METHOD AND SYSTEM FOR AUTOVATED | NSPECTI ON OF WEB MATERI ALS TECHNI CAL FI ELD
[ 0001] The present invention relates to automated inspection of systens,
and nore weanvewukasl y, to inspection of continuously noPCEHEISMISH66513
BACKGROUND [ 0002] I nspection systens for the analysis of noving web

materi al s have proven critical to nodern manufacturing operations.

I ndustries as i i i and films rely
on these i nspé%ﬁ%ﬁss@@ gﬁﬁ;ﬁ E@&W&?@@JE%@%FFW@W’%%d onli ne
process nonitoring. One najor di fMAGERIALS n the industry is related to the
extrenely high data processing rates required to keep up wth current

manuf acturing processes. Wth ially viable width and web
speeds that are typically used%%&éﬁ%@ti on that is typically
needed, qgp@t|aRRYrSichi APcRRAEGIRIR0 hiRbRaRH iRPEiAWTLL aSs OhdMRgabYt es per
second are required of the inspection systens. It is a continual chall enge

to proceswriiquglys teamspgster of eandiovorsit modebectbsdet ection at these data
rates. [0003] In addition, web process manufacturing operations are

becom ng nore conplicated with nultiple unit operations being performed on
a single roll of material during its _production. For exanple, certain

conpl ex web-based products, such %écflfgww)ci rcuits, may require as nany
as fifteen distinct manufacturing operations over the course of days or
even weekK8002Aflngnecuen $istinmgonthictanplysis pf owumigiverb hiasls havaprbier ericapteysi cal
sites. In t%ese cifrcumstanceﬁ it (%stteypi cal. qifo Cotlllﬁgt‘ tt.he web into a roll
af ter eadOPBTOERIYASHENE AP TP FBIYSIIS 48 VA G4 BBt PR OBPRABIEN ¢ i s
then unraldweds, 40 ITaS 8@ on Aide aBLM0ABYt@aE BHF botH Produdtbrtifick@sihariar ocess may
i ntroduce new anomalies into a web which %or may not cause the web to be

def ect i veonligp pEsowsrmonsigside q (stmaieiod Eiailiy ity induelry detebated Orihoexteamaly er
anomal ies..di fiflcult, .if . F i bl . R
t echni qu:nslgi'slz;i?];:tLl g}iebsC (E:Srslnt%erg{%? %erdunfﬁg%?ﬁ egﬁgtvglgl\%sﬁ pé&%ﬁ%ﬁ%];tg*lﬂﬁ%@d{é%s%%‘e slt.h Mor e
speci fi caldbgof cbanicagdiini vulels vdaébantd et shesdsitint aretypicaee tied ahad ppedt f or m ng
spatial registration and conbinati on of anonmaly data coll ected throughout
the prod J&%qlﬁwnéiﬂafds typslly nRgded; data ﬁ%u%ﬂé%mea%&f tepsricyen hyidrgdiofspat i al

registr a%%&gﬂfgg B&%P&ﬂiaa{r!? Péll#g%d @P&%‘?ﬁ%bleﬁ?&nasy%hﬂs.e TttiFQ 86ﬁ&irﬁl‘dg€lﬁ%né9%t iple

unit opera eing pertfornmed on a r of "materia uring Its
pr oduct i gmocesy amgeh endyperforochectiaendafery detecpinm & these dath rared.t i pl e producti on
1 nes Ove[li)ﬂﬁ] Igéhgi%gg,dw&elgrioggss (I?I.Ean'l[.l-argﬁlrl%tg o%iega{igrgsea% bgch&/n?lln(gf %llores icérggl'icated
with multiple unit operations being performed on a single roll of material during its
production. For example, certain complex web-based products, such as flexible circuits,
may require as many as fifteen distinct manufacturing operations over the course of days
or even weeks, often utilizing multiple production lines at different physical sites. In these
circumstances, it is typical to collect the web into a roll after each process and ship the roll
to a different location where it is then unrolled, processed, and again collected into a roll.
Each process may introduce new anomalies into a web which may or may not cause the

web to be defective. Moreover, subsequent processes may make detection of earlier

anomalies difficult, if not impossible.

