addition, web process manufacturing
operations arc becom ng nore conplicated with nultiple unit operations
being performed on a single roll of material during its production. For
exanpl e, certain conplex web- basebA UWNDgych as flexible circuits, may
require as nany as fifteen distinct manufacturing operations over the

cour se of[08@3]Insprecoesysigawkior thefanalysisof moxyinggvebumatephle hpyopharen oxridal wes at
di £ fer ent,, DAYS hoR 8L RS bl idNte SR RIS UTREA0PE ot b ScdibR! 3k L o0l | ect
the web into a roﬁ al'tePPEan pro%uéss and™dn ﬁrP%e FOI TR0 PGP P ér ent

| ocat i on whehs, antl filss k41 bn tivse idspebtiorspaeas et boahsloagaicartiobli@cimd into a
roll. Each process may I ntroduce new anonmalies into a web which nay or nmay

not cause&MiRe PigsEsstBOHPIAET EWeindor djFiady & thedpdystyierelatest OB dicigly make
det ection,: | el i N t -l j L.: MVARY;, 100041
I n gener &1?‘{ gag[%h%ndlcg%sle@}g{rgglr%@?gg :t{)%é(f(bﬁl & rWItﬂLgeurgegl{t gﬁag?%gﬁ#lﬁé greocct§ %gon' 0 thm)vi ng
webs. Morectspécommieeadidlly, vinble widthrand quebspaeisclidt hedkyprenky nscdraad gixebct ed to

performn patial registrati nd conbi.nati on of anonaly data, cqllected
t hr oughong@W@nﬁﬁﬁdaB@pmﬁMFe%& &i_éﬁ acqpRRon Yooty BT LR de 1 or
the spatiglehe@l pir REsRMERAUGEAB ARLADBcRIn SHCHR! ¥ iglafcantﬁﬁllal @%ﬂl cto .

t hroughout Tuftiple unit operations berng perforned on a roll terial
duri ng i tso@seuuages end patem dchoaghdgiea detettiomt tieose delquatee use of nul tiple
producti jnes .over an extended period of tine at different physical

B eas [ JBoblI TR 3R TR SPOL PG B R PHR TN e O5T BE SSE° FOP L3 e,
one or nMyieh ARRRSHHiOSpEMEIG HBin@ GREb e PPN BhYlcirol 6f ARtki@nddriig itshe web. The
i nspection systens may analyze this so called "local" anomaly 1 nformation
and per f aredugtioneFpngxampie. eiain aamplsn wobrheged pretloetpestitlors Beyable capyitss egi ons
of the wep, oantal nl gy ANOFRLL ef R SLAIET 0l (SURRGIUEH! § PLORESS) NG
Simlar techni'quées are applied at each process w PRV the: m i - process

product i @t coén Wheksyetien dthlAgbyuGIPREsralidtignlineaht BfQER] phykichiovitagt Inafedeor

each of the manufacturing processes, i.e., st agftes. )
circumstances, it 1s 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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[ 0006] The anomaly information generated during the various production
processes for the noving web may be communicated to a system where the
anonal y iwbaoeatsan fromthe different processes for theChals2aa070969
spatially registered. That is, the respective anonmaly information fromthe
di fferent processes can be aligned such that the anonalies fromthe

di fferent manufacturing processes have spatial relevance wth each other to

produce "EJyrEghisethed s provisterfax the spatisd ragidratien and gupbApatieof| ocal

anonal y i i : f stored
and recog%lb ggf%‘?ﬁ(ﬁ%g{\%}{§ﬁgg u@?gﬁﬁtﬁ%%# glge&gtlti%%g%c %%F]faotﬁn%% %gd;}?fons of
al I anonmahatesaldietieg ite graatuctidd, cs¢rahosgoprodedrioprmoesguingueart nndtipleal yzed at a
| ater tinme. Once, aggregated, re sqphi.sticated al gorithnms can be applied
to the agﬁ?@@&%ha%ow 911?%%4%?1830? gmaeét @#ﬁr%pgﬁva@%@m def ects based
on 3 Var i §hois| For RehAE Sdurfi cali AR Betufint BRYELSLPMMLGAM b orSfSiem may
subsequent |y ‘apply ohe or re defect detection algorithnms to the aggregate
anonal y dasmectian syistenmyeiceliye genednindormationvyertbe srbplfanidfspectmnweiiemeohlay That
is, the conversi.on contrpl system may select a conversi.on. pl an having

def i ned 1 MEPPRRYT SHETgr st b EReST g b S RETHER BB det ct | on

al gori t hnxampRkibed I¥gc iRRrMANE I AnyERBIING bf S @ BoBYNRE anomalies is
application-specific, i.e., specific to different potential products, to
provi de fstrred Fyrsubssquend praspssiteal Siomilar fegbnifens ao¢ anmied wednch procebagibinon t he
aggr egat ‘%hé‘ﬂl%ﬂﬁ'p%cgs%tp‘%‘odu%p n SPIEch %re%onteﬁeorhm?g REATLBRY LG GRkse thi s
aggregat e anomafy rnfformation an he “CoMEr s o plcan 0 ane or “Hor e

conver si afclsbf B8 nidnffRnekdPré@sges aduGtaef.r om t he web. [0008] The use of
spatially rQe{ﬁi stered anonaly .information that spans nultiple manufacturing

pr ocessed 09 Thesnagply MEBMgHYN ensiaterbdyriigtha yyaeHs ayeduction prpcgsyes for
ot Sduct - oy BRIAIGE B ORERRnHAN 10 ¥ KPh Ry BUREATN Blorn RO S EbY©
i ncr ease theddfeumt procpssos fdr tianeclacanasd sphtialbf registeesd. plitae ist thalredpectdfe t s.

[ 0009] For exanple, i.t e ssible to maintain registration of. defect
posi tion %P{nﬁfyrfn%zr@aw gﬁﬁﬁga Aot meocener Fan lﬁf‘r%&ﬁ%@ e té%tdﬁ%g@m%@s anot her

exanpl e, fdm MRVdifErcRPR8AILGuiRy hReBLES Navhapiitl R eveabSRith Qicedlr o~
sub-process. Furthernore, the gathered data may prove useful in optimzing

parts conboted “hggragadé T fnomaiyt indpreration derghe web.may al so be possible to

aut omat | ej,ect defective rts,even if t defect is undetectable in
e 11 nan OGBS bFogtS Kt sk Bo R R ERE RSP S e FRkRed (o a
nmet hod copqbd ehdecoRiik@ WHihnevwady REdHiRH ahdm@k daRefeh tRPhePIsiEoMESf AL a
plurality of manufacturing process |ines, i magl ng a sequential portion of

t he web tapopebics dréccidyitallistagas of welt Proacsameesar he enalyzed atradieener PAeS process
| i nes, pr i e di g i i J I |y
i o rat 1 Sh AT b SR T AR EE: hBIREHE L RERR0M Y, | oca
anomal y iinfopmpmdén ©Nict@miramly aofual fidcdt@bakbach Unvarigy T daRss. Fom@aniphslaudes
position data for a set of regions on the web containi ng anonal i es,

regi st er iG95VEIREN 5BRYTQlisyHCRAREY BOsIE oMLY BRONENYTCiSFST AYESR for the

pl ural i ty, ritfmrmstaggﬂega BAGAAS Satal DSRirh AeBRAUGE QAN GHBHGIANBFR! Y

i nformation, analyzing a Feast portion of > the aggregat e anonal y

i nf or mat iveeb tod. dékeisnthoeonertén adnttoh ey stéamo malyiselsctraeqamession pdat hevingdef ects i n

t he web, d outputting a conversion control plan, 100111 In anot her
embodi merfeHneWSIHGioHE Frpro@sing e 10 ﬁéﬁ‘é@ mqtmlpa&f%ﬁ)&ﬂanﬁamhaﬂi ty of
manuf act yyi tﬁgc&{&%&ﬁcdmﬁﬁﬁ'}rs&éﬁ@ha 8t l'iEaﬁo@Jst@c@f*id_,tiE.,géecﬁﬁetb%tiff&_@ﬁ on a
web. The system al so includes a plurality of 1 maging devices positioned

wi t hi n a noitantial proguass, teraravidedbumicregsqeraepsmal nmlegtiomhetheiwebgal thagsid anhe

i magi ng devi ces sequentially.-inmages at |east a portion of th bto

rovi de. drregreRhieY fun? THIEAE5 el ! neih et Sl or o

anal ysi s a@gfagutte%@mb iRfoRmasen Altethelicaiviedlion plaR td1Bid Mm@ cBhRAu6e sik@cal
anomaly intformation for each of the manufacturing process |ines, wherein

t he | ocalfornpiofusipg Prduetrdonbieveb. each of the manufacturing process |ines
i ncludes position data for a set of regions on the web containing
anonmal i es. Mreover, the systemincludes a conputer that registers the
position data of the local anomaly information for the plurality of

manuf acturi ng process |ines to produce saggregate anomaly information. The
system al so i ncludes a conversion control systemthat anal yzes at |east a
portion of the aggregate anonmaly information to determ ne which anonalies
represent actual defects in the web for a plurality of different products.
10012] In another enbodi ment, the invention is directed to a conversion
control system conprising a database storing data defining a set of rules

o v o o e o - - Y




10016] The details of one or

forth in the acconpanyi ng drawi ngs and the description below O her
f eat ur es,wokp@atigg40and advant ages of the invention w || POE/Usp@a/0g0es9 f r om
the description and drawi ngs, and fromthe clains. DEFIN TIONS 10017]
pur poses of the present invention, the following terns used in this

application are defined as follows: 100181 "web" neans a sheet of mat
havi ng a [PP8dlheiuse S srsbally raginderad prernaly infareptionitha spensgreéaleer mi ned or

| ndet er mrﬂﬁﬁl‘i‘aét&ﬂ% r%éeéése%)s;fg% 9%&1@%%9&%#%1{0‘3@&%%#2 aﬁdQQ&?éesfs%%H‘d? ntial”

that an inmage 1s
web t hat sipiificatlygnhaped proacsiquglity ahelysiohnd emsml, dlfetiwapsodipti xel s) ;

"pi xel"
10021]

may not be a

essSI o I nes; or areas of

nmeans a pi.cture dement represented by one or nore digital. va

+ FORBEICrei AFSRsRA Ui Guton LB B &ffwce‘i EL TACTRAYSTHYRRUE Ot g a1

"anonalyQ,Qﬁmgggqmgg%%&%ﬁmqﬁﬂegmdeviation from normal product that may or
ef ect,

depending on its characteristics and severity.

nore enbodi nents of the invention are set

For
eri al

means
t he

100201

ues;

[ 0023]

"filter" [080Y hratchenplti it alaytbe aosdible tamiaomainfecgsiratiop of défestgesitionavithesi r ed

out put
propert

requi r enepigenti®y Faste-Byadesc! Y &chsu

[ 0025]

web,

i
y

, filt Vpi | dt h t qf d
T g Ehi s ent b phuchg iotest | AR S RaG rfapten ity RraRosibiy
fREsOFulrihBrrhdit 86 8stheiee dh@rmdyhe web;

"yield" represents a utilization of a web expressed in percent
mat er i al ,proivd eschiumbeptinafzingrnsse combmed Siomedidicrrat operathans; [toapdso ber oduct s”

he i ndj.vi |, sh I f - Jced f
b, o bl PuoBUREN SR BSOS R ol e RIS ERRAL e UAEYF B &

angu or a cel one

i red
g

age of

oma

tel evi si dinagprodaet, and [0027] "conversion"” is the process of physically
cutting a web into products. BRI EF DESCRI PTI| ON OF DRAW NGS

[0010] In one embodiment, the invention is directed to a method comprising performing a
plurality of operations on a web at a plurality of manufacturing process lines, imaging a
sequential portion of the web to provide digital information at each 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
the plurality of manufacturing process lines to produce aggregate anomaly information,
analyzing at least a portion of the aggregate anomaly information to determine which of
the anomalies represent actual defects in the web, and outputting a conversion control
plan.

[0011] In another embodiment, the invention is directed to a system including a plurality
of manufacturing process lines that perform a plurality of operations on a web. The
system also includes a plurality of imaging devices positioned within a plurality 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



[0028] FIG 1 is a block diagramillustrating a global network environnent
I n which a conversion control system controls conversion of web material.
100291 FIVED 2B0wE4H0bl ock diagramillustrating an exenpl CY/USedwsdrovent of a
web manufacturing plant. [0030] FIG 3 is a block diagramillustrating an
exenpl ary sequence of procedures and inspections for a web. [0031] FIG 4
Is an illustration of the web manufacturing data collection and anal ysis
system [OBHCtEIEProgAs Gresdp Preffusy pagrseate pranpsly infagnatieandihg systemaliei al
marks. 1 Fl ' | I e | kAl r.eader.
[0034] FiEoges nviloh SnliRUER Bhe ABERATIAT PO e BBt 7o)
under go, anoolalydinfugniatien toadeesrmimt wbidh ahoraaligfrepresenamand|deestsanchamsikfong of
previ ous a orrgl i e .ggrOOSS]] FI GS. 8A and 8B are block diagrans illustrating
t he aggr e@glgt“ia t Jrdifigent PRIYES or dance with two exenpl ary embodi nents of the

techni qugyo AYSELLEGE: é[}{g%(gd%ﬁentF %Q%?%enﬁblﬁs cﬁllreic§d% blcOMehabt cdddoisid@hi ng the

production of a web. | F Is a flowhart 1llustrating the

i nspect i aongpriepg acfatahapr sewssddts definifi®@38]of FIG arkllani igteafatd wvwebravd local

illustratin entral .reconcil.iat.ion data gathered froma plurality of

or ocessedPiteGANERER BPG LHBRUETRE A oran du et n o A 1

i1l ust Fatplﬁk@liﬁyﬂﬁ rrRR& g ﬂr@é‘e@@ﬁhésltﬁﬁ ﬂe%nﬂ@g;%rﬁll@tﬁrhﬁb%&aﬁé&m@a leblbﬂ! Ity

of processes in an exenplary enbodinment. [0040] FIG 13 is a block diagram

i || ust r atthafgridnwhsieinptagh of etoaivshitringfprogedubineslingtudds papitipe data for a set
of regions on the web containing anomalies. The conversion control system also includes
a computer that registers the position data of the local anomaly information for the
plurality of manufacturing process lines to produce aggregate anomaly information. The
conversion control system further includes a conversion control engine that applies the
rules to the aggregate anomaly information to determine which anomalies represent actual
defects in the web for a plurality of different products.

[0013] In another embodiment, a method comprises performing a plurality of operations
on a web at a plurality of manufacturing process lines, generating 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 the plurality of manufacturing process lines to produce aggregate
anomaly information, analyzing at least a portion of the aggregate anomaly information to
determine which of the anomalies represent actual defects in the web, and outputting a
conversion control plan.

[0014] In another embodiment, a method comprises performing a plurality of operations
on a web at a plurality of 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



100411 FIGS. 14A-14D are block diagrans illustrating the positions of
existing and inserted fiducial marks. 10042] FIG 15 is a flowchart

i1l ustratwogoexaspbary operations involved in applicati @aTafS260800@oal mar ks
to a web. 100431 FIG 16 is a flowhart illustrating exenplary operations
involved in identifying spatially synchroni zed areas of web materi al
throughout multiple manufacturing operations. [0044g FIG 17 is a flowhart
i |1 ust r attheiplusaleypf mayufagierng piossssilmgpiomadics seergaicigomalripor@ptiee of data

associ at ed(iilla% ? an’eraEt' acﬂ‘blﬁ%n Me agélje dte [1190914;1%“ rﬁh%twﬁ%@d%@ﬁnﬁ% Qﬁvﬁélp&é(

di agrans | rating ‘exanp gnent' s overl appi ng uci al marks.
[ 0046] Flthe addndl®s mmmeeedm%mg inithé wsb JationgpuatirponEavesam ohtrdaglan.gat her ed

f t I 0 F] G 20 bl k di hat .d t
eig% fdﬁﬁﬁﬁefiﬁt@g éﬁcv% ‘gHJB Tihepith fﬁ‘éi@es%g%gi}ﬁ%@lgt%g%ﬁfyq@ 5 80123 i al ?3
synchr onigzg ffk@des%ﬁﬁ&i Aeftahd haqﬁﬁatéarto %am@ﬁhgo omag,%ﬂmgﬁ& frgh IS a

bl ock di agra lustrating an alternati nt of the techniques
descri bedvineln dé¢factasfoapptioreniay be gersyacé nkéraxampld, ecanotipr nedsdinenent dat a

froma we 0049 I 22.iS a |cal ent n of rre ur.enment
Harn oat HBiamohob SRRt sy e PRI G LR RET Rl R RS DT Al LeD
DESCRI PTI@M@Q&%C@ for sﬁ—b§e§uéﬁt Bﬂlaﬂydis dA agik éiﬁnhﬂlé USthéBbd B&nﬁn@kObaI net wor k
environnent 2 in which conversi on control %/;t em 4 controls conversi on of

web nat erfieaiormiugraepleialt dfi oaaataltlyns oied wiehatd alrality agmpnefactsrispperesslined
manut act ul,ng f’ ﬁ%a‘]ﬁe%n?h% 1{1&%% eb'IS‘” qfv‘l'f‘ eth; N9 &b GRl 23) hﬁrf‘%ﬂuce and

I
1ma
ship web e a ormo Between eac er and shi p

fi ni shed maﬁlfmlhrhﬁg Iir@cds@hﬁ@”lpﬁfcbssﬁ@ thé tipstaBiifdiMativie B maweaséauﬁbfegt plants 6
may be geo% aphically distributed, and each of the web manufacturing plants

may i ncl UBErBABDLIor fatheof taq raweeTiRg Pincewdings. whesan (i lasal sipfect 00517 1 n
general, web L f%lré AR OB Ixegﬁggﬁ‘s%éﬁﬁﬁl@s Iﬁ\ﬁﬁld@?g%ﬁﬂ ddt o g@%libe any

sheet-llke mat eri a aV|nga nsion in one direction an ther a
pr edet er megleds m theiwdbedoataniing tiefettenggiktetring tﬂeq)o@niohmlgmrcﬁflthejiocdaief@n

Exanpl es .0 ter| | s .include, but are not. limte netal s, paper,
wovens, B f%m ”151 elity o rpapufacturng praoesy Il@% tg|pLo C? e%ﬁr?%at%fiefect

combi nat i;QRSmhHG!, &R oﬁ{%{n%lné a%}{vér%h'dgﬁro?% materials as steel or
al umi num Wvens generally~include various fabrics. Non-wovens include

mat er i al 0064]cFheaktylapépne 61 nprrenmediragnteof tha meatlpmgematt fortham theFi | ns
;23' gg:t eagoqrrp]()a%pgz% c?rawmgs and fHe desc%p% bggwr@%leg fea{ulres o‘tlure]c(::tls uaglldng l'am nat es
advantages of the invention will be apparent from the description and drawings, and from

the claims.

DEFINITIONS

[0017] For purposes of the present invention, the following terms used in this application
are defined as follows:

[0018] “web” means a sheet of 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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100521 In order to manufacture a finished web roll 10 which is ready for
conversion into products 12, unfinished web rolls 7 nay need to undergo
processi yof2o@mimubt i pl e process lines either w thin on@Chais2ensmnioact uri ng
pl ant, for instance, web manufacturing plant 6A, or within nmultiple

manuf acturi ng plants. For each process, a web roll is typically used as a
source roll fromwhich the web is fed into the manufacturing process. After
each prod89%3] “feryie mathenaijcabiransfosmationr pban el imapntoa desiies oppul 7 and

noved to i f - ' [ [ - uring
R L A T S S S P L
rol | . Thi[60D¢]orpplscatisnspgpefad adedans definiug réquiemleytsae. .1 pradb &delsebasedbh thkO i s
produced.. [0%53] For many applications, the web materials for each of web
rolls 7 rfBPn cARmBF 818 coatings applied at one or more production |ines
of one_orop1e- b RBAYLACH HfiliAioR oR BhkbGxprEQRAGBLIcBNalSoURREAA! hifi apPI i ed
to an expose urtface of either a base web nmaterial, 1nthe case of the

first manuidct af produgs ocesss otber raampregvi ousl y applied coating in the case of

a subseq nanuf act,ur i . pf.acess | es of coatings include hesi ves,
nar deoat J00FEhwPRIES: o BeiRARTET Suer S rhutd T SatriRRe gt ety
density GoOREY,RYS,a RLBAREUTMCALENOIENATEL bélp%lﬁfne G%?fa@ﬂﬂ%%lb\ﬁ@ioﬁ@@ﬁebﬂ%d or
conbi nati ons thereof A given coating naY e applied to only a portion of

t he web rAOEH| abnwrsionyistha process ebphysirallyxpitivgd vebripeguodifcts. he web
material. Further, the web materials nay be patterned or unpatterned.