SUMMARY

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

registration and combination of anomaly data collected throughout the production of a



100051 For exanple, during each manufacturing process for the web, one or
nore i nspection systens acquire anomaly information for the web. The

i nspect i onNOxyevEamHsmay anal yze this so called "local" amrowaiSgoosobeisat i on
and performa prelimnary exam nation. |Inage information about any regions
of the web containing anomalies is stored for subsequent processing.
Simlar techniques are applied at each process within the nulti-process

product i o¥cbofThahis, thepechnpes pipvigisfer Beispyial seiitratipn prd ombingiavefli on f or
each of t r ;1] " y

ot or mat {0 £ Pl BLORRE R ERnIL i cp bRk i8I FRAMY ¥

novi ng wahatomyl doeing dprdiuctde dvérmthaugyprloduationtirayercthiec aseafahyitiplof or mat i on
fromthe different processes for th b can. pe spatially registered. That
i's, the rREQHIEEPDfBCENGHAT 9X%§%ﬁ?&958§%@&ﬁ3&@@6ﬂ&??¥%@é °Sprocesses can be
al | gned_<uods Rl AFIcATIANR! dBd b BTG ARG Hidb &I BRI TABUDACHURbRO P OCesses
have spatial rel evance wth each other t% produce "aggregate” anomaly

i nf or mat iiospetoon syvenweloquitdP@RjaliThdoinmtiah fartbemley. dat aspedvucgsieiy nagch

manuf act ur i r.ocess faq ,web can be stored and reconciled with new
nequi red ABARIS dibgaled R RapmENd BEBRITLHG RS IORN1A TAHERWAYes det ect ed at

al | stagesa@inafiBR. RhASEFIrMEtGRIHREaRNRLIAS 8f B webl @h&ﬁmﬁ% BRom ARG
aggregated, nore sophisticated al gorithns can be applied to the aggregate

anomal y istdred fratsiibyequent geacessmig eSiamipr wehmighesded anntlisd bheast poercss wihinet y of
factors. JFor exanple, a.,conversion.cgntrol syste y. subseqguent |. ply
one. or - moremyft BIR-G o B fRBHSE s ot ARLHD eeTo R AT R PR R o R7:
ul ti mat elgiclgente at@uicaRMyeicdcttslantdges. a web roll. That is, the
conversion control system may sel ect a conversion plan having defined

i nst r uct i[8A01F e pprabsisfamation eensrrtedbdyringithe veregusprodistior Prasassat §6ri t hns
applied . i I I-0R- {RlLc, 1.e.,
aheci 11 c g rarrEIREREL B0 SRRL RN YT SRR, BRnofialy AR PRGSL It

opti mal uh¢ Hifeadnt procodsct foe thewel cdnl bdxpatd lyorgistvecdadhirae gathe redgpoctey dat a.
The conversiop control system nmy conmunicate this gregat e anomg y

| nf or rat (ARG T REER URRShG H{%r% pf%emécmbﬁ‘r@%@e@ SHhaRe B 1 or

pr oduci ngyph ARl FrSrehf QM IMRGUMEPprocd Q00 e THEdt 38 Rhc SRt Al dtnEagi St er ed
anomaly information that spans mnultiple mahufacturing processes for a

si ngl e wabrodmy “pgoviade’ armmalyauv@ntasige §qr tbawhb.as si gnifi cantly enhanced
process jt nal ysi s and control,, defective product cantai nment

Phor eased U hsdpsaskormed RatBRt dePi by i Bovaif e i ke FVEMEEER b of i
and a varg@by af re@bhgled Rethe¥RhcR@Rehhéaly HARQRLH FRF thRpAEIbLEs of 411 MY be
possible to maintain registration of defect position within 0-2 mm

t hr oughownomghicsedtiotes 3 abdtaees onwelr proeesingsgn hp endlpzedak adgeretime.t Opesy be
possible to | t] 1 e- f - pr E ernore, the
Gat ner ed “Hars Rl OB ER SRURGm Sy 7 RUR HedBRB R b hER Gt er ent
oper at i origformhtisral dtEmiteaangestiablidcdtobat ofatviagiadylof fickhreC Fotlefagiiid, e parts
even if the defect is undetectable in the final product. 100101 In one
embodi e rfONVEIHEN CAREN 1Sy HRMnsayFTubsrquertly #ply fes prgBoIEsisfct deteiiofppl yi ng at

| east on i i : f 1 ral i

opor at  ona 2 hn i ek CRdl Qu HERmAGY SRS APt pRs oy 4
first opewdtiotin Tihat @acthe co@rcgombdntrodsystans inagaolech ainecsioatpdan hisvinyg t he at
| east one, set of fiducial marks, wherei e first set of digital .