[ 0054] During each manufacturing process for a given one of web rolls 7,

one or nore inspection SBRIFEDESCRIPTFIONCORIDRAWINGSiti on for the web. For
exanple, as illustrated in FIG 2, an inspection systemfor a production

l'ine may [ppeejude;. 9nea BFocHBfa%rdnE‘HHﬁterﬁ@H @bEdl%tv&ﬁK'eﬁ@i%oﬂ?&e%‘t i QRRA Al N close
proximty to the continuously noving web as the web is processed, e.g., as
one or nmoevasiaticogsolaygcmpphireld cowverhien aeweb Wateriahage acqui si ti on devi ces

scan seq ' rtigns of the.continuousl vin b tg obtain digital
rmge aad DSyl R i P Reelar S Mad SBaSynlR rECdiRge’ da5ti (n ope. o
nmore  al gRidufivisridgplitoduce so called "l ocal " anomaly information. The
anomaly information may be referred to herein as |ocal anomaly information
in that tIAG3UADRE} s 4 bipek Awgiaonillystrsnglanyexpmplagdeeguenssiof perscdwehantat i on
that is s £ oordi nate systemlocal to, or generally used by, the
productidﬁﬁﬁfwg%ééf?gﬁ Ty in use. As described below, this |ocal position
i nf or mat i [0031ITEBIGh @ ig@aiiugd tRe it wihaannBoufiag tath icoldedbanh atdlysy en ot her
production lines within the same manufacturing plant. For these reasons,
the | ocalSY8#f®naly i nformation obtained during the production for each of
web roll j atha i g - I ; Qggaly i nfornmati on
for the 33%%“32§@r§%1$é¥ﬁ§§%?gﬁgpﬁ§“%%ﬁ %l%ﬂﬁéﬁggﬁﬁ%%?bn associated with

t he | ocal[0633] Y6 issa picansdanetketnplaay fidmrelmatoedicnat e systemto align

position i riatLon from different nuf acturi ng processes applied to the
Pane: wab (PBHIEILE 0 GGl FRas wa dndhe Sraotth, iy yrieer RAEIBR | o

referred 018" RkdHREo RIS IR nAROIRY YallFhObMRELBOs SRl | ected and
aligned with anomaly information for at |east one or possibly all of the

manuf act UAPIY H6Sc 84 zed 8Barre bloek dagmnmalustaiting The dpgosBtiondf datspeci fi cal |y,
during each nuf act urin oces the i e information (i.e., raw pixel
"t of et GHOBE Gy LSRRG R PR g TRt wE MR ahiter B85 scor ed for
subsequenyoRg|FUESS iDtlow bkt illGstratig Ao llitige offatsebsur roundi ng an
identified anonaln?is extracted fromthe stream of pixel information

obt ai ned [PPBthklfel( segtoved@gttilbistiagng devnsnscigiostepssfadredesnnGi t h posi tion

i nformati jndi-cat i L] ' : e i thin the web,
pot h i ¢ HOV JAE P e Rl Lt Rl e R A B
t he | engtpluafitytdferaebses inagecxdaiptarnembasdisant.at ed with anomalies is

di scarded. Sim|ar techni&ggs are-apﬁ%ied at each_process within the

mul ti - pr JO8¥Y HEo bt v dertdllgitipting Wsstepsifer reconclmedps dya gathgied dipm acal
anomal y i . i . turing processes, i.e., stages.
[0056] T elﬁgﬁgﬁ&gﬁﬁﬁgﬁy??ﬁ 5?&%%?%Hﬁggﬁ%?%ted during the various
production processes for the noving web is then comruni cated to conversion
control system 4, where the local anomaly information fromthe different
processes for the web can be spatially gegistered. That is, the respective
anomaly information fromthe different processes can be aligned such that
the anomalies fromthe different manufacturing processes have spati al

rel evance with each other to produce the aggregate anomaly infornmation 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

o Y I | M



conversion control system4 and adjust the position data for any newy

gat hered | ocal anomaly information according to the coordinate system used
duri ng t heof2009t4anuf act uri ng process. As nentioned, alPCEUS20080&00¢9
conversion control system4 may process |ocal anonmaly information from each
of the manufacturing processes. In this manner, all of the position data of
the I ocal anomaly infornmation gathered fromall manufacturing processes for
t he same RRPIAE0 1 Fisediogdedipramriipsteading gn exemplary crabpshvaey o fidegirbmarki n web
roll 10 grg.known regardl ess of when, that is, fromwhich process, each
anomal y was 1'ntroduced. [0060] Conversion control system 4 applies one or
nor e def 004 ISt il A KDY aei bl dukedidgramb d agetieght eodtiomsedfiexistihgamit i on t o
ultimtely select and generate a conversion plan for each web roll 10.
Conversi d Seété'ﬁ%tdl’}?la %&ém4 may sel ect converting sites 8 based on one or
more par gmﬂrﬁe PO v RS Y st FBY g Skdrffhry dPRraGBRY BN SR iPippieRidnddd s 10
into products 12. That 1s conver5|%n cont?bl system 4 seleé)s, In an

aut omat ediduciag erarksgataovadt ed nanner, converting sites 8 for converting web

rolls 10 n.one Qr re site sel ection parameter suc .current

b oduct 0EARy 17 SR GRrEE o SS R R R RGeS biebed tiolRuftn
control SYstiAR nB¥nidbd hicdeo Ol dtematihiehfRbREltindNtiplehamFRingsuch as order
i nformati on associ ated with each of products 12 at the various converting

sites 8, apgratiens product demand experienced w thin the geographic regions
serviced converfin Ites. shippi costs. and transportation options
associ at e@“‘\‘/é]&ﬁ Ge 32 ¥ %ﬁo‘fv g %tclli)lﬁ\élﬂéart 1?1}% § gg“s@? so,pe%a%@%%ﬂny Oheﬁél?gerdiu? '€al orders
pendi ng akarchepaenydithiad@chitddesith pAHGIhr Basadison t he sel ections nmade by
conversion control system4, web rolls 10 are shipped to converting sites
8A- 8N (" 8P RIGRg 1 &1t BB greyblockiizgiammi} ussatieotremphi el sagnynstitlbut ed

w thin di ri Converting sites 8 convert each web roll 10
into one(%%ﬁﬁﬁﬁggggﬁg%é%ﬁg&SpecificaIIy, each of converting sites 8

i ncl udes [0046]HRIGNTI B apicoees®t [llwsestingrwmtonyaysoe af data gathereth rowetwd @ocass gi ven
web roll 10 into numerous individual sheets, individual parts, or nunerous
web roI!éFngferred to as products 12A-12N ("products 12"). As one exanpl e,
conver ti nNgos1trGEAy ﬁ%l&&i‘dﬁ&é&m"’tﬁ& de91c|t§an1é9<_aﬁlfplé° bl M ARV OShbb HERh Sheet's
for use in autonobile lighting systens. Simlarly, other forms of web

mat er i al Sormenyplpeg twhvignesd spatiablypyoduetisge d&a,chicllaf dtarbeite orsimapely datd si zes

dependi n he. L ntended. application by.cust.oner 4A-1 'cust oners
Ty EadnOBfTabnaLict SR EERy R B S adaeiral b F R,
types of de&ive@hbfeidt appned QAL sERNRR chilGing inh@suredentR066@ i ¢, er ent
products 12 depending on the |ocation of the converting site and the

parti cul a[ﬂﬂﬁé%@- 82 icugreplretlgenrgsentaios 21 nEpgirgment giptagsdhiared frgmpagpes er ed
anonalymgﬁgg%ggéggﬂo%g&%ulggg mg&%&iple manuf act uri ng processes for a
single nmay provi de nmany®advantages, such as significantly enhanced
process quality analysis and control, defective product contai nnment,
increased utilization of the web, reduced cost, increase revenue or profit
and a variety of other potent@EIAEEEPﬂ?EgcR#BFTQanpIe, it may be possible
to maintain registration of defect position within 0-5 mmor preferably

wi t hi n 0-[205fh Klkr: dughbleck therasmilluseatprecdgliobdl awtvprrh ersisonnimt Anowheoh exanpl e,
it may be possible tq identif st e- bycause for each, sub-process.

Fur ¢ har noPBr g <Gt dlay SR oot iR OBy aR HE Beb PR o MR RGBT e

conbi ned rhim@iddefent cAPENAtWeNSankfhctiBig ?ﬂaﬁ@ Prdpaashtthulfturing
automatically reject defective parts even if the defect is undetectable in

t he fi nalsitpy Batieioduckom@zhipryeh materigl i the e ofiveagrralls 7 betvsen agdhrghegrnd

exenpl ary i : i i a I . i of web
mant act UPnSlAnpetaRlsf0 R RIRERRR e fEa GBI R BRI 1e0,
a web 20 desgiapbicillyodis@ibbeidyaricachvof tidppdrhanudidisrimpladd maly iddedaagorsi ti on
devi ces 26A-26N ("i npge acquj.sition devices 26") are positioned in close
proxi mi t y"eis R %%tqgrﬂﬁ%%ﬁ bn?‘?dﬂ@rg;_)web 20. | mage acquisition devices 26
ot a. Acd T S Ll DA e B i on
devi ces bg¢ctdikd rhatenivd i ving hdixieddgeerdatinan tooe divedtiomi avd eahgaut @ed@8nfined or
prelimnary anal ysis. [0064] |nmage acquisition devices 26 may be
conventional imaging devices that are capable of reading a sequenti al
portion of the noving web 20 and providing output in the formof a digital
data stream As shown in FIG 2, inaging devices 26 nay be caneras that
directly provide a digital data stream or an anal og canera with an
additional analog to digital converter. Other sensors, such as, for
exanpl e, |aser scanners may be utilized as the imaging acquisition device.
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100651 The i mage may be optionally acquired through the utilization of
optic assenblies that assist in the procurenent of the imge. The
assenbl | egOrzad/iev4ei t her part of a canmera, or may be seParAiSe0BODIYEE he
canera. Optic assenblies utilize reflected light, transmtted |ight, or
transflected light during the inmaging process. Reflected light, for
exanple, is often suitable for the detection of defects caused by we

b
surface dBferatRgteagthsindhe erhapepalbirectkien sxamaes ofprbepaterigly dichudenbitk
controll nt 1ol jduci.al I ec |1 e¢ I posi tion
i nf or mat ;eafzr)en?f rlg%@év(\ietg’ @8{8115%&62&%6%%%?0? iavgﬁ{:elngilgglér?g’r %(I:Ilcl)%ﬁ %‘Iﬁlﬁébeﬁgg i ncl ude
one or naficuphat@ndptdtons eéresfs Mandls mag dnahglesach andemnlsors seeharalumdivei.a from
web 20. I\& addi tion, fiducial, maég .controller 30 recej ve ftlaosi tion
signal s fYVEHTBREngRIyBIclidsvgropYIaRTISY G¥PrEeYeraclutfgugietaky YA 4RBEPSD and/ or
rollers 23, %dia?@?&%ul}?ﬂn%@%teﬁgﬁﬁilrﬂﬁn%luﬂ@%ﬁexa%&dﬁé‘,%!&¥ affPbfagaentrol ler 30

determnes position inforfration for each detected f'iducial nark. For

exanpl e, rolytoeicfilmsaniudioptaninkies adDcomad fpmsduce position infornmation

| ocati ng det ected fiducial rk., wi.thin a coordinate system applied to
the. pr oodBBSH HEERT BrRUEFOITY PRhe VI DR REH 5aN By SERAEEEE of 1 ne
det ect ed drb@lued B, uiBAiKBedM EB1oNs t7hBayCRRE db ﬁﬁde@%ﬂf@wﬁl@&?&ﬂ R0 Braees! tion
data received fromfiducial mark controller 30. In thi's case, the position
dat a pr oVingedithy Withduenawchrmeruieemting plaat, fgonstayce; web axanfacuirias plnes

bet ween ch fiducial.mark in a.dinmensien along the | endth.of 20.,In

ei thor gt orprE ] irTE i G it PRRRSE: SichiRodelf e bl bty 8 ' on
i nf or mat ;@ sbercanall fHsinsweionpiet eeb B8ed heDhé maAndicyBing prodRut After2Bcpr ocesses

i mge streans from acgui,siti on conputers 27. Analysis conputer 28 processes
the di gi tRaPCsshiths ek isomPighlbhcadiseted pesip iwo jayebirall 7zangarevied ie 2 difgeter at e

| ocal an \; | I I ] es. i : cont ai ni ng
anomsl | 68 ot HAC 8F et & Afferbl Flh ey BNk SOM AR i AP
anonal y, moalsysl sndcaaputaticc28 imxtiraldt Thikmpesocthie repragd vdat dtiantdyomal y 1 nage
t hat contfai. s ,pi xel gst.a egcogpassi ng the anomaly and possibly a

sur r oundi H@Sq‘ﬁgrwqbdﬁﬂ "WeB2E " Anal ysi s conmputer 28 may classify an anomaly
into di ff[@ﬁ%]thﬂ%ia%‘}tap?lli@a%i_%ﬁé thd wOSRaRS@IYor &Rh of A3hNEET mh@h& MRy be

uni que defect classés to distinguish between spots, scratches, and oil

dri ps. Orhercrelsassesgsmpplic stonnguimehe pretdwean lings phere erypers vofb def ect s.

[ 0068] Based .t he.position_data produced fi.ducial mark controller 30,
bnalysi o oM R Por B HouleRe Rt Parrist i fsPBre BRI SHER i ¢ hi n
t he coor djapa{veb susdrRMiRthctdase O A6 €SS ndnlRictuliigtprécess, Bas pebvusiyPpRESi ti on
data fromfiducial mark controller 30, analysis conputer 28 determ nes the
x-y and possnhinthe caseof eisvpscfvmt smahfagiwanalpjoogss Hixampies of godtdigasnadudsy st em
used by t r 0 ine. e e . I.: tem.ay be
ot i nod SRR mFRl R CRET Rulsh R e e B RERRANEL R AR 2°)
di mensi orvobgpgsesletisalyy eindti@dhesrabadtgdacthenghtingf ot dbenbiehiongthctdod. A

di mensi on represents a hei ght of the web, which may be based on the nunber
of coati ¥ Gpatieg May $e gprldie onlyaerEonpeihe oed Watapylior suytislly peveréls.

Mor eover , rLh & I mhterdi e SSi o fi.ned at a
physi cal T Q%?isgn %ICE h{len&vtgﬁe per oc'e%% |9’neé,3 Q]gng]ai @t%@?y%ﬁe@ggi ated with
an initi alnphttadedl acenent of the web 20. The coordinate system defined for

the curr rocess |jne y not be (and is typicall t) the sane
coor di nate[@h%ﬁéf‘gﬂﬁgf %‘FL ary %\91@“8@5008§S fgﬁ BEEGUEnt OEWB%_EQESJ; OgppY MEF t o web
20. [ 0069hsgeBti W skcRRGeq@P@inbRiady GOSRILBh f&8hE GeBT der LnfAL abaRRw3dt he

spatial location’of each anomaly with respect to the coordinate system of
t he procasd1Gi hap indpestiamsysicrmafor e mraskichion lief mry egluds oneoemerarndgocal

anomaly information. That.is,.analysis conputer 28 stores the |ocal anomaly
i nf or mat i SAUPECD HEHCSP O IoeFd it ﬂ&S%/P&PFWWﬁB?%‘EqnﬁH“‘WFY TREMREE20 “ind

posi ti on wdéY Rpidtetsed, d O afdfebranaiebatingdhictippliddiotBaseb3Zhe Asaglescri bed

bel ow, the local anomaly information generated for the cun-ent process line
i s subsedqeawsitipn deueesaichy seaugntstl epepngpf theicortnuoaply meewWng we'b fneltthion
gener at ed;. . o) r I . . e y be

i npl emen'(tjd é%ya}l tﬁrﬂ? ey&a?)/‘? E‘%@?ﬁ%ﬁ"%&gﬁ?ﬁ@E‘%%ﬁ%ﬁﬁé“ﬁ{\%%d&mfgpgﬁ%%rf‘ﬁ"%?or age
file or one or nore database managenent systens (DBMS) executing on one or
nore dat abase servers. The dat abase mamgagenent systens nmay be, for exanpl e,
a relational (RDBMS), hierarchical (HDBMS), nultidi nmensional (NMDBMVS),

obj ect oriented (ODBVMS or OODBMS) or object relational (ORDBMS) database
managenent system As one exanpl e, database 32 is inplenented as a

rel ati onal dat abase provided by SQ ServerTM from M crosoft Corporation.

[ 0070] Once the process has ended, analysis conputer 28 will transmt the
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occurring between two consecutive fiducial marks. That is, analysis
conputer 28 may determ ne that the offset to be applied to anomalies

bet ween fwouedslil4mar ks "38" and "39" is .011 m while tIRETASEASH74069 be
applied to anonalies between fiducial marks "76" and "77" is .008 m 10073]
I n anot her enbodi nent, each process |ine nmay gather the local anonaly data
i ndependently of all other Processes That is, an analysis conputer 28 for
each manugstthms fypiefugnsosalled Jaelt angrdy infeppations Hac gemelydniRrmatam of
fiduci al t to the
coor di nattg%;sgezltegégn%gfq 8?1 E‘% dc%rser&eﬁntag%%logggign\%%tl o&t{ﬁ G?ZHJ?E%MOJ nh%&%ehgﬁtl on

dat a r ecarededllf arclides pdsidercinddrnratiok shaoys spayifiotdhe r:oqardmmsteﬁrlaw $0,%r

conputer 28 transmits this data,to conver.sion tra net wor k
9. Once aaerleratwﬁﬁéi Bp Hreguadnetinn lige eymendlydn us%ofﬁtfa?%fli%?ff %%‘ﬁtvr fs g tem 4 may
reconcil g, ttlonqtfohﬁal&%tﬁ% ﬁgmﬁa%lg@,st%ﬁf’et nﬁ'ﬁuﬁ_@tu?iﬁ%?paln?s’ ortdén bineSt process

may have recorded fiducid mark at a position 27 m along the

| engt h ofproetine bipesaithie the wbsmqmsfmtunirmpihatctﬂm thege praswesthedppl i ed to t he
web may have recorded fiduci mark "38" at 76.038 Li kewi.se, the
subseqyertopPhaage Rty HioEed dudeda riushim it ool g8l

Conver si Q8gisefdrwith &St BBAI4noRY YRR inadidty for B hRrwdth@llf Mk ahe mar k " 38"
measur ed by t he subsequent process by translating the position data to

mat ch 76.102ominfersuiadsshaidtedywith éhef loea tanpmalyfiatrensldtediopr ensewen  Conver si on
control s m. 4 periaorm mlar tr l.atio n. th i.tion
data for (%éﬁe RSP n?e\fn%i”ﬁ poém i mfarrﬁ%th r ] UBéief?eﬁélhttrﬁanu?%?urmgtp%°pe§<§:or d this
anonal y aa@apb@d GhPEEsERtD adll POsh tegmn?@f&%trdn ACTRY ﬂiolﬁgllji infédaeatioalicul at ed

of fset of 0.011 mm_ As discussed abgve, conversion control system4 may use
the sane '6RFgdio hegpings aperpye enanaldniormmipransharectsdamdlienchvikess, or
conver si Y i ction
of 2 wob PR RmaHe) 1R onlSk BEEID o oF eI RIS Bl Slep R T B

mar ks. chtamewerh)pbﬁ7 conver si on control system4 may determ ne that the

of fset be fiduci rks and_"39" fromprocess 5is .011. m while
Che of f saDOat @r?PP?IE&%J[;ZFiu%& Reh g tagigive proce &ﬁlﬁ%&é@gngatwe (98 m
Q her funghipng n{]?BMnQFonsl?&%ny ?eg%&{%tdf%é Yeb E&itzﬁhﬁlr ahbﬁtaﬁlé’st@stoFéhrfoFX anpl e,
conversi on control system 4 defines a coordi nate system or use in

spati al | yubsghsiteréassinheTha cakhoyrawrionnt atd atiaouidiorear idemgificdomomely i lsyst em 4
may apply e e na functions tg Lon data in

Coor o nareaa5ed Bafi S sfRT bEitee RSt Guideh BT L mraU SRR okie
exenpl ar yand gHensenithpasition Hﬂi‘é}‘rﬂi’t&oﬁﬁﬁ’&i@aﬁﬁ%&h@ﬁbe@ﬁ'&' 1b&ioh ®f eheSdnbelag, Web.