i nf or mat | GHIFHEOSHHONS G4 PSS B thy ol %‘{ﬁFéiF%e Sdetdiiop algogHinsipnting web,
generat i ng fic $6ARFE&nyel slth kb bk abAIERLAIRAMY 8. SREATAQRELRA On i 1
accordancé wth a second coordinate systemusing the at |east one set of
fiduci al potankis] pratedtsite ptavedesfer mwrtaswst oraptidiayittiledatiom bdtheatdbonll ibagddiodie s
position tgata fort a seciogdt S@% of re ionstroE the web, re istgthng t he
posi ti on HRPEEET HPTFAY €125 A0 SYTERGTHIRN Eh T SR TR SP 'gar'dfor the
second sefgoRizalc@UbRRR thRrRLACHER] B8 I6RARich flah @ o ¢t RGteRBAYrIBN Sites
conversion control plan. 10011] In another enbodi nent, the invention is

di r ect ed fopprpdyging eradupts figdt thg veebpl ural ity of processes that each perform
at | east one operation on a web, a plurality of data gathering devices
positioned within the plurality of operations, wherein each of the data
gat hering devices sequentially retrieves digital information fromat | east
a portion of the web to provide digital information, one or nore conputers
to process the digital information to @roduce |ocal data for each of the
operations, wherein the |local data for each of the operations includes
position data for one or nore regions on the web, and a conputer that
registers the position data of the |ocal data for each of the plurality of
operations to produce aggregate data. The system further includes a

o o, I o, o, o o - Y b1 e




[0013] The details of one or nore enbodi nents of the invention are set
forth in the acconpanyi ng drawi ngs and the description below O her

f eat ur es,wobp@atiggisand advant ages of the invention w || Po@/Usp@anessu3 f r om

t he description and drawi ngs, and fromthe clainms. DEFIN TIONS [0014] For
pur poses of the present invention, the following terns used in this
application are defined as follows: 100151 "web" neans a sheet of materi al
havi ng a [PP9&8dhsiuse aEsrsbially ragidergq peeragly infarationtthaspansgpdéisleer mi ned or

i ndeterm ﬁﬂg} ' - ' i.on.; " ntial" neans
t hat ani%ﬁgﬁ?#s r%%%“%9858%%g%gggﬁ%ﬁpg%gg%ﬁ%ﬁg%k?%ég%mbiﬁgggas of the
web that sipiificatlly ynhmped progessiquglity ahelwsiofing emsml, difeneapsodupi xel s); 100171
"pixel" nmeans a picture denment represented by one or nore digital_  values;
[0018] " dePBEMenaFeassd ufheemolihe el 6%@»0@% EQSL RCTEASS TBYRRME OF PIod 81

"anonaly"<@ﬁ-§a?qﬂggi fntifBfRcfsdevi ation from nornmal product that may or
may not 6% ale e ectfpgegéndlna gh Its characteristics and severity. 100201

"filter" [080Y hreichanple) it alaytbe posdilole hamiaonaiofegsiratiop of défeetgesitionavithesi r ed
out put i e, filters arc typically used to,enhance contrast qf a desired
or oper t y e riigERg Jsent 0 Btucig iFochan AR FRBRG b e gty ReaPriPiRg
requi r emapgonti®y Gaste-Byadescl BYQIch subPEREsOFukMBrmidtt aRE gatheiee dh@mdshe web;
100221 "yiel d" represents a utilization of a web expréssed in percentage of

mat er i al ,provd uscfilmbeptinazingrnsde combmed dionedidicrrnt oparatians; It m@nalsa be pr oduct s
b, o o oI R BARG BBt E ol P e BB AR BREY Y 2o
tel evi si dihasprodes. and [0024] "conversion” is the process of physically
cutting a[owf'\o] Ilnrgil(e) errl)lcbggilflnceglts, the invention is directed to a method comprising applying at
least one set of fiducial marks to a web, performing a plurality of operations on the web,
generating a first set of digital information for a first operation in accordance with a first
coordinate system using the at least one set of fiducial marks, wherein the first set of
digital information includes position data for a first set of regions on the web, generating a
second set of digital information for a second operation in accordance with a second
coordinate system using the at least one set of fiducial marks, wherein the second set of
digital information includes position data for a second set of regions on the web,
registering the position data of the first set of regions and the position data for the second
set of regions to produce aggregate data, and outputting a conversion control plan.
[0011] In another embodiment, the invention is directed to a system including a plurality
of processes that each perform at least one operation on a web, a plurality of data
gathering devices positioned within the plurality of operations, wherein each of the data
gathering devices sequentially retrieves digital information from at least a portion of the
web to provide digital information, one or more computers to process the digital
information to produce local data for each of the operations, wherein the local data for
cach of the operations includes position data for one or more regions on the web, and a
computer that registers the position data of the local data for each of the plurality of
operations to produce aggregate data. The system further includes a conversion control

system that analyzes at least a portion of the aggregate data and that outputs a conversion

control plan.



BRI EF DESCRI PTI ON OF DRAW NGS [0025] FIG 1 is a block diagramillustrating
a gl obal network environnent in which a conversion control systemcontrols
conver si omoahovmisigat erial . [0026] FIG 2 is a block di agrarseéosloasstis ati ng
an exenpl ary enbodi nent of a web manufacturing plant. [0027] FIG 3 is a
bl ock diagramillustrating an exenpl ary sequence of procedures and

I nspections for a web. [0028] FIG 4 is an illustration of the web

manuf act UPPHY laaehanoghar seopéimeah dhaimapytiongs dijegtedio 4 @uygpion|caarolsasts® ar e
di agrans .|l t e [ 1 al | pi cture
of “an- exe HAbAE DRLEKATRGRE tad oD g Ry MOARE Grredtit o

i | 1 ust r atdangfremwaiturality dfiieffabantescallectirymubdtdersgesocianal wilh aglurhiéylodt er

i ntroducti on of new anonmlies and maski ng of previous anomalies. 100321

FI GS. 8A PAPCESES that sagh) Rselorg ah fasiAncioPPisEPR P e Qfénaéaf@agengftr%r?a%‘fo ata in

d ' . (& i ' i ' L pRd
accor aangge gg?;cgs&%éc"ge eXeRd ik rﬁﬂpﬂﬂio'ﬁﬁﬂflﬁd ﬁé gBQﬂoﬁ gah %&;&gﬁgﬁﬁgﬁhg Pﬁ o web.

herein. [00 9 1s aflowhart illustrating the pr
[ 0034] FItls: wtb, 4 enaputdraba iregistersithaipdsitain daga ofibe lovspatribiutmningirepsonfora

| j ) 0351 FI 11 i fl h il trati | .
P ecomer | ithe Pl Shmea §hipids ibef dres tmnfugeret g St RuE Sl Mo
e ar YinER0H T30 <ob B3Rk aflicksherud s QURRAkrdsbleisioalc o L he st eps

for reconciling the data gathered froma plurality of processes in an
exenpl ar ynemedemierdetermine which regions of the web conform to various quality levels for a

plurality of products.

[0013] The details of one or more embodiments of the invention are set forth in the
accompanying drawings and the description below. Other features, objects, and
advantages of the invention will be apparent from the description and drawings, and from

the claims.

DEFINITIONS

[0014] For purposes of the present invention, the following terms used in this application
are defined as follows:

[0015] “web” means a sheet of material having a fixed dimension in one direction and
cither a predetermined or indeterminate length in the orthogonal direction;

[0016] “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);

[0017] “pixel” means a picture element represented by one or more digital values;

[0018] “defect” means an undesirable occurrence in a product;

[0019] “anomaly” or “anomalies” mean a deviation from normal product that may or may
not be a defect, depending on its characteristics and severity.