In an exenpl ary enbodi rent, the sequence of manufacturi n% processes 50 may

per f or m riibkin gieswen @bt witlarespest td Hedimenspnocsess sheoscluphthadimensian 7 by
passi ng n rnocess |ines
Dy "o b e 1end bRP o AR sBLRNEATe bR AERSARIbCRUBE RS, 6o
may be | ®ialledtcwhdifid’ agd zt;fpelee at eamifpttfoaﬁd\Ufthlﬂghd)ﬂnalli-pmcés@@?(ﬁiltcildih ogtaeral
each of process |lines 74 includes equipnent to perfaorma nunber of

oper at i orEVERVehiplloh&hessbyngsnerafing btset t@ﬁlabygtf@ﬁeﬂpe foyespelbPiihs nunber of

i nspect i qR, QR gﬁ% 4. fThen g, gy be one or nore inspections systens for
each of pr%@eﬁ&fd é?ses srE%tatl vely, there may be certain subset of
process |[008d The lodwtinaloalpotfohasteon geapeotdi duning yist emrous pluduetidnhgocasds of
process |jines 74 have on nor e, product inspectijons 0

exenpl ar f%@a@é%%g BEL bt E%‘e%%%@u%lﬁg‘ t? R EisERContplesy S‘&E“? P(‘ét{er%l@ﬁ?%‘taed in
FIG 3, anyrlly 19fdrrn§t16‘i’é‘ﬁo§19ch@dﬁfe@&{t'pi?ocfeééemﬂ"mé B ERYbLGALNIPRRIQGGESS | ine
74A where the'base filmis first formed in accordance with operation 52A

On this ﬁfmcesﬁlelrﬁmctlwomm 1n1?0rrm§101béromi>h@dtfﬂ:rem@rcmﬁgeecttebb alegnadh i niti al
i nspection 54A, . Oper atj cl ean we eration
526y AP HRRRM S iR e BBy p A S b ey BBET o1 1 °7
may then Jbignh edtﬁmwp@dﬁeecmed%gmgae BYorhd1$ REBErhRdnTF8Ba aiven eRoguUNd into a
roll. 100781 Web roll 7 may subsequently be noved or shipped to process

| i ne 74B,Spatelregiwstiongnay qocus at neringmdwitnedhe everplbawnnigciunng prasesprdoess

| i ne 74B. I ti

enbossed bﬁg‘? etél:%r%a}a &?ﬁt&ﬁe ]?ngt?t%fbﬁg% c?&loBﬁlogE(gl{aa ?B(I)\ﬁ%séf%lféer & fggorﬂrargfd before
being collected into a roll. 100791 Additi onal nanufacturlng processes may
be perforned by subsequent process lines, until web roll 7 is shipped to a
final process line 74Q where web roll 7 is again unwound. As exanpl es,
operation 52N may coat web roll 7 with an opaque adhesive, operation 52P
may uv-cure web roll 7 and lam nate web roll 7 to a liner film where there
is one nore inspection 54M before web roll 7 is rewound into the final form
as web roII 10 Web roII 10 is then ready to be converted |nto products 12.
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frequently inspecting the web, the |local anomaly data captured fromthe

i nspections at each of the process lines can be examned to individually
opti m ze wachowfi4@pocesses 52. This may all ow for i dent iPCIraseeoson7wso t he
causes of defects for expeditious correction. [0081] Moreover, the | ocal
anomaly data captured fromthe inspections at each of the process lines can
| ater be spatially registered to form aggregate anonaly information that
can be usdldhe procgssgnrMerspves spaliabtsgisgati@mpmag g pifermedientiglyh s¢dta anonal y

i nformation - . ) fiu i - »2 based
on hel 1 PO B Bt DB R o e B A e
dependi nghelfpeal dnbenapyr mdhratatiap pbtatat ifem thietpravhicabdy lisal feetiedkly asedtfhethaeb,
sonme of the op ragL?ns performed by processes 52 may act to elimnate,
cover or BYHeYWw ©¢ act to effectively renove or |essen the effect of an
anonal y i9h5H A EHrRY cSh RSN QtsroP Rt 4fagﬁid%ro‘ﬁ€ OF Hofe dAPCtARRLBLY
introduced 1ntoa base material of the web, for exanple, may be

subsequertgorithmy graéthap pe epplidatigs-spgeplid, ed., specifietowedductsnl 2atidseddcomd sone
so-cal | ed hidden anonal i es have |ittle or no i ct on the ultinpte

per f or narFEBGH 4 eV BT P baeh Maturololy ot ST gy Fedrevlied hEF egar o
anonal y iidfaé pRIduE) foraystalck PYeduen Ve Siihe 8 Ay dridima$y Btk defebt hdenfrbdkyt only
the rel evant anomalies fromthe nulti-process production of a web based on
a vari et yproduct.ger wsigncd, pridudi 1BoP- t Feshgppydrsian plon represntselinpdospctng 4 is
an il 1l ust iqn of an _ex |l e odi_nen i stribut b facturing
system 2 %ﬁ%ﬁeﬁsﬁlgﬁ C@xrr%f © lﬁl cf?%q?lgglwn%,rggﬁ@; @Qﬁﬁgﬁﬁggtcggt{\qﬁsy%tg?% '?fzjii n el enments
of the examphthisysttBavdlversidn plangfoe alcb rolthetavih nctaaeh 9 @b thaalppropfitfcact uri ng
plants 6 nay conprise one or nore process |ines 74 having inspection
systens FRHVHHBE jiEssS oprpINSPBVAENS Rewreh RllEingsprogugtad23. | n addition, each
web manuf Il LNst : i : y
conpri so B0t InaE R F ol brokaS! RCEnioRFRATBPLOREkHe HoMCANtao 1972

[ 0083] | nvisiolreasaumidochione nudtipla nsnafjberipe paessicnghd date cdldecraybypeef or m

mul tiple operations on a.web at varioqus tines. For exanple, procegss |ine
74A Ry Hgfr&%mrgm@aﬁﬁ ; %@%@ﬁ%%@%@@%ﬁ@&@&ﬁ f5m L EAMReIg PEat i ons on
web rol | fadiShDfotBd hbdvel colRbte@TanSR8ly Yatd @ragg%dﬂad&@fsﬁaﬁy iSRRG/ or
fiducial markings. Once process liné 74A has finished the Tirst operation,
process limge d&Aalpay voth pesgonfinfpunetdort wppeerftmgithalosetoon df epenaidson aor set
of operatigns otentially using a second set..of . one or nore . coor.di nate
syst ems AHGBI PPAT oA GRerOESY T4t FaTeifiRy b e 58 e JaRbEn 1 e.
agai n pl ageslagéontvBBiont @hiroOfysRhE &nse hll PRCEAEs haRdinidhed oPhiOGeDEs | | ne 74A
may performthe second operation or set of operations on web roll 7. In
thi s way,ngrsedigc rqpessclesaions.ndoreovgr, agredediagd,| sppfeal zagdinadydtepomanbe al | y
perform ) i,.0 j ] e rSi: . roll 7,
Bnd the psed FEGEASRn BERISLE R b chLPu ML DLRR, BUATEERRL WBRURT <ot of
oper at i ongcat anorhsly Spfdtaldnyis tragilsté tedlisd preddimod dasrdmawd dybtetohead #chni ques
descri bed herein. 10084] Each web manufacturing Flant, for instance, web
manuf act GRS drooBhnate st nd wighip Adirg prorste( ot gAY BIhCEBIOFSY) dligdrs, for
| NSt ance o GORRAl AR kYR AL RGO CL 0 ANOhERITYRLC AR OF
dat a. Consold dation server /6A may collect data froma respective anal ysis
conmput er & isfregsteded dbr qubsrjessesoctdsts AgBidddo theavaami welt llconver si on contr ol

system 4. version control system4 _may.collect and store global data
corr espodaifﬁﬁ 5 SHIBPI o [9STRS TR SR 1 (o Tt PTG S ORISRy

i nfor mat i BRerAReh fle7 ABALBHRLR lééh@ﬁﬁédalgﬁ‘ﬁfgfrﬁﬂdn% cb¥er§8e Bortfol kigehial I's. In
one enbodi nent, consolidation servers 76 assign particular "roll nanes" to
each of welse thel first procdsp hamiomibled. difirodiyrewtude comslolatadysiconresaencerdeta76 may
assign roll nanmes to.segnents of. ol.ls 7, 10..1n one di pent,

consal i daiereiEe sePeBIR b RaBU By b nie o VAT IREH B e 1ol 1 s
or segnenhfiaPloc¥eRomaly infrmdtioRr ThaUl@pedRioA e bN@Ber/dmpulial dbwcesany one
web roll 7 may conﬁrise a plurality of various roll nanes, each roll name
cor r esporfdiasiptedwih gpehf eipeqqueimarnasactyringeproeess pppligdito Hrbsdies welindd nent |
consol i dat | ' I oll's 7 but
onl'y 1 denriFieh HTolfE sRBtmPRStAl: Aty ARRRE phRsMiAT S 7,
series of fiducial marks as one of the fiducial marks depicted in FIGS. 5.
10085] In sone enbodi nents, a consolidagyi on server, for instance,
consolidation server 76A, reconciles anomaly information produced at
process lines 74B, for exanple, with the data collected fromthe first
process line, for exanple, process line 74A, prior to comrunication to
conversion control system4. In another enbodi nent, each of consolidation
servers 76A-76N may store |ocal anonmaly information received fromeach of

o o S -— N o - o - . e



[ 0089] Because web rolls 10 are unwound and rewound at process |lines 74,
conversion control system4 nmay identify the direction in which the rol

was traveworgovm4d4he process line in order to facilitat ®CwaISQ@8/00d062 he
data. Direction of the web roll may be determ ned based on anal ysis of the
fiducial marks. In one enbodi ment, for exanple, fiducial marks may be a
sequence of integers which |ncrenent by one for each sequenti al fIdUCIa|
mark; t h@envesigpyoreolsystemsl andtadiusethemepiien dptedert anymesdy esbergdipcabl | (i .

whi ch en rocess) by
analy2|nglmﬁltherrﬁﬁho¥gﬁmgﬁg &hﬁ§&g&§%§ta Hgﬁggagéﬁ%%gggﬁdlng [ 0090]
Once al | mdnufdveurdiat @obmss. hemennemdnaitéreahvemnvmreﬁsmncmm spiters yshaam 4 nmay
transmt the c S|te ma nd a_.conve plan to.server 75 of .converting
system 7810 nsylatysl.nﬁgn@ @0 FOEEa9h 8 B@Pé?a WBERPreeerss- & thinhy ot her
dat a CO”TﬂizEHn%ﬁtallQJ?%heg{Sd%itﬁﬁcdata Néhe TR shodfll gﬂm’orﬁﬁnéﬁ‘ ?&B&thf&n%lﬁ of
converting sites converting sites Converting sites 8 nay
utilize trheudoipos precassp fandictiee schvelt § |C@mb@t®nn¢ilr6dr$o(tlm’n‘akbrasd)mmlousont r ol
system 4 in transfor b rolls Oi t roduct.s 12 1] FI 5A is a
i 2gr am 1FPELY PGt ToerE Rt ettt obhPeRafie TRrbichP ek 6t ray b
printed Qﬁoﬁﬁnﬁwmyﬁﬁo&gkaEd on an individual web. Mre specifically,
fiducial marks are placed at regular intervals throughout the Iength of a
web ( Fl G10960] Gretestaadoptrolsysiceet applichens ar @bteedeéfrcééet@ﬁthmeégw@bms tnthgr der
to accurat 0 nj. quel Ioctlo the web.
As descrialggcf%ﬁeraglgﬁﬁl IHPO ﬁ%l%lﬁtégg{% eie%ét %Il %%f%rageaco Slonlf(an 0 enabl e
el ect r onicacPpash td10N0. d@blﬁivefrsiorbeomtw ws@érﬁ Uymspatdcatdnycftidgisiites Bakedand oaenmbi ned
for multiple unit erations containing various error sources, production
li nes and®éVAR pﬁ@ﬂ\i‘f%tami nHmebelymay, direst e envergerel weheolkilQusiodrodusts s
allow ar 0 | 4Posi tion
of the f|%ﬁgﬁ%/k Cfﬁ% ?mqi%ﬁﬁfa§ﬁ9§%§§§ﬁ§€§%%%Pﬁﬁ&ﬁﬂqﬁk%a}%@%%and ot her

f eat ur es, matdegrcohwurtivg sifesidrdi coravertiny veehrrolls 16 baded puroposemord §@AiLlection an

embodi rent of a fiducial mark as de‘%ﬁo ? §:ln FIG b5A, a fiducial mark has
one or mOREAMIRLJUH ahaRt groduglinyeory gl dhe ‘SﬁélouEB%‘ieﬁH@ W§Pks 82, 84

enabl e a ¢dbtic co'ﬁ?rBsts%ﬁ?@ﬁlaEerﬁE@Hﬂh@% ﬁieﬁeie@ﬁéﬁ ﬁar&ﬁ@tef&oﬁcfh'ag'&rd%fr bar codc
80. Barcodc 80 represents Infofmation provided I n a machi ne-readabl e

f or mat . Bafoatmd@orﬂmssmgfcpd frath cextaofpreduatn tdatetha vanmugwenvateng sifds@ cfromt each
fiduci al Bar de 80 de other. informati.o ch as ,position
|t o mat iR eER SR e iR ETERE Rt tAr s s ety HhS ek on
i denti fi &fited Qhiphh@ 080 ah® trihlipehatidifopiRhk afiasiale@entiadih b€ the c@ﬁ&érﬂﬁ'%t i on of
production lines used or scheduled to be used for manufacturing the web,
routing |&ﬁﬁ@@ﬁé@ﬂbhméﬁfﬁtlﬁﬂlmdﬁs porsties stghe e¢reverilg sithy-ough manuf act uri ng
process | f t he
ey o OER SR, LRGBS LA S DLO LA ETLAT YO 18 L
condi ti orsﬁlppeawmﬁteﬂimglsngs RSB (‘@orESting Kisds BUY; twhidismbpbe gevmngihi @im
processing of the web, and a host of other jnformation. [0093] In one

enmbodi me strlbl&?@ Yitb et TREept e mConVeIHaE SHieset méf@léea@hzvv%h "105iptasicogy

standard., pRo ger in
the r ange %Bgo Qgg%gg?lly?%&g%g%eﬁ%o Sl{r?tg @ 12%‘2 fo?laégﬁgkee%%@ 5 pl aced
on a web lllﬁs drmﬁpkyymily rcut thamvebHer pgisen owb rdill () 0] in'tmhumanokls inidinvidureed shaafdmdl ment ,

b g B e AR, 0 SR BT gy oo
co- pendi ng @r@’é;&a&?lé @&x%hﬁfgds‘?tre S m@ wnx‘ér@ve‘tﬁ%ﬂs 1006f fiRRGRS WBAddA,

Apparatus and Me od for the Automated Marking of Defects on Webs of
Mat eri al stlpfubfqrsulsedl azm@ﬁgvbﬂw%glmng ispstéras. e&yﬂllad(vofptbcirmre@lm‘yeb eRtriglsce in its

entlrety 094 di esen nark |n a

vart ety Srhornap SEm AR TEE b BTl SRRSSGR vias AEhRinatio) Tad

bar code, @tea&(ba}apﬁ@aﬁm Widus©Mers X AGANSFcliREAER 11T pmaemonv@ﬁlﬂmeﬁgl cally
encoded. Furthernore, other enbodinents may apply fiducial marks to a web
usi ng i nk®t bgeapableed recervang differont tynes O%\Vetbsollgé@mridrﬁ@cm@@wgﬁmawte m@yel s to
the web. O her neans of representing a fiducial mark, as well as other
application nethods, may al so be used. Further, fiducial mar ks need not be
iterating nor periodically spaced, as fiducial marks nmerely serve as a
reference point for anomalies; iteratimpg fiducial marks is nerely a
conveni ent way of producing fiducial marks. 100951 In general, fiducial

mar ks are used to conbine electronic data of anomalies recorded from
various inspections. During a first manufacturing process, fiducial marks
may al ready be present on the web, preferably near the edge of the web
out5|de of the salable product If fldu0|al narks are not present, the
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produce different products 12 depending on the location of the converting site and the
particular needs of customers 14.

[0062] The use of spatially registered anomaly information that spans multiple
manufacturing processes for a single web may provide many advantages, such as
significantly enhanced process quality analysis and control, defective product
containment, increased utilization of the web, reduced cost, increase revenue or profit and
a variety of other potential benefits. For example, it may be possible to maintain
registration of defect position within 0-5 mm or preferably within 0—2 mm throughout the
entire production process. As another example, it may be possible to identify waste-by-
cause for each sub-process. Furthermore, the gathered data may prove useful in
optimizing parts combined from different operations. It may also be possible to
automatically reject defective parts even if the defect is undetectable in the final product.
[0063] FIG. 2 is a block diagram illustrating an exemplary embodiment of one process
line in an exemplary embodiment of web manufacturing plant 6A of FIG. 1. In the
exemplary embodiment, a segment of a web 20 is positioned between two support rolls 22,
24. Image acquisition devices 26A—26N (“image acquisition devices 26”) are positioned
in close proximity to the continuously moving web 20. Image acquisition devices 26 scan
sequential portions of the continuously moving web 20 to obtain image data. Acquisition
computers 27 collect image data from image acquisition devices 26, and transmit the
image data to analysis computer 28 for preliminary analysis.

[0064] Image acquisition devices 26 may be conventional imaging devices that are
capable of reading a sequential portion of the moving web 20 and providing output in the
form of a digital data stream. As shown in FIG. 2, imaging devices 26 may be cameras
that directly provide a digital data stream or an analog camera with an additional analog to
digital converter. Other sensors, such as, for example, laser scanners may be utilized as
the imaging acquisition device. A sequential 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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Year Y 1 Day of Year DDD 3 Six Digit ldentifier 1414141## 6 [0097] The
system | Ds may be divided anong manufacturing plants 6. For exanple, the
system | Ds¥Ocowwd493e di stributed as shown in Table 2 bel @@I/UR2BH7E@69

include laser scanners from Surface Inspection Systems GmbH (Munich, Germany) in
conjunction with an analog to digital converter.

[0065] The image may be optionally acquired through the utilization of optic assemblies
that assist in the procurement of the image. The assemblies may be either part of a camera,
or may be separate from the camera. Optic assemblies utilize reflected light, transmitted
light, or transflected light during the imaging process. Reflected light, for example, is
often suitable for the detection of defects caused by web surface deformations, such as
surface scratches.

[0066] Fiducial mark controller 30 controls fiducial mark reader 29 to collect roll and
position information from web 20. For example, fiducial mark controller may include one
or more photo-optic sensors for reading bar codes or other indicia from web 20. In
addition, fiducial mark controller 30 may receive position signals from one or more high-
precision encoders engaged with web 20 and/or rollers 22, 24. Based on the position
signals, fiducial mark controller 30 determines position information for each detected
fiducial mark. For example, fiducial mark controller 30 may produce position information
locating each detected fiducial mark within a coordinate system applied to the process
line. Alternatively, analysis computer 28 may place each of the detected fiducial marks
within the coordinate system based on the position data received from fiducial mark
controller 30. In this case, the position data provided by fiducial mark controller 30 may
represent distances between each fiducial mark in a dimension along the length of web 20.
In either case, fiducial mark controller 30 communicates the roll and position information
to analysis computer 28.

[0067] Analysis computer 28 processes image streams from acquisition computers 27.
Analysis computer 28 processes the digital information with one or more initial algorithms
to generate local anomaly information that identifies any regions of web 20 containing
anomalies that may ultimately qualify as defects. For each identified anomaly, analysis
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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[0068] Based the position data produced by fiducial mark controller 30, analysis computer
28 determines the spatial position of each anomaly within the coordinate system of the
process line. That is, based on the position data from fiducial mark controller 30, analysis
computer 28 determines the x-y and possibly z position for each anomaly within the
coordinate system used by the current process line. For example, a coordinate system may
be defined such that the x dimension represents a distance across web 20, a y dimension
represents a distance along a length of the web, an the z dimension represents a height of
the web, which may be based on the number of coatings, materials or other layers
previously applied to the web. Moreover, an origin for the x, y, z coordinate system may
be defined at a physical location within the process line, and is typically associated with an
initial feed placement of the web 20. The coordinate system defined for the current
process line may not be (and is typically not) the same coordinate system for any previous
or subsequent processes applied to web 20.

[0069] In any case, analysis computer 28 records in database 32 the spatial location of
cach anomaly with respect to the coordinate system of the process line, this information
being referred to herein as local anomaly information. That is, analysis computer 28
stores the local anomaly information for web 20, including roll information for the web 20
and position information for each anomaly, within database 32. As described below, the
local anomaly information generated for the current process line is subsequently spatially
registered with local anomaly information generated by the other process lines for the
same web. Database 32 may be implemented in any of a number of different forms
including a data storage file or one or more database management systems (DBMS)
executing on one or more database servers. The database management systems may be,
for example, a relational (RDBMS), hierarchical (HDBMS), multidimensional (MDBMY),
object oriented (ODBMS or OODBMS) or object 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
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analysis. For example, the information may be communicated by way of a database
synchronization between database 32 and conversion control system 4.

[0071] Spatial registration of anomaly data can be performed subsequently at conversion
control system 4, either after one or more processes or once all processes have finished.
Alternatively, analysis computer 28 may perform the spatial registration. For example, in
such an embodiment, conversion control system 4 may communicate through network 9
with analysis computer 28 to inform analysis computer 28 of a coordinate system that is to
be used for reconciled anomaly data. In this case, analysis computer 28 may spatially
register position local anomaly data for web 20, which is typically based on a coordinate
system of the current process line, with the representative coordinate system specified by
conversion control system. Conversion control system 4 may select the representative
coordinate system that is to be used for spatial registration based on a coordinate system
associated with the first manufacturing process line applied to web 20. Alternatively,
coordinate system of any other process line used or scheduled to be used for web 20 may
be selected. Moreover, conversion control system 4 may define a coordinate system
different from any of the coordinate systems associated with the product lines.

[0072] As an example, a first manufacturing process may have recorded fiducial mark
“38” at a position of 76.027 meters (m) along the length of web 20. The current process,
however, may record fiducial mark “38” at 76.038 m, an offset of .011 m. Analysis
computer 28 (or optionally conversion control system 4 or some other centralized
computing device) may adjust measurements of position data for the current process to
align the position data with position data from the first process. That is, from the example
above, analysis computer 28 may translate the position data for the detected fiducial mark
“38” to match the position 76.027 m within the first process. Likewise, if analysis
computer 28 detects an anomaly at position 76.592 m, analysis computer 28 applied a
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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FilmLam nation 100981 The use of nulti-tiered barcodes may provide
several advantages. For exanple, nulti-tiered barcodes are conpatible with
readers owei200ad4940 read only a single tiered barcode (@CF/US2008@70069 by
simply utilizing nmultiple readers. Likewise, this nulti-tiered barcode may
enconpass all information needed to uniquely identify all processes and
specific systens across an entire_ manufacturing chain of operations.
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comuni cates data to anal ysis conputer 28 over a conmputer network using

net wor ked sockets or other network comruni cation protocols. Qher suitable
means forwoanmmiusat i ng data may al so be used. 100103] FIPGI/UR2008/0200d% agr am

illustrating an exanple web 92 and exanpl e changes the web may experience,

including the initial introduction of anomalies, followed by the subsequent
i ntroduction of new anomalies and nasking of sonme of the previous

anomal i ed007H Kl 3 issacblppl dlagmmpblystrainggn eraepapeaugics§f npnsciisidgent i al
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different plant, as depicted th respect to FIGS. 1, 3.7100104] As" shown in
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process q0B78)avch Rl PHAGRIbR(SEERHE BBedVr sRIPPERIoI R6cBSBne 4B Uit web t he
initial anomalies 95A is still detectable, wth the remaining portion being

hi dden f rieth7tihthenpapennd &y fesdsncaintp B prasass linst 14B. dg thys exaspleggrration
52D imparts web roll 7 with an embossed pattern and then 7 an inspection operation 54C
is performed before being collected into a roll.
[0079] Additional manufacturing processes may be performed by subsequent process
lines, until web roll 7 is shipped to a final process line 74Q, where web roll 7 is again
unwound. As examples, operation 52N may coat 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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[ 00107] Next, web 92 is wound into two rolls (A69844 and A69843) for
processing by a third manufacturing process 90C. In this process, web 92 is
unwound fwOrmeada4w0l | s and fed t hrough manufacturing pr®CEAS2@8870089 t he
original direction used during the first manufacturing process 90A. As
shown, manufacturing process 90C has introduced a third set of anonalies
95C. A subset of the anomalies 95A, 95C arc detectable, with the other
anonal | edTHRERE WARRGERE fcorsh His Iperd ﬁé@‘tliﬂémia?ﬁp@ﬁ%d e thausRRetions #g proocess

90C. [00 of

pr ocesse;egg%gp%g%%cftre\gseﬁ%ggt?a?F% rgéﬁ]{g)tdégg u3nd %%Sg?éﬁ%&%g é’?gsrE m

aggr egat eTanophifod ddraide@divposn b thoepused ofidnfedtn fir dpedidgissbaratbndat a.

Regi stere ta may b onsi dered data corresponding .o a co segnent of
web roll [3 ?ﬁ&ﬁ?@omr thailpg a%maﬁmeféscg@greﬂﬁomleﬁmcvw AR 914ha | gned to
wi thin an,aceephalhg latt&lt?er Qﬁf(ﬁl r-E Rberd Sto fgﬁﬁg%%}g%ﬁé %&&lfﬁlfghﬁitﬁh%t _

processes 74 is correctly sso ated with su tially the sanme physi cal

| ocat i onscanhetube foeb waty jof ptutpesac deptedmhmbe,tthd ggiwgaee an'bmaéy gdormatioe
conposite i on control stem 4 chr.oni ze the
ocal andHary caubisS DAL EREE bEb SHRSTE ST Rdanrb et TR & or
det ect ed tanevELI BSfeS inBklendPrdd@sist TRk idadcpeddifig it the grfiuad ap@ﬁéd%ﬁ)n% read
during each of the processes, to a speci fied to% erance, i.e. a degree of
accur acy.uligmptchsctrstpdder G Weabcmgf 9p¢fétlorfsmerfeﬁa¢ﬁplpxepr0©¢ssc&1%2 weyeet of
02nmAsnrdder ma I h|n5rrmA
regi st rattlo gn%% coverg)ut%glleg\xens% %gt ngctlveéYy r%%’g g lbegl ad eef‘fecWo%

consi der ezﬁlonwyrlagb@aoed«bgl PRedausscat tie Ihbgéss@egsrrezﬁm@ialﬁrnmﬂuceﬁanﬁ)rwm in
FIG 7, the exenpl ar osite map 94 jincludes all of the anomalies 95
det ect ed t3ye MRETRhS h@:w nfos GXnae, Tdr batubsgsiugpibs cavsragigy: @gtings applied

[ 00109] Cqgppsy BRdRG dto
accept gﬁ rej e%t an |ﬁ1§ gog&r%ob%aglrg %gﬁe%?mﬂ%gé Wen%@ﬁ%@fng %{Ebgl web
into fi nithheﬁnm@phjﬁjrman@owfnbseﬂcbpmdlpnt94Thmyseaifspatiaﬁymsgsierted aggilegatti vel y
optim ze each vi dual of the manufacturin roces 0110]As an
exanpl e, %npmalmegor%mq By aB@W&OﬁYﬁfﬁP%aO%mié%t?m Pﬂ%anﬂ% g[??o‘l M§icausi ng
a defect jyB¥hahs fbmehd ﬁﬁﬁ%&%c&s%@@du%o&@f‘éj%ﬁ bé(s%d%ﬁtae\fah@iy SaH§bRY a short.
In a later process, the board nay be coated with an opaque dielectric which
makes t henghding thomappliegtiombckecteBy | nspecting this web once after the process

of printi nducwe mat.erial , but . b at I n web with the
"t at orl 00841 Ty sl Fasiod Seh 5 Rprapig P b o R st i <
shorted rggiu@t@ing fYteneDsitdbvid int@GAef Sﬁéc[ﬁ/&llﬁ\ﬁ(&. 4 'agugtla thd car@inn¥meAsSi bl e
to detect the anomaly in the final form of e web due to the opaque,

i nsul at i rid teoarampde syAtvot RKr. 19n gidater deted mplaeh ﬂ%\yelb@awfactnatlgm plantsifamay short
the cond%%h{p\ﬁg\g g?én &1 Jlngll[ éj%ée% fes A ﬂa%ﬁl&lﬁs Ll s sFe ﬂ §’1E h‘?taltsnake

remal n open |Cat|0n n opa |CV\D
the "openis showe i FIGS)QeaindGt EIb lagditibulecatiowich lenﬁ&b@@hg@[ﬁnb&ﬁﬂi’n@tah&t@ web

application of the dielectric, this defect nmay be discovered, and the
def ect | vénﬁwé%alé%ngﬂéﬁlﬁ\ﬁé*d DAY SIS B SBNSObFatiogrier.dof HSRcHEPISPEAYIN bef or e
a delivery r‘;ng dX made to a custoner. [00111]FIGS. 8A and 8B illustrate
exenpl ary enbodi nents the functional operations and data conmuni cations
per f or med0083]Hinsommhembetiinomks, e sinigteorroemssing li(lE I743ma31)pevﬁ)ﬁn nodtislolopdatiomsg and
spatiall yonrae Iebs Eltevralrlrol S t?rrrllgsnall: 3/r eg(g}rlla)'lef Ir)l%rcrz]esas h%e %4% ma be con 1IgI11]rce rtg Bgrforrn 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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manuf acturing process. In FIGS 8A and 8B, the first manufacturing process
(Unit Process #1) records data relative to its own |ocal coordinate system
That is, WO200p018940st process determ nes that fiducial ®PETRIS2008870069 s at
11,367.885 m the first process will record fiducial mark "7684" at
11367.885 m Likewise, if the first process determnes that there is an
anomaly after mark "7684" at position 11,368.265 m the first process wll
record arndiismayy? seglposacessdinc: e 23m8eess tingn/4A) ¢addpetentlly pepfemplly st

manuf act yJ.i r : r.di t j.ned by
B e L S L o Gy iR e
process ifastrsef ef greetnt andithprsecahd fseteEthpemoinl ceatle spysdiBmegictetdiat al |

processes are autamatically spatially synchronized. [00112]1n the exanple
of FIG &AM M@%@@W@Hﬁ%@&@?%&@ process N applies its own
coor di nat|goeH St LA wbIRARIENAl %t%ﬁl&an\é&%klbrrﬁﬁﬁiﬁ@uﬁ%eplﬁﬁt%! Y im;‘r ;S

and the positions assocl ated th the fiducial marks and anomal’i e
manner siaonipaise boe othmorerronsadidaporosesss, fhloinstaeee, cotvelidationi sarviehi’eA forhi s

information i.s recorded w t.hin ese subseguent facturin rocesses
ecor i SOUFRarEA oM HEh PRI A o R R ERY BB el B s ces
record t hesgdtatdada sifcohipdtis D8 lof BRINKST pRitds @B GIRLT 45 tdiyarRRIH t¥icBBvasion
transformati on function to adjust the neasured di stances based on the data
obt ai ned donted ynem hi Coricryenewdrol sysham 4ineay qobleefaind gipseglobaltdatpanuf act uri ng
processes. regi ster position ta ransf.ormn he paosition data, fromthe
oor i nac@rS P e P SRO A IER B R Rt B p G R BB B Bp o o
the i nitiagbrighecasmalyAsformptidrsfor @ichadfahy fills. CoOMUERBoRBehtOEorisbRdBiohs equent
manuf acturing process N uses position data read during the current

manuf act BETVSE %}%ﬁé@ggﬁamwakar weall nagaesy 1 qachof pgkirelisoh laapathenembeimsntye

fiduci al i t.Qu; I

coor di nat Sy St fyl GEBE Blay Rl Rl AERE o SO TR 10 e 1001137 A
vari ety aimbodanaftocomsdlidanoh serets G nayeassdagatel s bnankesrwidxparpédar estolls on dat a

for the current mapufacturing process N nay ransfornmed with_respect to
ei ther a YIBHAMHPFWER o1 ad BBt Gr D e s vt hatbt ont Ee wiip mlg7 8, or an
of f set Caéoﬁ{yri@&sghfraity%@%ﬁﬁﬁgaﬁﬂamei edchveh Iﬁﬁfe%ﬁ@sﬂo%iﬁlfg'tgﬁgﬁﬁéreﬂfar ks. For

exanpl e, the respective analysis conputer nmay process the position data for
t he rel eviaodess lige4.aln yearkasherrethbddineenti qoesallvatiomsereérs §6tdombt asB@A amy shoul d

be applied,to position . data for .anomaligs ected between.fiducial marks
T3 ong Toy RmBE R PRe 2ady o8 i858 BB e AR R el o aat &
for anomekh@pledet@tds @t flaatinenrkt hbed ot themdkSal Merks agsicted in F1G3. er
techni ques, such as linear interpolation or >a(tfpp_l ication of linear scale

a

fact ors, [A8851da sapplcmbadimaper] 2 4pmslidatesiiseves ampsiance, kensplidatonpgryef act ur i ng

process r d fi i 61" i L 3 ; uent
mant act e og bt hrolBiton fboudl BRTcb I 2 iipe iy JHEPER T
"61" at Idhd Bectdl fidm O ffis@tpredess Bie3 fanexdples plas e impt74mapudaet uri ng
process N, according to an enbodinent as illustrated in FIG 8A my adjust
i ts dat a REBBHUSAHIGN O EQNVCEQSY ePnfiolsistea 4l other embedimanh gagh elsent  at

| ocati on : a I r . i

operati onC%#gg}%gﬁos%%ég%} ggﬁﬂdzquh%ﬁ%gpggﬁglﬁaa ?}S@l g(%}glgﬁ glg%gg {t.&g?t&tom]ésatcp i duci al
mar k to roffpraess tidvs§4ofifloat regsstrasdi;.cofroarsiex aoptad systémtdheayssibsepaethy uni t

operati on detect n anomal y at .112.487 m _anal ysis conputer may utilize
the of f seellgftth @sglﬁnpwa&?rpﬁgwatl%ﬁa@sqaﬁb bherol o WSJ%Ar_églgraH?{ng t he
anonmal y gbcdaefé hil 8Ptht HatadAfbriRlly WA eddverdidt SontRNGRIom 3EN 1M&MMARE Ur i NG
process will have produced spa%, d | ocal anomaly data that is

ially registere
based on farmermmpogitsonal. nlatyst syatherembad meentaonsaidatiomsersdroli., ifer t he exanpl e
of FIG 8B, conversion cogtrfl ﬁésten14 may aﬁggﬁyéiqilar t%Ch”i@%ﬁ to
spati al | Y FEgIsPEY THE CARSHSIY™ HEFHCOM RSN RBY O HEE™ TBRIdrdP S7FolE r ol
syst em 4 greyiteGRl la@6thalyeforRe@In @hermddfodat@band store the data as aggregate
anomaly data for the web. Conversion control system4 then forns a

conposi t 40884 Isiesaicranplneconyefsiog soptreliyptam;e@ay gehet 4id raeaalydether ed from
each manuf [ r , e, utili zi wort f tion.

That is,%ggﬁgePg?%gggéﬁfﬁgqR%&g{%%?26%%@d%ggb%%&%%hg%%%@ngg?mgmgértain
position on the conposite map if any one of the processes have recorded
that an anomaly is present at that posigion to within an acceptabl e degree
of accuracy as descri bed



in greater detail below Conversion control system4 nmay al so categorize
the anomaly by class. The conposite map can be used later to determ ne

whet her awoeneditm4anomaly in a certain position will can€e/s2esiewsdin a
certain product. [00116]FIG 8B illustrates another enbodi nent in which
spatial registration is perforned centrally, e.g., within conversion
control system4. In this enbodi nent, each individual manufacturing grocess

defi nes #REVHEPBECarELSYHER ONpy esaicdndisdat wlich descrippnthejcgternsd iqcatigolat a
t her ed ' i pdi yi f ACEME | he physi cal
Pocati on i ePfRcleh QSp YIEUGL, ST Y Ao RE 8RR MiRaBEGL 0O, PV} £2

i ndi vi duadonsdnlatdomsdrecrs 6); eonveffidrecoradol syterh Henaydlawst act the nietpdptagoess have
finished, or optional as positign data is receiyved fromthe. manufacturing
pr ocessesc,on%lrig%frz‘%g}go?lfJ g%?rP ea§5§? ‘é‘?ﬁsﬂfl‘gadj%é?fsye’fsﬂé BB PR Y Om all |
of the opgapi ons according to a common coordinate system and used to

generate a conposite map. The conposite map may conprise all previously
recor ded [6087F Inna czimigk slatomayl briginetesyen e prode@0ink7 ¢ Asprancse kiaah 4, ofan

anal ysis computer 28 for firs nuf ac in rocess, may record.fiducial
k.~ 61 PSR dr e g <5153 §Am AR P APALD TS KRS SR Poer L 26
associ at aflap\idsbriice b PERRRIYES proditef ¢ WhidhnBe PArEERaSwchRWEMETs intdRded! gger d t he
posi tion of fiducial mark 6pl at 112.356 m an offset of .013 m The
subsequeritenidivn frag dsoiunglushodersy thapastiellargyetoroin Oenbodi ment as ill ustrat ed
in FIG record fiducial rk 61’ as, bein resent .at,112. 356 m At
sore t1 naPilar SSRGS R o e PRI 0t fe MBI 2Bl o ihBsitRe map

i n whi ch deheldlly,dh a g@mbinaidn’ of defihed séqlietcordf ptdetsShdesWhitlakpdrgeiteit 0 account
the .013 maoffset, and accordingly adjusting all position data,. rezgar di ng
def ect s dR¥NiEHRdNS RAEtisEMGHbIlING - fHoa geanaple rpicegre mapbe pxassp line T4A ethe
subseque I-QC r . ersion control
system 4']}\/1\? I69‘r’§?:0§re%§qﬁﬁe %gosf?)?%ngﬁeg&%/%rggeg%éﬁ%?%éaogb%ﬁgﬁm m according to
t he of f sD082] Becads® web rdlls ¢0 natunweluyid aad scvaduad faaipiooess timys e cosedsions

di scussed in detail below .I.n any case, canversion control system 4
utilizes QEPHYPETCHBIY il‘#&fl@’ %ersm%a shidh e de L¥2pBaTingPndat BOFeY
fiducial |[RMKSrRPEH ABRIRL hRuck 8f iH&lad] THH&H6R BF HeRAliof YSdyeH8 diGined
generating the conposite map. Conversion control system 4 may furthernore
gener at e habal @oapbsisd thapddadmarke ldama cgiotienad, Hr ommpde Hidoriebmexksby
utilizing_ an "or" functi.gn. That . i.s, conversi conptrol m4 w.ll
record almanBHATSIUH R SERE HDISBITPERANGY T e OB oS RSr B one of
t he manuftagd i iahBePoLGEIS $C8ctbiRvife HREGIHH tHRlh RN (RBOWRIK dnd oPFRSBNt at

t hat position. WO 2009/ 014940PCT/ US2008/ 070069 [00118LThe t echni ques
descr i bedvasdeefirst g theemapirqtedng proesse) omalyingawhether to¢ fiflucialaparks wgt  woul d
prevent Wyt ion fromnultiple manufacturing processes from

bei ng usgageé@%rygdé@ae%@ﬁlgposi tion data relative to | ocal process coordinate
systens Jo0%0]aded diyofekd ¢itinhis en resscilallcéhvasidnodcatiobsiateneNengeraasidhgaged

with a noving web, may differ fromeach other. However, differences in

posi ti on tBAEAMPISHRNHIPFANE RSREVIFBIRN PO SPINET b Ffcoseading pysted /S onich aaby esul t
of differ ! qrﬁnf of atial
changes ilﬁﬂl ﬁge E{r]% gdglts f%?tﬁgogc?) FoPr) So\é%g Hﬁeef Q%Irl Sgrgglgli‘[ﬁncgﬁoé\sﬁﬁg‘%o%%l; W

t ranspor tratls dhmay aishigpedytoamd of epmactgsiitey SAFSNebeonvayingaiise’’)he webs to

stretch during. the I tipl. nuf act uri n rocesses. .[00119] The differences
in posit i GHVAES SHet Wﬂ_@ﬁ%eﬂ}wﬁ& Bt §01&‘aq1a8_1£%l§8 YEIHMon of
web eventc%ntr§f~’5§/|§t_eﬁ‘§4 ﬁf‘t?ﬁﬁfdrﬁ?nga@@b fekastisto p'i’&ﬁr%’eér@d in one coordinate
systemto effectively "drift" relative to another coordi nate systemas a

web is trl@0¥kIdAEH SA isea diagrach tllnstoatgly onhembadinfeac ol exgmplotdwsal nark gwtre
case, positional differences.in excess of 0.75% have bee bserved. In a
yet en wbeb i) o ShENE piBeER S ER e i P8 AP Pl R cncos
woul d r estrks bie Racdll %ﬁfe%ﬁl%ﬁ fier0hls UftonpHoat ik gerpl 6£LNWES (AT 9)) pRiferabl

subsequent fiducial mar That is, the "drift" caused by systemdifferences
acr oss urfiutsigpelrthe padetde augn of wuyed, imorgdpsielageuratslplosite pamaniqeely edostifipa t o