[0020] “filter” is a mathematical transformation of an input image to a desired output
image, filters are typically used to enhance contrast of a desired property within an image;
[0021] “application-specific” means defining requirements, ¢.g., grade levels, based on the
intended use for the web;

[0022] “yield” represents a utilization of a web expressed in percentage of material, unit

number of products or some other manner;



100371 FIG 13 is a block diagramillustrating an exenplary enbodi nent of
fiducial mark witer. [0038] FIGS. 14A-14D are block diagrans illustrating
t he posi twongowfi4sari sting and inserted fiducial marks. PO03S200B05115 is a
flowchart illustrating exenplary operations involved in application of
fiducial marks to a web. 100401 FIG 16 is a flowhart illustrating
exenpl ary operations involved in identifying spatially synchroni zed areas

of web mdfB823laipraduetsugreohe indinidygd seeapialspaelicued fyasopairaneyhprodeguftam | G

17 | £l o . § . ‘ : ‘ .
S ealr i h as paa‘ggeﬁ % fagr 'd aIlteléﬂag s} %r(a:sfhg%}gebé (}?/fwl%{rﬁJ %éérq ﬁ@ﬁ{e gﬁsjp% Eor Irag%q?ls]lgl%ﬁé 8‘%5’?%%#%!5” ’
18A- 18B ¢00624]|‘eokvailsiagtiants: prbtass bf pliysigllexatmipp e webinagognrts W t h

overl apping fiducial marks. 100431 FIG 19 is a screenshot illustrating a
conpari son of data gathered fromtwo process lines. [0044] FIG 20 is a

bl ock di agram that depi clgRrigk BESCRIPTRONOFDREWIRGY e enbodi ment for

appl ying techni ques to spatially synchroni ze data, such as attribute or

anonal y 0451 H 21 is. lock diagramillustrating an. alternative
eroai oA e des Rtk dlbrdr Ul B SRRk PR B B eerm o

col | ect i n@nt@sioH cen®sltsystamaohfreldicanwedion bR Mateki@d. 22 is a graphi cal
representation of nmeasurenent data gathered from various processing and/or
nmeasur i nd98#dHEEG; it blpekrdipgrm @E@@%@WW@D@M@MC@@@ 9f@ veth| ock di agr am

-‘%gﬂgntnetv\ork envi ronnent 2 in which conversion control
(0)

illustr atdlélﬂlf@ct‘]ﬂjn
system 4 controls nversion of web material. Mre specifically, web

manuf act yod2iy FGahisa BldeloMagtaneiluseniniantesemp@rpscgnt e @t praceures amnt
manuf acturing.sites that produce and ship web material in the formof web
roll's 7 HBIRREENSEGCh™Sbher and ship finished web rolls 10 to converting

sites 8A-{obg b ARH ﬁ‘l%%t‘r%tioﬂq)_f%ea\%@mﬁnﬁ‘ﬁé’tuﬁﬁ%giﬁgggﬁé&%ﬁ%hél ¥ndll$¢ 11 but ed,

and each of the web manutacturing plants may i one or nore
manuf act wystag. process |ines (FIG 3).

[0029] FIGS. 5A-5B are diagrams illustrating exemplary fiducial marks.

[0030] FIG. 6 is a picture of an exemplary fiducial mark reader.

[0031] FIG. 7 is a diagram illustrating a web and the changes it may undergo, including
the later introduction of new anomalies and masking of previous anomalies.

[0032] FIGS. 8A and 8B are block diagrams illustrating the aggregation of data in
accordance with two exemplary embodiments of the techniques described herein.

[0033] FIG. 9 is a flowchart illustrating the production of a web.

[0034] FIG. 10 is a flowchart illustrating the inspection steps of a process line.

[0035] FIG. 11 is a flowchart illustrating central reconciliation of data gathered from a
plurality of processes in one exemplary embodiment.

[0036] FIG. 12 is a flowchart illustrating the steps for reconciling the data gathered from a
plurality of processes in an exemplary embodiment.