14 : ol abili . ' . N . ¢
the most THYSEHTOHLh SR BbE Db LB Rrrt e AR R Bl UG fleRhSEe MO
applied to spatially register
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anomaly information produced by web inspection systens at each of the

manuf acturing process. For exanple, one technique to correct this

uncert ai W9 20091accuracy i s a positional correction meChasusiongesa | i near
transformation. In one enbodi nent, as discussed with respect to FIG SA,
after the initial manufacturing process, each subsequent manufacturing
process may performlinear transformations to register position data for

det ect ed M#bni rable aleetrapistnesition AP e Atcurgclyspttialyiregigterdand epmbiled as
conver si f . . ' t . [ al |

Gar e [ 00 To T ACtnE YA coREhl AhichiErrh! s IANRER AL AR 0GB o
fol | ows: rhatufidaeidg plsits.uhi dtharoadsshe fidicidEnarkbaldwe rendastorledr gasdittahdn of
fiducial mark n and l.et D = EP"- "A.. For the proces ei ng adjusted, |et
P" be thée?%§§UP@deBB§? fotnPaTIe] eier 4y lrrraar#&ané?tﬁ%%g Rowprs Pcfudiier ¢ he
scal i ng f@%wde(aﬁglbt@?fea%&s,gt&r s BF indFeiMhady sEivBr fiRh fpiﬁédos@s. > 1. For an

anomaly j, itnitially nmeasured in position |IP, between uctal marks k and

k+1, thd0023]Ustednmbodimdntnf ARHudisl drk b3 defiPlel irt FBF 53, adidacikmatknhast her

wor ds, the di stances,.between_.t fiducia rks k and.k orjgi nal l
e aur eq U MO EERRERRS Yy Wl ud R P TRalu RS EE, EReRblH DoLeYl i ng
fact or SHiRRRE hfakiErch@erlth @RI WG 16428tk posifiBA KB bitcatBOKHarcoddeodi st ance

bet ween any anonmaly and the fiducial mark after which the anomaly occurred
i s scal edcprgsdnits infdimation gewvidsdon dinrghiacggatabln fagadir Bargde 80 nie, ®eal i ng

factor as ri be bove. . 221 Tabl c res th ifferen et ween
oTh o PR bRpe F s idQRRPEHT BRI el P HRAE PRy e 0 el REE oY 1

| i near t rinfosiatis kidastgositioapibirtstion weal dmgcdardinafe sgstethiBedissesd above. In
Table 3, the "distance from mark"” neasurenent is the difference between the
mar k posiAPPhingihe masl avdentifispErithoiyed tonwhich tha rathag beenedpbedsi s t he

di fferencg] e vdi " .

pr ocessed SRR priticylh hARE bl ARLERLK . AR IR T Al 2

si npl e ofrbstéig infsiatiow definiag e vsac Yorcanwelathrowgihgnadufoamtngyprecdsk liaesraxi num

di screpancy, of 13 However, the |inear. transformtion. and pl.i.cati on of
a scal | nganfi@ewuﬁ%rwﬁm, IRt Adeeidy AR RSP RAPDLST B B Rt Thoul d

ot her W s & i &S tarda’ FATHARBY, I FrdiRRerf BnditibR Bl fSuring Y Frodess, Process #1
Coordi nate System Process #N Coordi nate System

instructions for downstream processing of the web, and a host of other information.

[0093] In one embodiment, barcode 80 may conform to the interleaved ‘2 of 57
symbology standard. In one embodiment, barcode 80 may represent a simple integer in
the range from 0 to 999,999. In one embodiment, each fiducial mark placed on a web is
one greater than the previous fiducial mark. In one embodiment, fiducial marks may be
applied to a web using an inkjet printer. The process of placing fiducial marks on a web is
described in further detail in co-pending application Floeder et al., U.S. App. No.
2005/0232475, Apparatus and Method for the Automated Marking of Defects on Webs of
Material (published 2005), which is hereby incorporated by reference in its entirety.
[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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Consolidation Error Fid. Mark Label Fid. Mark Position Event Position Dist.
From Mark Fid. Mark Position
WO 2009/014940 PCT/US2008/070069

periodically spaced, as fiducial marks merely serve as a reference point for anomalies;
iterating fiducial marks is merely a convenient way of producing fiducial marks.

[0095] In general, fiducial marks are used to combine electronic data of anomalies
recorded from various inspections. During a first manufacturing process, fiducial marks
may already be present on the web, preferably near the edge of the web outside of the
salable product. If fiducial marks are not present, the first manufacturing process applied
to the web should apply fiducial marks, e.g., at regular intervals along the edge of the web.
In one embodiment, each fiducial mark represents an integer one unit greater than the
previous fiducial mark. In one embodiment, fiducial marks are recorded on the web
approximately two meters apart. Precise distance may not be required between fiducial
marks, as fiducial marks serve as a relative indicator of position.

[0096] FIG. 5B depicts another example embodiment of a fiducial mark. In this
embodiment, the fiducial mark comprises two locating marks 82, 84 which are
substantially similar in purpose and function as those depicted in FIG. 5A. However,
barcode 81 of FIG. 5B is substantially different from barcode 80 of FIG. 5A and is
represented as a compound fiducial mark that includes a barcode 81 having a first mark to
represent manufacturing data and a second mark to uniquely identify the fiducial mark.
Specifically, in this example, barcode 81 comprises twelve digits of information in the
interleaved 2 of 5 format, six digits in each of an upper tier and a lower tier. Although
discussed with respect to the interleaved 2 of 5 format, other barcode formats may be used
as well. In this example, the lower tier digits form a simple integer in the range from 0 to
999,999. The upper tier comprises three pieces of information, a system identifier (ID)
indicating the manufacturing process line that applied the fiducial mark and a date
represented as day and year indicating when the fiducial mark was applied. The upper tier
digits may be arranged as SSYDDD, and the lower tier digits may be arranged as a six
digit integer ######. The contents of exemplary barcode 81 are summarized in Table 1

below.
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Event Position Dist. From Mark Sinple O fset Linear Correction 96855
132. 687 132.991 0. 304

WO 2009/014940 PCT/US2008/070069
Table 1
Description [Representation |# of Digits
System ID SS 2
Year Y 1
Day of Year DDD 3
Six Digit Identifier HHHHHEH 6

[0097] The system IDs may be divided among manufacturing plants 6. For example, the

system IDs could be distributed as shown in Table 2 below.

Table 2

System ID Plant Description
00-04 Plant 6A Plastic Film
05-09 Plant 6B Adhesive Coating
10-19 Plant 6C Abrasive Products
20-29 Plant 6D Metal Coating
30-79 RESERVED RESERVED
80-99 Plant 6N Film Lamination

[0098] The use of multi-tiered barcodes may provide several advantages. For example,
multi-tiered barcodes are compatible with readers designed to read only a single tiered
barcode (e.g., FIG. 6) by simply utilizing multiple readers. Likewise, this multi-tiered
barcode may encompass all information needed to uniquely identify all processes and
specific systems across an entire manufacturing chain of operations. Fiducial marks from
different processes may be applied to the same web without any loss of information or
creating ambiguities. One exemplary method for inserting fiducial marks one a moving
web is discussed below with respect to FIG. 15.

[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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[00100] Fiducial mark controller 30 receives signals from fiducial sensors 86A and
86B and activates bar code scanning upon detecting both locating marks 82, 84 of a
fiducial mark either simultaneously or within a predefined time period, e¢.g., 0 — 10
milliseconds. In this manner, fiducial sensors 86A and 86B are used to determine when
the barcode is within a read zone associated with barcode reader 85. Fiducial sensors 86A
and 86B may be photo-optic sensors accompanied by focusing optics. In one
embodiment, fiducial locators 82, 84 are printed or otherwise placed at a predefined width
W apart on the web, and fiducial sensors 86A and 86B are mounted on the frame of
fiducial mark reader at the width W apart in order to substantially simultaneously detect
both locating marks 82, 84. In one example, the width W is selected to be 100 mm.
[00101] When both sensors 86A and 86B detect a corresponding locating mark,
fiducial mark controller 30 activates light source 88 in order to read barcode 80 of the
fiducial mark. In some embodiments, light source 88 may remain lit at all times. In other
embodiments, light source 88 may be illuminated only when both fiducial sensors 86A,
86B detect locating marks substantially simultancously. In one embodiment, when both
fiducial sensors 86A and 86B detect locating marks 82, 84, barcode reader 85 captures an
image of barcode 80 rather than processing the image data to read the bar code in real-
time. Fiducial mark controller 30 may store the image in database 32, and image data
representative of the captured barcode 80 may be read and interpreted at some later time.
In another embodiment, fiducial mark controller 30 directs barcode reader 85 to capture an
image of barcode 80 for processing in real-time to read the barcode. That is, barcode
reader 85 may extract the data from the image of barcode 80 and analyze the image data to
determine the machine-readable information contained therein.

[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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communicates data to analysis computer 28 over a computer network using networked
sockets or other network communication protocols. Other suitable means for
communicating data may also be used.

[00103] FIG. 7 is a diagram illustrating an example web 92 and example changes
the web may experience, including the initial introduction of anomalies, followed by the
subsequent introduction of new anomalies and masking of some of the previous
anomalies. In this example, a web is manufactured using three sequential manufacturing
processes 90A, 90B and 90C corresponding, potentially, to three different production
lines. In order to properly manufacture the web, the web may need to be transferred
between multiple process lines 74 to reach the correct processes 90A-90C in the correct
order. This transferring may include winding the web into a roll and moving it to a
different process line in the same manufacturing plant or even shipping it to a different
plant, as depicted with respect to FIGS. 1, 3.

[00104] As shown in FIG. 7, each of manufacturing processes 90A-90C may
introduce its own anomalies into web 92. Furthermore, each manufacturing processes
90A-90C may change the web 92 in such a way that earlier anomalies would be difficult,
if not impossible, to detect. As certain processes 90A-90C operate on the web, the
operations (e.g., cleaning, coating, etc.) may change web 92 in a way that makes it
difficult or impossible to discover anomalies introduced by an earlier process in the final
web. As described, each of manufacturing process 90A-90C may inspect the web at least
once, thereby collecting data regarding the anomalies detectable during each of the
manufacturing processes.

[00105] Specifically, in the example of FIG. 7, a first roll (Roll # 1520098) is
initially processed in manufacturing process 90A at which time a set of fiducial marks 93
to the web 92. As shown, the fiducial marks are assigned identifiers of 693-14597 and are
physical “registration markers” that enable electronic data to be accurately combined in
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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shown, manufacturing process 90B has introduced a second set of anomalies 95B. A
subset of the initial anomalies 95A is still detectable, with the remaining portion being
hidden from the inspection systems of manufacturing process 90B.

[00107] Next, web 92 is wound into two rolls (A69844 and A69843) for processing
by a third manufacturing process 90C. In this process, web 92 is unwound form the rolls
and fed through manufacturing process 90B in the original direction used during the first
manufacturing process 90A. As shown, manufacturing process 90C has introduced a third
sct of anomalies 95C. A subset of the anomalics 95A, 95C are detectable, with the other
anomalies being hidden from the inspection systems of manufacturing process 90C.
[00108] Composite map 94 shows the local anomaly data from each of processes
90A-90C once spatially registered and consolidated to form aggregate anomaly data.
Composite map 94 may include registered data. Registered data may be considered data
corresponding to a common segment of web roll 7 from a plurality of processes 74,
wherein the data is aligned to within an acceptable tolerance. That is, data generated by
different processes 74 is correctly associated with substantially the same physical locations
on the web within the acceptable tolerance. To create the composite map 94, conversion
control system 4 may spatially synchronize the local anomaly data from each process
90A-90C, including position data for detected anomalies as well as position data for the
fiducial marks 93 read during each of the processes, to a specified tolerance, i.c. a degree
of accuracy. A high degree of accuracy may be, for example, on the order of 0-2 mm. A
standard degree of accuracy may be, for example, within 5 mm. A registration falling
outside of 150 mm, or about 6 inches, may be considered “unregistered” because of a high
degree of error. As shown in FIG 7, the exemplary composite map 94 includes all of the
anomalies 95 detected by the inspection systems for all processes 90A—90C.

[00109] Composite map 94 describing 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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material, but before coating the web with the insulator, it may be possible at a later time to
determine that this shorted region of the web will be defective even though it is not
possible to detect the anomaly in the final form of the web due to the opaque, insulating
coating. Another similar example may be if, rather than a short, the conductive material
printer failed to print, causing a circuit to remain open. Again, later application of an
opaque dielectric would make the “open” circuit undetectable. Due to the inspection
before the application of the dielectric, this defect may be discovered, and the defective
product removed from the pool of products to be delivered, before a delivery is ever made
to a customer.

[00111] FIGS. 8A and 8B illustrate exemplary embodiments the functional
operations and data communications performed within the network environment 2 (FIG.
1) when consolidating and spatially registering anomaly data from a plurality of different
manufacturing process. In FIGS 8A and 8B, the first manufacturing process (Unit Process
#1) records data relative to its own local coordinate system. That is, if the first process
determines that fiducial mark “7684” is at 11,367.885 m, the first process will record
fiducial mark “7684” at 11367.885 m. Likewise, if the first process determines that there
is an anomaly after mark “7684” at position 11,368.265 m, the first process will record an
anomaly at position 11,368.265 m. Alternatively, the first manufacturing process may
translate data to a coordinate system defined by conversion control system 4. In either
case, every local manufacturing process is referenced to a pre-defined coordinate system
so that all processes are automatically spatially synchronized.

[00112] In the example of FIG. 8A, each subsequent manufacturing process N
applies its own coordinate system (coordinate system #N) when reading the fiducial marks
and the positions associated with the fiducial marks and anomalies in a manner similar to
the initial 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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manufacturing process N as well as initial position data for the same fiducial marks with
respect to the target coordinate system, e.g., coordinate system #1 for manufacturing
process #1 in this example.

[00113] A variety of transformation functions may be used. For example, position
data for the current manufacturing process N may be transformed with respect to either a
global offset, that is, an offset common to the entire web, or an offset calculated for each
segment of a web between two fiducial marks. For example, the respective analysis
computer may process the position data for the relevant fiducial marks and determine that
an offset of .004 m should be applied to position data for anomalies detected between
fiducial marks “13” and *“14,” but an offset of .007 m should be applied to position data
for anomalies detected between fiducial marks “20” and “21.” Other techniques, such as
linear interpolation or application of linear scale factors, may be applied.

[00114] As another example, the first manufacturing process may record fiducial
mark “61” at position 112.343 m. A subsequent manufacturing process N, however, may
record the position of fiducial mark 761 at 112.356 m, an offset of .013 m. The
subsequent manufacturing process N, according to an embodiment as illustrated in FIG.
8A, may adjust its data accordingly to record fiducial mark “61” as being present at
location 112.343 m, and analysis computer 28 of the subsequent unit operation may also
adjust data about anomalies detected after this fiducial mark to reflect this offset as well.
For example, if the subsequent unit operation detects an anomaly at 112.487 m, analysis
computer 28 may utilize the offset of .013 m to adjust the position of the anomaly,
recording the anomaly at position 112.474 m.

[00115] In this manner, each manufacturing process will have produced spatially
registered local anomaly data that is based on a common coordinate system. Alternatively,
as shown in the example of FIG. 8B, conversion 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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in greater detail below. Conversion control system 4 may also categorize the anomaly by
class. The composite map can be used later to determine whether a certain anomaly in a
certain position will cause a defect in a certain product.

[00116] FIG. 8B illustrates another embodiment in which spatial registration is
performed centrally, e.g., within conversion control system 4. In this embodiment, each
individual manufacturing process defines and references its own coordinate system. That
18, position data gathered during each individual manufacturing process, such as the
physical location of fiducial marks and anomalies, are recorded with respect to this
individual coordinate system. After all of the manufacturing process have finished, or
optionally as position data is received from the manufacturing processes, conversion
control system 4 adjusts the position data from all of the operations according to a
common coordinate system and used to generate a composite map. The composite map
may comprise all previously recorded data in a single coordinate system.

[00117] As an example, an analysis computer 28 for a first manufacturing process
may record fiducial mark “61” at position 112.343 m in database 32. An analysis
computer 28 associated with a subsequent manufacturing process, however, may record
the position of fiducial mark “61” at 112.356 m, an offset of .013 m. The subsequent
manufacturing process, according to an embodiment as illustrated in FIG. 8B, may record
fiducial mark “61” as being present at 112.356 m. At some time later, conversion control
system 4 may generate a composite map in which fiducial mark “61” is recorded at
112.343 m, taking into account the .013 m offset, and accordingly adjusting all position
data regarding defects and anomalies neighboring fiducial mark 61. For example, if the
subsequent process recorded an anomaly at 112.487 m, conversion control system 4 will
record the position of the anomaly at 112.474 m according to the offset at 0.013 m.
Alternatively, a scale factor may be used, as discussed in detail below. In any case,
conversion control system 4 utilizes a single coordinate system and translates position data
for fiducial marks and anomalies to the single coordinate system when generating the
composite map. Conversion control system 4 may furthermore generate the composite
map from the data gathered from each process by utilizing an “or” function. That is,
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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enbodi ment, the retrieved data nmay TOOK simlar 10 [ Npaxdgpooied lpmod abl e
3. [00137] Next, conversion control system4 retriepes—th Pdfu!"
information for another one of the process lines, fpr Meaps ¢[a i )rgé@gs line
74B, used by the web (146). Process line 74B may or nmynnqtobm)theﬂpOO:ess
l'ine i nmedi ately subsequent to process |ine 74A;, precess—t+rre—rF4B—ray—have

processed web roll

1ne 74

7 before process line 74A,

l'ine 74A,100123f FRT 9309 HBRELRH thﬁfl%eﬁlés ﬁh%ﬁsle%l ovANIEY of BE
anonal y information from process |

conversi on con

P

tRL#ch e

rol sy

stem 4

i mredi ately after process

spati al | ywebednitelly.s: eustomtorral sgt ¢indusiomesrs with ismiker @stuardemﬁﬁb@r 1¢qQuEsYys. The

spati al

regi stration adjusts the positions of the anomaly information so as

to conpensate for a variety of factorsgjincluding that the web nmay have

been trimed or conbined wi th anot her web,
processi ng, which may cause the positions of fiducial

anonmalies, to vary fromthe positions recorded by other processes.

Once finished with al

-,

or

mar k

S,

of the data from process |ine 74B, conversion
control systen14 deternlnes mhether ~any Iocal anonaly |nfornat|on for the

S A ™\

may have stretched during
and |ikew se
1001381



4, analysis conmputer 28 may also performlinear transformati on of data
collected by the current process line. Conversion control system 4 may need
to perforwoa00vnesn transformati on on the data col | ect e#Cfrruseoosoriocpl e
process lines for a nunber of reasons, including because the web may have
stretched during processing or for other reasons. [00140] Cenerally, a

| inear transformation is used to nap data from one coordi nate systemonto a
di f f er ent? RIBSH RPRAIENS Y& e tHN $ngcifispdonsy Arp PEMEpHEIPYP podistonismay e

l'i nearly 0 te A to fit
t he coor cﬂ% att:fI g{/stcgrﬁflis m&rtgcglggéa{slwr?gé 412%%@?%?{1%%%62%3?{0?&3% ormat i on
nmay be penfomred hoy reqaed smmtatr ifibmns, bt veetho iehovae witiduovst atlaisadmard kay

[00141] Fi rst conver on contr E stem4 retrieves relevant data from
both pr odB8eest filmsecus jon ’a“r?ﬂ‘m???@a? ‘ef}%{ EHHPEPsi on control system 4 ensures

that the [ﬁﬁiﬁl]f}m '?ﬁlﬁé’ttxi?ebolr ‘i&?a%ﬁ?actdr&?% _%n%wﬁéﬂ%aﬁﬂﬁchﬁ'm gigarﬁlt dar fflsedse Q1 ent ed

along the web'in the sane direction. i's may be nece due to the
nat ur e ofthabawelorthe t)rddeptsgjl(\)ﬁju ﬁdhmadgl marksouadbe appdied at tlhasttirae tpi thendgrafcess

may begin, with ejther end ndi n re the pro ess falls

t i e e el ol el P o LG ET b Braiy ap b e kbt i on

of the daba v@ébq@ﬁéhcﬁgedﬁtﬁtﬂﬁerfde@diphe@émn@"chaﬂaﬁtﬁ redpbetitb®1datsa direction does

not match, conversion control system 4 maﬁ 7I ogi cal I% reverse the direction
t f

of one oflﬂﬁlr?é]tﬁklﬁwﬂwéb@l ¢aligetsd snfe s wabap!lt7rradghipac Or@@tqf@ﬁocwa&t letess. In
one exa e nver S| reve
of fsett ng F‘H” S&a & Itrgcesg? H%eg}\noas%% Eg E]‘év web af%ﬁl%mgtp angs rog S(ggl nni ng

as may oqmw4Mhtxh§rotosrswweb ASE .dufif@ protksshfgl ee (ROSIS hﬁkgaltchactlleme data is
flowng in the sane direction for _each process, conversion cont rol system4
pr ocessedninsetiondate frgm the aeh (06); T8¢ pracgesdingimaysgaklertingnsaiemdaie pieeh
process | s the
osi t1 on D oS L B B U AR, Y PRI ABE RS, o
cont rol syHtaiondnt Bpatidl opidtesion e dpomst:d orfughertdeaailneixtt rdspebued BIG. riér k- as

recorded ess |line 74A ion control system 4 records the
di fferenc@?‘tﬁl gmrﬂ%e%ae?‘”é t6 %tﬁhegﬁﬁ‘y? gy f(&eeéomﬁaﬁ BORSSr si on
control gyt emest ﬁlhﬂéispré&‘é‘mﬁg §1($8%01Phé%fls ih@e @@ﬂﬁ{alete!d%‘&ée@i hﬂ@évﬁs Matthd Rst he

data recorded by process |ine 74 70) and records the difference between
t he mar k raoctss hee for dvd wels(“MNY’ kbmmﬂmfrﬂ 08hevalba‘obl Tohaypbosessd|td peotidB as t he

difference M 172) a[rlp‘% i‘ Cionver3| 0 h}system4 uses the
G 11 or endedtey b 8 P PRESRe FaG PO S5 " or “each data poi nt
bet ween t[pg12MoIff hdtSeRthd@inksected pldedshle iShe last pMceds e, (“YEZ4hrantlppi er si on

control system 4 then processes tEe | ocal anomaly information for process

74B to del08).thqech mpaetsentamﬁnawodrme? rplbd P end shifted ko ereseef coBvVHENS Bitdseld

(175). F h I t i SS,. conver si on
control gys em 4 {e}giez;gcgﬁg& ?atlg&zm %%?Jaﬂ%% %&1 %r?%r%%alje %%lclﬁgcafata poi nt
into the wagositnabe ofthsta@smaly ipfongessn tegadinghieb rbl 1daosis cdnkertipsitance from
the fiducial mark to the angmaly is recorded as IP,. This distance is

"scal ed” ‘Bih Wb &l i lgpngpmbedinent scogersipp santrelsytemudt @estpethasqmpaticust ed
position stem4
R e e P S L e A A L i e

recor ded 1byolmd)meﬁanulfaoumng48et( bAEN0. ITémwens ihercoopositoinascehedsidn adtptmit s the
position of each anomawsrbet n these. tvvo fiducial .marks in t.his manner

(178). COMVERST DAY SN Y ress) st BRAORHE AP TR U X CX#PBIGCE dMC%mr k i n
comon ang L Rp&akch ﬁtﬁ@tld?f 8{%@§s§e&‘ﬂérbin ane 11"178&@11%&11%&1{&& tGEIfIGS £3,94i n conmon
(179). 1001441 Once all anonmlies between these two fiducial marks have
been adj US0E28] Elﬁn]r@nssa ﬂowoltamtltlotstra@ylgteemnled)et:l@tlm pasicdhatler it has

hed t he f t th d f d 74B
TS A L R o e S WS At R ST Nl
control Sf}é@élﬁm%b%llh ‘oo 1hREe PASHAILRAL, Ploceiiaidierdia hbgurb abcelRIdstAS

recorded by each of process |lines 74A and 74B and transform the anonal y
dat a accdfan ﬁgn\teoswrheont@tl Bodera A dioa thegexiews prp¢ess Hae, dpidexgmplh prafassdingas

eing pi 1 e KORSTRRA PR SERAPnb sy BT RRRILR R SR T anen

of I 80), conver5|on control system 4 has finished linearly transform ng
this set of data, so conversion controkysystem 4 continues w th other
processing, either linearly transformng a new pair of process lines 74,
conbining data fromprocess lines 74, or transmtting data to one of
converting sites 8. 1001451 In sonme enbodi nents, a nodeling engi neer nmay
generate one or nore mat hemati cal nodels for the manufacturing operations
perforned on the web throughout the plurallty of nanufacturlng process

. . 4 o o o v




1001481 I n an exenpl ary enbodi ment, encoder 186 conprises a wheel pressed
firmy against the surface of web 20. Encoder 186 nay transmt an encoder
pul se forwoaol/qasdi al revol ution of the wheel to trigg@CTsAWBO7ME.
Trigger nodule 192 can measure the distance along web 20 according the
nunber of encoder pul ses and the circunference of the wheel of encoder 186.
For exanple, if the wheel is ten centineters in circunference and encoder

186 gi vespalinl spgigepsion shewd bepeifgrmpgracadlys ke.oby Becotrantinsecesy b4k per fifty
encoder ' - ] Rt has travel ed
five cenﬁg%%ﬁéﬁ%{&?%Q§H%§%§g§?%’%P§§Q¥§§%§@EQR%S% caﬁhggﬁgﬁgggghégdistance
web 20 hasotheayeingde, @shvesivh yoiad yyatmldymayl @148 Hatiamdessard,88r thayubentvery
simlar to the fiducial mark reader as depicted in. FIG 6. In the exenplary

enbodi merOUPs HIGRPAla RIS PPRTOM &1 (4 2iYER CABB AL CBXIULIANG® fi duci al
mar kS 182oBRMnAOTINIR GRSy hOFRE BRI QM BRMpblioMoRE $lcbng [ duct al - marks

182 to trigger nodule 192 Trigg utilizing distance

i nf or mat i (00129t Mextethe fwabrmoB nclodéad ab86¢cdragofi thasvetentetind preceshéinp@4At i on of
exi sting fiducial rks. 182 to a hi gh degree of accur by bein

cont 1 gur sy b T Semess B afCufi hher i S FEbee 4 740150,
Trigger nREsHButQPoBylyl Mflclall flarkdldt Bh 84rlyl §8od. OryWidalle, AduteW nhdrkiisHodld Bear Kk,

for exanple, new fiducial mark 184A, onto the surface of web 20. Reader 188
may read inpéacadafoye wppraledistapilied Wl thedirsk prascss. lingethopghithercamayre inste8an, once
new fi ducv'vl?'re %ﬁc‘%allrgélrﬁs gl%sc%% t‘éH%ﬁ{i nd ecﬁg%re.rlqgc'ed-r!iﬁ it ﬁf‘%d‘%' c(:aesl 26 may
record position information about neﬁiy Wit en f i ductar ier ks o1 as wel | .
I n one emigdbi@nltfiguieditotpply LAditioeaIidus@bmarksito K jweb apcadit iRfvingidutiar 190 may
conprise any device capabl e of applying a fiducial mark to web 20. For
exanpl e, PHkhtfadditiopaliaipruatien nesd by prawddsd. phhermpalicasion of fidysiakmars secur e
mechani ca; i : 51] FIGS. 14A-14D are bl ock
diagransq#%ﬁ%???ggﬁﬁgggﬁgﬁg%gv%ﬁgﬁgggﬁggx!ggﬁhg and inserted fiduci al

mar ks. FI[@130] 4As tHel wist mmat@sh@ngle kenpbeswheds, ehainggatidn siscdnad ofimaodess 184 ar ¢
interlaced hetween a.full set of exi.sti.ng fiduci al rks 182.. I.n this
exanpl e, ﬁ%ﬁé%“é\oac’ﬁage ipiyEpatign regarding Ui bARIka R ngﬁlféz.sm dutigvinain FI G
14A, fidygjpk 2%ﬁé§§m£$}’ac sieRelibS ﬁQQQ@f(_“fnﬁ‘«f‘geVé%&’uiQi%ﬁ HQ&ic&fzé@ﬁ' fllie area
199 (bounded by a vertical dashed line running parallel to the web and
fiduci al isdgh&mspertiph @Biteristyvill B inspeating shd web frarkemdlds, Althouglx thepl e
existing mark 182 nd isting mark. 182 may be .spaced at approxi mately
The sams TPSeaice s B R GRS Cartisrie TERreSaraRa eyt ag PBEr St 2
nmeters. New ddiideedehrobRE ksscie@ayt)elaamtm&%ﬁéceﬂ> dif@Ete Q¥@RtEof 4 ReBBERERNCE W th
t he met hod described wth respect to G 15. Suitable fiducial marks for
ei t her orfidvetahmarksfentheipgineisapt efaritys 184 and existing fiducial marks 182
are depi hn i erein
web 20 naboEgnrpts clupr QR R e Rl MuBhieEhin A-FRTR fg¥er

begi ns | gireximbhafidicsal nidiley. Spesifidaltpaaslyoin computeD2§ foontict Heusilandrkotisibhe web
to sone point 194 down web 20 where_the space does not have. exi sting
fiducial THRCKEmapgteaderd? (hhIntThadis, Beuciaiaprs gopfendler A peauases enHy g duci al
mar ks 18 : i : i i : In one
enbodineﬁ??ﬁ%gém%égwgﬁ%fggﬁﬁ}§%§§§z gﬂ?ﬁggg§%2%¥%?%g%@%?&%%?&??%uciaI mar k
writer 18idfonmayti@ptolapalysiwcbimguicr 8. Amallysis t8dhpttor 3Hac asnetadethiexi st i ng

fiducial .qarks. 18 | n. anot her . odi nent fjducial mark iter 181 may in
addi t1 on PP ymﬁéa%omm A BOWD&%E%@@%CI IgETERBARE WFBRI a1 rrar ks
shoul d thgmgggnzgggfent. One may operate fiducial mark witer 181 so as to

fill void spaces 185 with marks in a distinct format from new fiduci al
mar ks 184001324t Dingng fhiproeesh, imagk agguisieon dicend$ sen the meb do giodbies emgef or mat

of fiducial ma for fillin (o] es 185 .t han the. fornmat. f or
St na- mesla TR Forl Rlstibg e B0 5D 5 3¢ kB T LR RVt T |11 ng
voi d spacgsmpRSimm Reuisiioh BeAteds SAdid®vER aiheRalyheclespBivcaicqaXitohi Ng

fiducial marks 182. In another enbodi ment, the format of the fiducial marks
for filligegpusirdos peeene. pgguinipn semphist avevidlsinfdia dnglysigcospuiseds of heci al
mar ks 18 t t her, |.Een I: ' WL L ar i1l . not
wite an r?‘%egﬂéc/{ﬁlgl paogglro g?fltl%ng\?%g{& wgp%%ael .41%@03}1@1&?% ﬂ}wg%%%herll%\g/’vﬁ%éfﬁl&i al

mar ks 184. [00153] FIG 14C illustrates an exanple wherein web 20 has a set
of existing fiducial marks 182, but thegjexisting set ends early. That is,
there is a space on web 20 fromthe start of the web to sonme point 196 down
web 20 where the space has existing fiducial marks 182, but from point 196
on, there are no existing fiducial marks. FIG 14C depicts these void
spaces as voi d spaces 185. In one enbodi nent, for exanple as discussed with
respect to FIG 15, fiducial mark witer 181 nmay apply new fiducial marks

A 1 o o N N -, = o A NS



100155] FIG 15 is a flowhart illustrating exenplary operations involved
in application of fiducial marks to a web. FIG 15 depicts an exanpl e

met hod byweatzoednifig4duci al mark witer 181 nmay apply new, PChRiUSe00802@e6d i duci al
marks to a web as an exanple nethod by which fiducial mark witer 181 may
apply fiducial marks to void spaces, that is, spaces where fi duci al marks
shoul d exist but do not. FIG 15 al so depicts an exanple nethod by which

fiduci al freciel marks, dhe nopttiongaf thgsaopnady, sa ther distargediam th?aﬁ%latl §hagk wetIae\mI ch

h of I

125 s SRS ANELRD (156K PO BHRSN o] Shor HEPoRfluual wBEadiyp! 2c and
act i vat echos20031. da@o\nnhjrafspm lty posiinaP @ath sccatved droaf fonvtrsaonsuoppor dystegn 4 ol | and
col l ected o(io suppor.tin {oll causi ng geb 20.to travel ast fidycial mark
writer 18%0TqeH G paiiea st %@P&P?tﬁéy%em AAIFRYING dFompOSi BlanP_F “Gger
modul e 192 Hirhédl dn%ﬁz%ls%oﬁipﬁe@ 13 %wﬁ QLHHE@{he @o@)r‘&u?a‘?er %sfeﬁpl%kal th ?r&ggs' 140N,
trigger nodule 192 initializes a global variab to represent the fixed
di st ance dpdtoaeensibn dorgic sy stem Kswilllspatoaily reglbtadthwmbmatyrih@gmatimmmd form92
presunes fhat FD.i ers un | es i ves contr i nst ructions
Prom an dpbramemit-Fabger Thar s 185 "4ty NI ACSThpBE0R of f set

vari abl e d?@uﬁ%ti%tlﬁ%%&ﬁ%@l@ the distance between reader 188 and printer
190. 1001571;3} en web 20 has existing fiducial nmarks 182, reader 188 sends
a fiduci d00 ]s]éth%eﬂdrqu@%webrb@ﬂﬁoé begpreathed (FQHdrantBaf dat)eenadysis ¢fi duci al
mark. As | gn Cl uIs [r. hof 204)

the fiducy %I%Haﬁxffﬁl ngﬁ c %SO Ffth rgspegtcl[% tl%lg %'dumgldragrk'\lgfi agm% a
fiduci al qeuins@gacetithss ﬁ&u‘éﬁsmabk aIf(tllib &fd odQK9 web haggeh rmﬂw (hos]v%QerW I I

initialize a new counter Nto zero and distance D to zero (206). Tr| ger
nmodul e 192YEST If’“’tnﬁ]éﬂf biRpins isHeonuptes 38 sk Brctnthe 2ig ) aboptyaemadies infweb 19

an encoder el AHEL R R nd P nt kPR i AR MG B3R once an

encoder pmh&el @skenrds(l(%)(ES branch of 210), however, the fiducial witer
wll incr 1 ( 212)...Trig nmodul e 92 wi | |
then det dD %fg)fhé%a ﬁpwghaéfduawaélagﬁ fa éeceg‘ilh?uoq et %&ga(thq{@ Blhch of
214), tri rltyrm%c%ssﬂe% ¥hd dx Willdry bRIho@inaw ﬁnﬁg@%mgw ﬁ@saskﬁmui Ihat equal
to FD / 2, however, ("YES' branch of 214), trigger di sabl e the
"new' comhltceﬁprqczmbmﬂﬂd hanstmlumti lpeail nom’dlna@&yst@mprtw oalleat dfewwﬁuhdutu al mark,
for exampl e, 1 n er words er duI e
192 wi | | PHSE? IP& %Sr% rﬁ%‘@L C?L%‘éerﬁl?)n B‘IIIUE?? ‘égt%\ﬂlsf’ r8$15tﬁ§rtﬁe lr >bet ween
exi sting ihfohmaticd tongdnkorm téhlsaes capainhe s¥emWrhls &%ﬂlrﬁérﬁ@@iﬂe@&eﬁﬁé nt the
next fiducial mark by disabling the fiducial present sensor input gate for
a di st ancé/ethreafé gf eacpf procgss(lpegy4 whilgselledting [iefgrmatianHeors the inspeciepabl e of
nodi fyi ng, & h ove instructions to print new fiducial marks 184 at ot her
interval s an posi tions; for exanple, one could nodify the above
I nstruct i [00E3] OEjptidr uring tefratiqiradessriinkprodBdioatorafner gUpiotes liabs Thpawdi st ance
bet ween exi sting fiducial marks 182. [00159] When web 20, has eX| sting
fiduci al fHrivhed Prapsying Wek roll 49 prgducc BIlﬁhﬂiqul?EFPIl 105 gmvengiongepgol syptedki st i ng
fiduci al %}Jﬁ,t i anrepl ace
fiduci al 4”1%%2 %Lsg%gl&‘?jrs?r%gg‘& ﬁl?w%ﬁg?d% %{Cg@ gotcgéglsglhgg 17 ;gﬂﬁ‘cﬁa puI se
but will digusseddbeione cmmxee;rsmmcdntmhsymm Mnklyk@%dlcsnmtsrthmtoedl andhmahyef or e,

trigger ule.192 will edls anc nter D to nmeagsure a di stance FD
fromthe 1}3&@‘@?%%%@(?&&?% prﬁgﬁsglm?so ‘IAIPIéer BRG QLPHCF ﬁ@@@?lan *RO P82C

shoul d beohREdH &fdrdid#0 sy#ad. A%t%f%onﬁ%sﬁthéo%t@%ﬁ%em §hhgReSeveRddle (k92 Wil
instruct witer 190 to Wwite fiducial mark inthe correct position (226).
Trigger mdthiterliggothgidata tag@pmppasl@paaleofftbe prebrhicthbasntsyawrf ¢apudinate mar k by

di bli h f | ) f d f (3 *
00 o' (SR, Y wReh Sty BER dans SRt ER sTu Rt el e e o

when web ammscan@eélorp&m%n sltéilmfb'eglu@ bketTB¥iks thk88cAanyBhly 1@@@&1&1 spaces
185 as shovvn in FIGS. 14, fiducial mark witer 181 naY4determ ne when to

print a rasnemicdbyithe firmaprockss lmesfor gkamplcdirpeass lne 74y 42 niThisdimsiprogass gger
nodul e 1 i I ) re are
0. xi st g Frieiby dEe fSbRpeR 8 WhEl RblagP Rt C 3
fiducial pulse ("NO' branch of 204), so trigger nodule 192 will wait for an
encoder pul se fromencoder 186 (220). &mce an encoder pul se occurs ("YES"
branch of 220), trigger nodule 192 will increnment D (that is, D = D+l)
(222). Trigger nodule 192 will then determ ne whether Dis equal to FD
(224). If not ("NO' branch of 224), trigger nodule 192 will wait for a new
encoder pul se and continue to increment D. If Dis equal to FD, however
("YES" branch of 224), trigger rmdul e 192 WI II |nstruct pr| nter 188 to
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100164] Once conversion control system4 has a particular web roll for

whi ch to gather data, conversion control system 4 may begin to search for
dat a gat pedod444he vari ous processes 74 and col | ect ed POF/uSeovsoriodat i on
servers 76. Conversion control system4 then identifies a conplete set of
possi bl e predecessor processes 74 that may be associated with the web roll
(352). For exanple, conversion control system4 may identify a nost recent
pr ocesseLopyersim eongak st /éfhewéaatraéhy|re%1ﬁar8tthfé1@cale9@9n@iw@fqrmaa@m fromy

possi bl e t e truct
Fopr coentTAG T I hob SbE REFASEEARbiG ot Wiciniy 677 kb cbORNER pRREEL
enbodi ne nieﬁneabby essicoibrcamtobsyssys 4 ermﬁty [12:1"] oeml‘danmé sysselnyuﬁdauyajmefocﬁ thedat a

correspond to.the. web roll ‘L‘C %gOt her enbodi rrent conver5| on contr ol
system 4 faeHEingd A ISLEYi DA i ©RVIROBSERITlSYRFR 4 AIPCHETSERCR o
reduce ”h‘ﬁoﬁﬁﬁfcfdtﬂa @F d'a!a d@t’b‘ oy 859(‘6/1{3&1&% eﬁngQﬁfaﬁﬁémﬁyﬁh&mn‘he\fwﬁﬂm&uer y for
data corresponiding to the se ect 100165] After conversion
control pastdon mehﬁﬁaﬁmmmmkstwehmeaclcw tbpam@esfsdmedaimommmdan@d with
the web rpll, .conv |oncntr S ch for data associ ated
with the tﬁ%f?tlil%‘iea 5233' 10%% ]%ré%%l égep&%ﬁwgaiﬁ% control system 4 may
search fqoofiguebal camektont ddatroNBheh 4 tahiGicd kha bkl fdriftive Borlaabiheof
interest within the data from each of the 1;4)11rocesses in the search space.

Conver si me@cﬁmermbcessybn@nfat ipsanca psesessdarecitBa isasiiy the webl(il46r)ouPr@@@i:| fic
segnent s eroII f|n of f| r k for
exanpl e, hsngg?trér‘éﬁn Eﬂe E‘%loégssq%gé@me&ba?qug%qsg ue(Izlont rg?esgglsl §4A’4 may
search quromehheam ﬁgyflmd@pﬂoaéssmawkls réBgfotNBopdseLias 344, inkratdidtelym a
segnent of the web roll (356). In one enbodinent, if conversjion control
syst em 4 AEARCCHAEr/Hner HiEeRetheRidrPegss agsshls After: fetﬁ?élﬁé fheognogsly e g.
due to g3 oTable 5,
bel ow) ﬁ%rrllln gttl)énl?/g?@ﬁ%ﬁceg%%%@ sys?ée}%hﬁggﬁtﬁlgzétﬂgus I ve % g{é:? “all of
t he dat a andtd)y ihformatén fnoa sionvler hapndr §648), Thatpeial tdgdration anguﬁmtlmpti m zed
oxi ats f PSLOBapt e AMahaSaHRERTIQ NP (b FSHEFSGE 855 I REEBRanch of  362)
exists f nch of 362),
conver si QRc|G@Rk ek tl&-)’&é‘t?ﬁh%hmé Beeﬁ%%ﬁiedfo%oﬁlbﬁe@%ﬂl a%ﬁ’lef Qkb, pegrent . I f
overl ap does exXi st YES' Dbranch of 362 or "YES® branch of 356), conversion
cont Ir ol dpse fetmztdhad: dulrlng@mesﬁlmgtvfmdsm@:cpatsgdle\mqshlonhelf ilidt;dlalmwtﬁks tahﬁ oo
over | appi i duci a ata from.a predecessor ro or the web roll o
Phter ot 1B8patsialion FeyhyBR s 6 SRk RS RUEF P SR REPS Gy s o 4
cont i nueg0b P38} eoh&inikhdamvien mobfthg@gﬁ&’fﬁrﬁp@éb@thﬂérmlaheomﬁldxpédm@f i nterest
(364). Once conversion control system4 has finished searching all of the
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4, analysis computer 28 may also perform linear transformation of data collected by the
current process line. Conversion control system 4 may need to perform a linear
transformation on the data collected from multiple process lines for a number of reasons,
including because the web may have stretched during processing or for other reasons.
[00140] Generally, a linear transformation is used to map data from one coordinate
system onto a different coordinate system. In this example, anomaly positions are linearly
transformed from the coordinate system of process line 74B to fit the coordinate system of
process line 74A. A distinct linear transformation may be performed for each portion of
web between two fiducial marks.

[00141] First, conversion control system 4 retrieves relevant data from both process lines
74A and 74B (160). Conversion control system 4 ensures that the data from both process
lines 74A and 74B is considered as oriented along the web in the same direction. This
may be necessary due to the nature of a web roll being wound and unwound, i.c., that a
given process may begin with either end of the web depending on where the process falls
within the recipe. Conversion control system 4 may determine the direction of the data
according to the fiducial mark data. If the data direction does not match, conversion
control system 4 may logically reverse the direction of one of the two process lines such
that the data direction matches. In one example, conversion control system 4 reverses the
direction by offsetting the data from the end of the web roll rather than the beginning as
may occur in the forward case.

[00142] After ensuring that the data is flowing in the same direction for each process,
conversion control system 4 processes the data to locate a first fiducial mark in common
between process lines 74A and 74B (162). Conversion control system 4 records the
position of this mark as recorded by process line 74A (164). Conversion control system 4
then locates the position of the next fiducial mark 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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uses the scaling factor SF, to transform each data point into the coordinate system or

process line 74A. To do so, the distance from the fiducial mark to the anomaly is recorded
as IP;. This distance is “scaled” by determining SD; = IP; * SF,. Then, to locate the new,
adjusted position AP; on the common coordinate system, conversion control system 4 adds
the scaled distance SD; to the position of the fiducial mark as recorded by process line 74B
(176). Conversion control system 4 adjusts the position of each anomaly between these
two fiducial marks in this manner (178). Conversion control system 4 then finds the next
fiducial mark in common and repeats the process until no more fiducial marks are in
common (179).

[00144] Once all anomalies between these two fiducial marks have been adjusted,
conversion control system 4 determines whether it has reached the end of the data
gathered for either process lines 74A and 74B (180). If both have more data to analyze
(“NO” branch of 180), conversion control system 4 will find the position of the next
fiducial mark as recorded by each of process lines 74A and 74B and transform the
anomaly data according to the method above. However, if the end of the data has been
reached for either process line (which may be possible due to a web being split, combined
with another web, or for other reasons) (“YES” branch of 180), conversion control system
4 has finished linearly transforming this set of data, so conversion control system 4
continues with other processing, cither linearly transforming a new pair of process lines
74, combining data from process lines 74, or transmitting data to one of converting sites 8.
[00145] In some embodiments, a modeling engineer may generate one or more
mathematical models for the manufacturing operations performed on the web throughout
the plurality of manufacturing process lines. During operation, data from the
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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writer 181 for application of original or supplemental fiducial marks. In the exemplary
embodiment of fiducial mark writer 181, fiducial mark writer 181 comprises encoder 186,
reader 188, writer 190, and trigger module 192. Fiducial mark writer 181 is typically
positioned such that writer 190 is near the edge of web 20 such that fiducial marks will be
written outside of the salable area of web 20. Fiducial mark writer 181 can write an initial
set of fiducial marks to a web which has no fiducial marks. Fiducial mark writer 181 can
also rewrite fiducial marks to a web which has one or more corrupted fiducial marks.
Fiducial mark writer 181 can also interlace a new set of fiducial marks between an existing
set of fiducial marks. That is, fiducial mark writer 181 is able to apply a new set of
fiducial marks to web 20 such that the new set does not corrupt the existing set. Fiducial
mark writer 181 may utilize either of the exemplary fiducial mark embodiments depicted
in FIGS. 5A-5B, or fiducial mark writer 181 can be modified to write a different
embodiment of a fiducial mark.

[00147] FIG. 13 depicts web 20 with a set of existing fiducial marks 182A—182N
(“existing fiducial marks 182”). That is, existing fiducial marks 182 were applied to web
20 at some earlier stage of the development of web 20. FIG. 13 depicts fiducial mark
writer 181 as interlacing a set of new fiducial marks 184A—184B (“new fiducial marks
184”) between existing fiducial marks 182. However, fiducial mark writer 181 is capable
of applying a set of new fiducial marks 184 to web 20 without a set of existing fiducial
marks 182. The determination of where to write a new fiducial mark is discussed in
greater detail with respect to FIG. 15.

[00148] In an exemplary embodiment, encoder 186 comprises a wheel pressed firmly
against the surface of web 20. Encoder 186 may transmit an encoder pulse for each partial
revolution of the wheel to trigger module 192. Trigger module 192 can measure the
distance along web 20 according the number of encoder pulses and the circumference of
the wheel of encoder 186. For example, 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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the same distance apart. In one embodiment, this distance may be about 2 meters. New
fiducial marks may be inserted, for example, in accordance with the method described
with respect to FIG. 15. Suitable fiducial marks for either or both of new fiducial marks
184 and existing fiducial marks 182 are depicted in FIGS. 5.

[00152] FIG. 14B illustrates an example wherein web 20 has a set of existing fiducial
marks 182, but the existing set begins late. That is, there is a space on web 20 from 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

39



100174] Table 5 Roll Nane Fiducial Mrks FirstlLast M nMaxExpected #Act ual
Conment s Al S1-0001 1 144 1 144
WO 2009/014940 PCT/US2008/070069

marks should have been present. One may operate fiducial mark writer 181 so as to fill
void spaces 185 with marks in a distinct format from new fiducial marks 184. That is,
fiducial mark writer 181 may utilize a different format of fiducial marks for filling void
spaces 185 than the format used for adding new fiducial marks 184. The format of the
fiducial marks for filling void spaces 185 may be calibrated so as to match the format of
existing fiducial marks 182. In another embodiment, the format of the fiducial marks for
filling void spaces 185 may be the same as the format of new fiducial marks 182. In yet
another embodiment, fiducial mark writer 181 will not write any fiducial marks in void
spaces 185 but only apply new fiducial marks 184.

[00153] FIG. 14C illustrates an example wherein web 20 has a set of existing fiducial
marks 182, but the existing set ends early. That is, there is a space on web 20 from the
start of the web to some point 196 down web 20 where the space has existing fiducial
marks 182, but from point 196 on, there are no existing fiducial marks. FIG. 14C 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, 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.

[00154] FIG. 14D illustrates an example wherein web 20 has a set of existing fiducial
marks 182, but there is a gap in the set. That is, there is a space on web 20 between two
points 197, 198, wherein web 20 has existing fiducial marks 182 from the start of the web
to point 197, and from point 198 to the end of the web, web 20 has existing fiducial marks
182, yet between points 197 and 198, web 20 has void spaces rather than existing fiducial
marks. FIG. 14D 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, 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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[00155] FIG. 15 is a flowchart illustrating exemplary operations involved in application
of fiducial marks to a web. FIG. 15 depicts an example method by which fiducial mark
writer 181 may apply new, interlaced fiducial marks to a web as an example method by
which fiducial mark writer 181 may apply fiducial marks to void spaces, that is, spaces
where fiducial marks should exist but do not. FIG. 15 also depicts an example method by
which fiducial mark writer 181 may apply a set of fiducial marks to a web which has no
existing fiducial marks.

[00156] First, web 20 must be in place and ready for marking (FIG. 2). At this time,
fiducial mark writer 181 is activated (200). Concurrently, web 20 is wound off of a
supporting roll and collected onto supporting roll, causing web 20 to travel past fiducial
mark writer 181. In response to detecting a leading edge of the web, trigger module 192
initializes a distance counter D to zero (202). In addition, trigger module 192 initializes a
global variable FD to represent the fixed distance between fiducial marks. In one
embodiment, trigger module 192 presumes that FD is two meters unless it receives
contrary instructions from an operator. Trigger module 192 also maintains a position
offset variable PO which represents the distance between reader 188 and printer 190.
[00157] When web 20 has existing fiducial marks 182, reader 188 sends a fiducial pulse
to trigger module 192 when reader 188 detects a fiducial mark. As long as a fiducial pulse
has not occurred (“NO” branch of 204), the fiducial writer will continue to wait for a
fiducial pulse. Once a fiducial pulse occurs (“YES” branch of 204), trigger module 192
will initialize a new counter N to zero and distance D to zero (206). Trigger module 192
will then enable the new counter N (208), then wait for an encoder pulse from encoder 186
(210), and will continue to wait as long as an encoder pulse has yet not occurred (“NO”
branch of 210).

[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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mark by disabling the fiducial present sensor input gate for a distance of (3 * PO) /2
(228). Those skilled in the art are capable of modifying the above instructions to print
new fiducial marks 184 at other intervals and positions; for example, one could modify the
above instructions to print new fiducial marks 184 at one-quarter of the distance between
existing fiducial marks 182.

[00159] When web 20 has existing fiducial marks 182 but is missing a certain mark, for
instance, if existing fiducial mark 182C has been corrupted, fiducial mark writer 181 can
replace fiducial mark 182C. Trigger module 192 will be expecting a fiducial pulse but
will not receive one, as fiducial mark 182C is corrupted. Therefore, trigger module 192
will use distance counter D to measure a distance FD from the previous fiducial pulse to
where existing fiducial mark 182C should be located (220, 222, 224). At this point,
trigger module 192 will instruct writer 190 to write fiducial mark in the correct position
(226). Trigger module 192 will again prepare to print the next fiducial mark by disabling
the fiducial present sensor input gate for a distance of (3 * PO) /2 (228).

[00160] When web 20 has no existing fiducial marks 182, or when web 20 has a set of
existing fiducial marks 182 as well as void spaces 185 as shown in FIGS. 14, fiducial
mark writer 181 may determine when to print a new fiducial mark in a slightly different
way. Initially, trigger module 192 will initialize distance counter D to zero (202). As
there are no existing fiducial marks 182, trigger module 192 will never receive a fiducial
pulse (“NO” branch of 204), so trigger module 192 will wait for an encoder pulse from
encoder 186 (220). Once an encoder pulse occurs (“YES” branch of 220), trigger module
192 will increment D (that is, D = D+1) (222). Trigger module 192 will then determine
whether D is equal to FD (224). If not (“NO” branch of 224), trigger module 192 will
wait for a new encoder pulse and continue to increment D. If D is equal to FD, however
(“YES” branch of 224), trigger module 192 will instruct printer 188 to print a new fiducial
mark, for example, new fiducial mark 184B (226). Trigger module 192 will then
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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new fiducial marks 184 between existing fiducial marks 182, or even replace a missing
fiducial mark.

[00162] FIG. 16 is a flowchart illustrating exemplary operations involved in identifying
arcas of web material for a given web roll segment that have been processed throughout
multiple manufacturing operations and, therefore, are candidates for spatially
synchronization. In one embodiment, conversion control system 4 uses fiducial marks to
identify various web rolls 7, 10. That is, conversion control system 4 may identify
segments of a particular web roll 7, 10 that have been through common manufacturing
processes 74 by identifying overlapping fiducial marks from each of the processes that are
present on the web roll. In one embodiment of conversion control system 4 uses the
example method depicted in FIG. 16 to create a correspondence between data collected
from a sequence of the various processes 74 for a particular web roll segment.

[00163] First, a particular web roll 10 of interest is selected (350). Typically a user may
select a web roll 10 or a portion thereof through a graphical user interface (“GUI”)
presented by conversion control system 4. However, in other embodiments, other devices
may interface with conversion control system 4 to automatically or semi-automatically
select a web roll and retrieve data from conversion control system 4. Conversion control
system 4 may also permit accessing data collected for unfinished web rolls 7 and in-
process web rolls, in addition to final web rolls 10.

[00164] Once conversion control system 4 has a particular web roll for which to gather
data, conversion control system 4 may begin to search for data gathered by the various
processes 74 and collected by consolidation servers 76. Conversion control system 4 then
identifies a complete set of possible predecessor processes 74 that may be associated with
the web roll (352). For example, conversion control system 4 may identify a most recent
processes 74 for a particular web roll and then recursively identify possible 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.

43



81 1 1 81 81 81 reverse BI S2-0009 475 350 350 475

WO 2009/014940 PCT/US2008/070069

[00165] After conversion control system 4 has assembled the search space for data
associated with the web roll, conversion control system 4 may search for data associated
with the web roll (354). Specifically, conversion control system 4 may search for fiducial
marks that match fiducial marks of the web roll of interest within the data from each of the
processes in the search space. Conversion control system 4 may also search an entire roll
for specific segments of the roll, defined by a certain range of fiducial marks (for example,
segments 376A, 376B, FIG. 18B). Conversion control system 4 may search for
overlapping fiducial marks among the processes that form a segment of the web roll (356).
In one embodiment, if conversion control system 4 cannot determine whether overlap
exists (“?” branch of 356), e.g. due to gaps in the data of the web roll data being triggered
(see Table 5, below), then conversion control system 4 will exhaustively search all of the
data (360) to look for overlap (362), rather than using an optimized method, such as the
method discussed with respect to FIG. 17. If no overlap exists for a particular segment
(“NO” branch of 356 or “NO” branch of 362), conversion control system 4 will search for
the next web roll segment. If overlap does exist (“YES” branch of 362 or “YES” branch
of 356), conversion control system 4 will record data associated with the roll with the
overlapping fiducial marks data from a predecessor roll for the web roll of interest selected
at step 350.

[00166] Conversion control system 4 continues to search if more roll segments exist on
the web roll of interest (364). Once conversion control system 4 has finished searching all
of the roll segments associated with a particular process, conversion control system 4 will
select a next process based on the process list generated at step 354 (366).

[00167] After conversion control system 4 has gathered the data, conversion control
system 4 may analyze the data (368). Conversion control system 4 may search for and
identify all segments of web with overlapping fiducial marks for each process. 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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[00168] FIG. 17 is a flowchart illustrating exemplary operations involved in determining
the search space of data associated with particular web rolls 7, 10. In one embodiment,
conversion control system 4 uses the example method depicted in FIG. 17 to improve the
performance of locating potential processes 74 that may have collected data associated
with particular web rolls 10. Conversion control system 4 may, for example, use product
and process constraints that occur due to the nature of the constraints to reduce the search
space when retrieving data relevant to a particular web roll 10.

[00169] As an example, film making operations cannot have predecessor roll operations.
To make use of these process constraints, one may assemble a “process association map”
that describes the possible interactions between various manufacturing processes 74. The
process association map may describe, for example, possible predecessor processes for

cach of processes 74. Table 4 shows an example process association map.

45



155 32 32 155 124 124 reverse R

S3-0125 1400 1222 1222 1400

WO 2009/014940 PCT/US2008/070069
Table 4
Plant A Plant B Plant C Plant D
Process Al Process B1 Process C1 Process D1

Possible Predecessors:

none

Possible Predecessors:
Plant A, Process Al
Plant A, Process A2
Plant A, Process A3
Plant A, Process A4
Plant C, Process C1
Plant D, Process D2

Possible Predecessors:

Plant A, Process A2
Plant A, Process A5
Plant D, Process D1

Possible Predecessors:

none

Process A2

Possible Predecessors:

Process B2

Possible Predecessors:

Process D2

Possible Predecessors:

none Plant A, Process Al Plant A, Process A2
Plant A, Process A2 Plant A, Process A3
Plant A, Process A3 Plant B, Process B3
Plant A, Process A4 Plant C, Process C1
Plant C, Process C1
Plant D, Process D2

Process A3 Process B3

Possible Predecessors:

none

Possible Predecessors:
Plant A, Process A5
Plant C, Process C1

Process A4

Possible Predecessors:

none

Process A3

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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operations on the web roll (302). Next, conversion control system 4 adds the process to a
hierarchically arranged set of nodes that may form a tree structure, wherein the last
process may occupy the root of the tree (304). Conversion control system 4 may then
determine whether the last process has any predecessor processes (306). If not (“NO”
branch of 306), then there is no reason to continue, because no more data could exist for
the web roll, as no process could have preceded the most recently analyzed process.
[00171] If there could have been a predecessor process, however, (“YES” branch of 306),
conversion control system 4 selects one of the predecessor processes (308). Conversion
control system 4 may then essentially perform a recursive instance of the method
portrayed in FIG. 17, except that in the recursive instance the web roll of interest is
already selected. That is, conversion control system 4 may determine whether this
predecessor process itself has any predecessors and add them to the tree as one branch
from the root (310).

[00172] Next, conversion control system 4 determines whether any more predecessor
processes exist for the currently selected process (312). If not (“NO branch of 312) then
the method may end. However, if there are more possible predecessor processes (“YES”
branch of 312), conversion control system 4 will perform the recursion for each of the
predecessor processes for the current process and add each of them as respective branches
to the root of the tree.

[00173] Table 5 below presents an example data set for multiple processes that
conversion control system 4 may analyze and optionally present to a user. Table 5
includes fields Roll Name, First, Last, Min, Max, Expected #, Actual #, and Comments.
Roll Name is the name of a roll segment for a particular process. First is the fiducial mark
with smallest associated distance in the local coordinate system of the process. Last is the
fiducial mark with largest associated distance in the local coordinate 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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[00174]
Table 5
Fiducial Marks
Roll Name | First Last Min Max  Expected # Actunal # Comments
AIS1-0001 1 144 1 144 144 144 forward
AIS1-0002 | 192 | 490 | 192 | 490 299 299 forward
AIS2-0001 | 762 | 952 | 762 | 952 191 191 forward
AIS3-0011 | 1210 | 1400 | 1210 | 1400 191 191 forward
BIS2-0007 143 86 86 143 58 58 reverse
BIS2-0008 81 1 1 81 81 81 reverse
BIS2-0009 | 475 | 350 | 350 | 475 126 126 TEVErse
BIS2-0010 | 333 | 163 | 163 | 333 171 171 reverse
BIS2-0011 155 32 32 155 124 124 TEVErse
BIS3-0125 | 1400 | 1222 | 1222 | 1400 179 179 reverse
CIS1-0003 88 140 88 140 53 53 forward
CIS2-0001 6 472 6 472 467 197 forward, data gap
CIS3-0001 164 | 155 33 321 289 280 discontinuity, data gap?
CIS3-0002 | 951 | 779 | 779 | 951 173 173 reverse
CIS3-0003 | 1225 | 1391 | 1225 | 1391 167 167 forward

[00175] To determine whether data for the selected process is associated with the
particular web roll, conversion control system 4 uses the fiducial marks of the web roll. If
a successor process has not or cannot join two rolls, conversion control system 4 may look
for overlap in the fiducial marks between the two processes. If a successor process may
have joined two rolls, conversion control system 4 compares the expected fiducial mark
and the actual fiducial mark. If the expected fiducial mark count and the actual fiducial
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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exhaustively search the data. Otherwise, conversion control system 4 may proceed with
the optimized search method described herein.

[00176] As one example operation of the method, the processes may conform to the
hierarchy portrayed in Table 4 above. The last process for a particular web roll may have
been process D1 of plant D. In this case, conversion control system 4 will gather all data
from process D1 and end, as there are no possible predecessors for process D1.

[00177] As another example operation of the method, the processes may again conform
to the hierarchy portrayed in Table 4 above. The last process for a particular web roll may
have been process D2 of plant D. In this case, conversion control system 4 will gather all
data from process D2. Conversion control system 4 will then gather data from each of
processes A2 and A3 of plant A related to the web roll. Conversion control system 4 may
then gather data from process B3 of plant B. Process B3 itself has possible predecessors
A5 and C1, so conversion control system 4 will gather data from processes A5 and C1.
Process C1 has predecessor processes A2, A5, and D1. Thus, conversion control system 4
will gather data related to the web roll from each of A2, A5, and D1, none of which has
any predecessor processes. Next, conversion control system 4 will gather data from
process C1 again, as process C1 is a predecessor to D2 (as well as to process B3).
Therefore, conversion control system 4 will gather data from processes A2, A5, and D1.
[00178] This method may provide several advantages. For example, the method may
reduce the time required to search for data related to a particular web roll or web roll
segment. The operating time of searching for data related to a web roll according to the
example embodiment of the improved method described with respect to FIG. 17 may be a
logarithmic function of the number of processes 74 present in the system, as opposed to
being directly related to the number of processes 74 present in the system. That is,
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,
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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segment 376A, comprising fiducial marks 4878 to 4885, and segment 376B, comprising
fiducial marks 4889 to 4897.
[00180] FIG. 18B is a block diagram showing exemplary segments 376A, 376B of FIG.
18A. FIG. 18B depicts how conversion control system 4 may realign the segments to
analyze the data from each segment. Each of segments 376A, 376B have passed through
the same series of manufacturing processes, i.c. Process A, Process B, and Process C.
Conversion control system 4 may use the methods discussed with respect to FIGS. 16 and
17 to determine segments 376A, 376B and to align the segments so that conversion control
system 4 may extract data regarding these segments from the pool of data from the
processes that may have operated on segments 376A and 376B. Conversion control
system 4 may then extract data common to segments 376A, 376B to mark positions of
anomalies or defects on the surface of the web as described in detail in co-pending
application Floeder et al., U.S. App. No. 2005/0232475, Apparatus and Method for the
Automated Marking of Defects on Webs of Material (filed Apr. 19, 2004, published 2005),
which is incorporated by reference in its entirety. Conversion control system 4 may use
the data in other ways as well, for example, to optimize 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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web 406 in such a way that analysis conputer 408 nust spatially synchronize
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[ 00196] A neasurenment system may acquire information directly froma web, a
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464 may obtain neasurenent data in thesgrossweb 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 Likew se, operation 454C may read
and record position information for each of fiducial marks 470C. Operation
454B may al so include a conputer and/or database to store local attribute
information and to interface with conversion conputer 480. [00201] Each of
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[ 00203] Conversion conmputer 480 may al so generate conposite attribute map
482 as a conbi nation of the measurenent or inspection data from processes
454. For weanpla494each of processes 454 may perform pr o®€TAiSpgs/00lbAI N
measur enent data, and/or obtain inspection data froma comon web segnent,
e.g. the web segnent defined by fiducial marks "698" to "14596" shown in
FIG 22. This web segnent may first undergo processi ng at operation 454C,
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identify actual defects. Instead, the system may generate and spatially register defect data
directly.

[00193] Moreover, although described with respect to imaging for anomaly/defect
detection systems, any data gathering means may be used with the techniques as described
herein. For example, data may be gathered 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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2. The nethod of claim1l1l, wherein registering the position data includes
translating the position data of the | ocal anomaly infornmation for one of
t he manufwot200901gp4pr ocess lines into a coordi nate syst eRCAASOWBAT@AI Wi t h
the different one of the manufacturing process to produce the aggregate
anomaly information. 3. The nethod of claim11l, wherein registering the
position data includes translating the position data for the | ocal anonaly
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| i nes, generating second |ocal anonaly information to include position data
for the dhbifionesHawewdt B Sepem mecagisgy it analpggus torthaf Bipdyg8biEsRRCEAN wi t h t he
first narkggtgﬁlt(téu ng process to |l ocate the anomalies within a second

coordi nate system and wherein registering the position data includes
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wi thin t REIPRECERIPaPhai@! ¢FRtEhe P y q
spatially synchronizing data may be applied to any type of measured or determined
attributes for a web, gathered using any type of data obtaining means. Examples of
attribute data commonly acquired from a web for measurement systems include product
thickness, surface roughness, temperature, pressure, reflectivity, transmission,
transflection, three dimensional height, detailed surface structure measurements, spectral
transmission or reflection, X-Ray images or readings, ultraviolet (UV) images or readings,
infrared (IR) images or readings, optical or structural uniformity, pressure variations such
as pressure drop, capacitance, haze, flatness, conductivity, color, birefringence, and
polarization. Examples of measurement devices to measure such attributes of a web
include radiation 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
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7. The nmethod of claim1l, wherein performng a plurality of operations on a
web at a plurality of manufacturing process |lines conprises: performng a
first setwofoepasmbdi ons on the web at a first manuf act uPCRGISPE0SOZ®SI | | ne;
rel oading the web on the first manufacturing process line; and perform ng a
second set of operations on the web at the first manufacturing process
line. 8. The nethod of claim1, wherein the plurality of manufacturing
process |WHe® adugpAemesolspatifgrarpandfockypplege BeBEause mpygravides has been

rel oaded 4 B . im1,
further - Copkfest DEaSBTRe BRRLHRRar FRARy W ot ot 3 PR ROt Brc 1R g
process lanasis astoispmuhpld precewsss. fAsppaséd todhe nwruffaacialyi dagy, pttdmite dant ai ni ng

the first nuf act yri ng process line to.a second manufacturi pl ant
cont ai ni ﬁgghgh@]é%eé%gat%g%ﬁdeSPWéG Hh TR b heapebeistis of fedige, of the'web)

rather than identifying defective or potentially defective regions of the web.

[00197] A measurement system may also, as another example, obtain data regarding the
web indirectly. For example, a measurement system may acquire temperature data from
an oven near the web, without necessarily directly measuring temperature of the web
itself. However, the measurement system may associate data from this temperature sensor
with physical locations of the web material as a product is manufactured from the web.
That is, there may be a spatial synchronization between the web material and physical
measurement data that can be associated between processes to a high degree of spatial
accuracy. Temperature data, for example, may be particularly useful in processes such as
annealing.

[00198] Measurement data is generally acquired for web processes in one of three
exemplary manners. One type of measurement system involves a single point sensor
acquiring data at a stationary point in the crossweb or transverse web direction. FIG. 21
illustrates an example of such a measurement system 450A. System 450A includes web
452A and operation 454A that includes stationary sensor 456. Web 452A includes
fiducial marks 470A. Operation 454A may perform processing on web 452A and may
gather data, such as measurement data, from web 452A and record a position for each unit
of data. Operation 454A may also read fiducial marks 470A and record associated
positions of each of fiducial marks 470A. Sensor 456 of operation 454A may obtain
measurement data for a plurality of downweb, i.e. machine direction, positions, but limited
resolution in the crossweb direction. As depicted in the example of FIG. 21, sensor 456
may obtain data for region 458 of web 452A. Operation 454A may also include a
computer and/or database to store local attribute information and to interface with
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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1010. The nethod of claim 1, wherein the position data registration is
performed after conpletion of all of the manufacturing process |ines have
appl i ed twe 20panawbons to the web and prior to the convec3iuspoosfo7aohe web to
t he products. 11. The method of claim 1, further conprising:

15communi cating first local anomaly information from an anal ysis server
within a first manufacturing plant to a conversion control system external

to the figndhodiaeiis BEY upe #ty Pimher of measuremery devips aVeh g5 2k inchisles fidusialc al
anonal y ipf o H%B.Oﬁg&raﬁgﬁ M?H@%gﬁ?g}&n@ Efo\é&r& ‘@@Q&ﬁ%ﬁg@ﬂ}g@&% i ng

plant to a conversion contro terna manuf act uri ng
pl ant; such aegestuednang dathefrémvad 4328. ;desnctnicacddviandttinayi abtamdati on wi t h

t he conversion control syste ner.ating, Wt conversi on control
syst em HORBAEHY %I%Sé‘ﬁi%%ﬁg%%% et ‘ﬁg% &%acl}%qovere%?fe%on_
det er m ned4BQLY 108 1AYRCELAIRitRRINRKalidH BF BRI FFiduaRfmRSANIBNITRAL i ng the

conversion control plan fromthe conversion control systemto one or nore
conver si oncthbdmiay pfondacionwentririyg highecrowb cb anddowndensmtial rekplothen ¢fener at ed
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computer and/or database to store local attribute information and to interface with
conversion computer 480.

[00200] A third method of obtaining measurement data involves the use of a single sensor
that is capable of moving in the crossweb direction. Measurement system 450C of FIG.
21 includes web 452C and operation 454C, which includes sensor 464. Web 452C
includes fiducial marks 470C. Operation 454C may perform processing on web 452C and
may gather data measurement data from web 452C. Sensor 464 of operation 454C may
include a traversing mechanism, ¢.g. actuator 465, that enables sensor 464 to traverse
operation 454C in the crossweb direction. Actuator 465 may be a motor on a track of
operation 454C, a sliding assembly, a fixed attachment to a moving cable, or any other
means for enabling sensor 464 to traverse the web in the crossweb direction. Sensor 464
may obtain measurement data in the crossweb direction while web 452C moves in the
downweb direction which results in a zigzag pattern of data acquisition, i.e. region 466 of
web 452C. Likewise, operation 454C may read and record position information for each
of fiducial marks 470C. Operation 454B may also include a computer and/or database to
store local attribute information and to interface with conversion computer 480.

[00201] Each of operations 454 may be coupled to a remote data storage facility, such as
conversion computer 480 as shown in FIG. 21. Conversion computer 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
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data of ttheufh éiGisalof FBHKSL rnarks. That is, conversion computer 480 of FIG. 21 spatially

synchronizes the measurement values from processes 454. Conversion computer 480 may
spatially synchronize the data according to, for example, the method discussed with
respect to FIG. 12.

[00203] Conversion computer 480 may also generate composite attribute map 482 as a
combination of the measurement or inspection data from processes 454. For example,
cach of processes 454 may perform processing, obtain measurement data, and/or obtain
inspection data from a common web segment, e.g. the web segment defined by fiducial
marks “698” to “14596” shown in FIG. 22. This web segment may first undergo
processing at operation 454C, then proceed to operation 454B, then operation 454A.
Operation 454C may generate data 474, corresponding to region 466, using sensor 464.
Operation 454B may generate data 476, corresponding to regions 462, using sensors 460.
Operation 454A may generate data 478, corresponding to region 458, using sensor 456.
[00204] Conversion computer 480 may obtain data (e.g., data 474, 476, 478) from each of
operations 454 and spatially synchronize the data using fiducial marks 470D. Fiducial
marks 470D may either be registered according to globally unique position information, as
discussed with respect to FIG. 8B, or may be position-adjusted to a coordinate system of
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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20 17. The method of claim 16, further conprising: measuring | ocations
of the fiducial marks at a first one of the manufacturing process |ines;
measur i ngwbaoexdiere of the fiducial marks at a second oRETAS2008870069
manuf act uri ng 25process |ines; cal cul ating one or nore offsets based
on differences between the neasured | ocations for the fiducial marks at the
first one of the manufacturing process |lines and the neasured | ocations for

t he secorl@0HKY Yariqusemhodinpends of thainvispibeiekayclbiepredescebefl. abissy rhothile of f set s
to the pasiii 0. i ly information. 30 18. The
met hod o$§%(g?ﬁ?%g%%ﬁﬁg¥%?%”%Q%%ﬁﬁg??%gﬁgﬁ%ag@&ﬁnre of fsets conprises, for
each of the manufacturing process lines, calculating an offset for each
segnent of the web between two adjacent fiducial marks. 519. The net hod of
claim 18, wherein calculating one or nore offsets conprises applying a

| inear transformation to the position data for each of the anomalies,
wherein the linear transformation includes a scaling factor cal cul ated
based on a ratio of: (1) a distance
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between at | east two of the fiducial marks within the first one of

t he manuf acturing process, and (2) a distance between the at | east
two of the fiducial marks determned 10 wthin the second one of the
manuf act uri ng process. 20. The nmethod of claim 1, wherein registering
conpri ses: identifying a set of fiducial marks formng a
segnent of the web upon which a first one of the manufacturing
process |ines ¢BAIMStf ormed an operation; 15determ ni ng whether a
second one of the manufacturing process |ines has perforned an
operation on the segnment or a sub-segnent of the segnent; and
extracting data"CHOMCEBPASBE the first manufacturing process and the

second nmanuf a ' I . L t :
?gh&%&ﬁlﬂ%ﬁ p@%’?ﬁﬁ@ toﬁ B5 & ERROBH L REL P 2 LREAIRE Qﬁﬁgﬂuﬂmﬁ%ﬁt he

sub-segnent u e first manufacturing process an
second mamodeastingsi ng process have perforned 20 operations; and
aligning the %thaé%(g:ta%gqu%%ﬁﬁ'portion of the web to provide digital information at each 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 the plurality of
manufacturing process lines to produce aggregate anomaly information;
analyzing at least a portion of the aggregate anomaly information to determine
which of the anomalies represent actual defects in the web; and

outputting a conversion control plan based on the analyzed portion of the aggregate

anomaly information.

2. The method of claim 1, wherein registering the position data includes translating the
position data of the local anomaly information for one of the manufacturing process lines
into a coordinate system associated with the different one of the manufacturing process to

produce the aggregate anomaly information.

3. The method of claim 1, wherein registering the position data includes translating the
position data for the local anomaly information for each of the manufacturing process lines

into a common coordinate system.

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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5 21. A systemconprising: a plurality of manufacturing process |ines
that perfoiiu a plurality of operations on a web; a plurality
of i magi ng devices positioned wthin a plurality of manufacturi ng
process |in&82003f4e¥E n each of the imaging devi ces seqblett§2a15(0y0062

i mages at |least a portion of 10 the web to provide digital

i nformation; one or nore analysis conputers to process the
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produce aggfega |y ;l.nformation; and a conversion control
systemtha?g‘anaﬁégglg%gﬁof%}%s 1?a portion of the aggregate anomaly
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claim 21, wherein th regis
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with the first manufacturing process to locate the anomalies within a first
coordinate system, and

(ii) when performing one or more operations on the web at a second one of

the manufacturing process lines, generating second local anomaly information to
include position data for the anomalies detected from the digital information
associated with the first manufacturing process to locate the anomalies within a
second coordinate system, and
wherein registering the position data includes translating the position data for the

second local anomaly information to reposition the anomalies from the second coordinate

system to locations within the first coordinate system.

1. The method of claim 1, wherein performing a plurality of operations on a web at a
plurality of manufacturing 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 ling; 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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9. The method of claim 1, further comprising, after completion of a first one of the
manufacturing process lines, shipping the web from a first manufacturing plant containing
the first manufacturing process line to a second manufacturing plant containing a second

one of the manufacturing process lines.

10.  The method of claim 1, wherein the position data registration is performed after
completion of all of the manufacturing process lines have applied the operations to the

web and prior to the conversion of the web to the products.

11.  The method of claim 1, further comprising:

commuiicating first local anomaly information from an analysis server within a
first manufacturing plant to a conversion control system external to the first manufacturing
plant;

communicating the second local anomaly information from an analysis server
within a second manufacturing plant to a conversion control system external to 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 actval 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.

12.  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.

13.  Themethod of claim 1, wherein the plurality of manufacturing process lines apply

different coordinate systems when imaging the web.
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14, The method of claim 1, wherein the plurality of manufacturing process lines apply

the same coordinate system when imaging the web.

15. The method of claim 1, further comprising:

applying a set of fiducial marks to the web;

recording a position for each of the fiducial marks when applied to the web;

after applying the fiducial marks, detecting positions of the fiducial marks at one of
the manufacturing process lines; and

determining, based on the detected positions of the fiducial marks, the position
data for the local anomaly information produced at the subsequent manufacturing

processes lines.

16.  The method of claim 15, wherein registering the local anomaly information
comprises franslating the position data for the anomalies of the local anomaly information

based on the recorded position data of the fiducial marks.

17.  The method of claim 16, 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.
18.  Themethod of claim 17, wherein calculating one or more offsets comprises, for

each of the manufacturing process lines, calculating an offset for each segment of the web

between two adjacent fiducial marks.
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19.  The method of claim 18, wherein calculating one or more offsets comprises
applying a linear transformation to the position data for each of the anomalies, wherein the
linear transformation includes a scaling factor calculated based on a ratio of: (1) a distance
between at least two of the fiducial marks within the first one of the manufacturing
process, and (2) a distance between the at least two of the fiducial marks determined

within the second one of the manufacturing process.

20.  Themethod of claim 1, wherein registering comprises:

identifying a set of fiducial marks forming a segment of the web upon which a first
one of the manufacturing process lines has performed an operation;

determining whether a second one of the manufacturing process lines has
performed an operation on the segment or a sub-segment of the segment; and

extracting data from each of the first manufacturing process and the second
manufacturing process corresponding to the segment or the sub-segment upon which both
the first manufacturing process and the second manufacturing process have performed
operations; and

aligning the extracted data.
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21. A system comprising:

a plurality of manufacturing process lines that perform a plurality of operations on
a web;

a plurality of imaging devices positioned within a plurality of manufacturing
process lines, wherein each of the imaging devices sequentially images at least a portion of
the web to provide digital information;

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 processes includes position data for a
set of regions on the web containing anomalies;

a computer that registers the position data of the local anomaly information for the
plurality of manufacturing process lines to produce aggregate anomaly information; and

a conversion control system that analyzes at least a portion of the aggregate
anomaly information to determine which anomalies represent actual defects in the web for

a plurality of different products.

22.  The system of claim 21, wherein the computer that registers the position data is a

component of the conversion control system.

23.  The system of claim 21, wherein the computer that registers the position data also

operates as one of the analysis computers.
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