[0037] FIG. 13 is a block diagram illustrating an exemplary embodiment of fiducial mark
writer.

[0038] FIGS. 14A—14D are block diagrams illustrating the positions of existing and
inserted fiducial marks.

[0039] FIG. 15 is a flowchart illustrating exemplary operations involved in application of

fiducial marks to a web.



[0048] In general, web rolls 7 may contain manufactured web material that
may be any sheet-like material having a fixed dinension in one direction
and eit hewoaoproadsaser mi ned or indeterm nate | ength in tReTASROV8HcETRS
direction. Exanples of web materials include, but arc not limted to,
netal s, paper, wovens, non-wovens, glass, polyneric filns, flexible
circuits or conbinations thereof Metals may include such materials as steel

or al um A0MOIEGe A6 ifefieweharyillpsieating exgaplrbieperaion dyolwdmn idstBiéng ncl ude
mat eri al : i Ly, . 00 ] pal . Filnms
incIude,%?g%H@Egﬁ%FQ@B§£g$g%%ﬁg%ﬁg%%g%ﬁgﬁ§ﬁ%$§g&gﬁ#%gmgﬁ%ﬁﬁ%?ﬁg | am nat es
and coat egefations. 100491 In order to manufacture a finished web roll 10
which is ready for_conyersion into products 12, unfinished web rolls 7 may
need to UARHJdCpr dtestovigharYtrlingicprrapspodesdions H@gf@ﬁﬂ%ﬁdumngm n one
web manufagtHthRg opalhssobted Witk pAMula By PRRUF acturing plant 6A, or

W thin nultlpF manuf acturing plants. For each process, a web roll is

typi cal | O FI&S. d8AeliR ercbiddk diagramshiustiatinpeexasipld welf sgnientsovitihe
manufacturiﬂg@oroi:lgss.1 After each process, the web is typically collected
agai n i ntG a"Meb? Fof 9 7"t noved to a different product line or shipped to
a di ffer qoo4318mn0f 88 isW dcRGnfHod Niustriie) LcdrhpdrBoh B?ﬁht&'%é‘cﬁéﬂe_@@r@nﬂv@ﬁﬁ%@@g, and
again collected into a roll This process is repeated until ultinmately a
finished lweb roll 10 is produced. [0050] For many applications, the web

mat eri al chy, of 0olls . have nuner gus c¢oat i.ngs |ied at one
or nor e JOHCARCD RiaiEkdifid e i S R D R B Pl e
coati ng ifsr ggnghakdchiniapey toagatidlyapnxpesedats bitiageataibud stwonalbése web

material, in the case of the first manufacturing process, or a previously
appl i ed d8831AJG: Al isreblegls diagnyillasidwgremitermaive abedimant gt slniqmssanyl es
of coati tngl LYes ] i i oat i ngs,
netalizegﬂ%%ggﬁﬁggﬁhneﬂﬁﬁggﬁ)eﬁgﬁ%gﬁgggﬁ?ﬁ%g%&%€@§?$ﬁggﬁf§5@6ﬁgﬂ%tive or
noncondud0d4¢} KIGal? igsgrapliicdanfrcseatation of hleesieahcrA dgiavarhocabfromyariays be
applied to onl. a.fortion.of the web material or may fully cover the
exposed éﬁ?%ﬁ%ﬁgﬁ?/?%@eﬁﬁﬁn%ﬁP%??ﬁﬁ: Further, the web materials may be
patterned or unpatterned. 100511 During each manufacturing process for a

gi ven one of web rolls?, one or nore inspection systens acquire anonaly
information for the web. For BEAAPLED RESCRIBTIOAMt ed in FIG 2, an

i nspection systemfor a production |line may include one or nore imge

acqui si ti[0MTeMGe eSs Pblvick dgesh ilsehtafpen @obadindtviotk kavitditnd® Dtin Maths| y
noving web as the web is processed, e.g., as one or nore coatjngs are

appl i ed tENYHEOREPNTOtFESIERERONEOFOBY $PIEA Of Bigh @@éersaé-aM%fémféxﬁcag% W tions
of the c i kRA L0l giot al s .1 nspection
yst oms. A R bR P B Fleh ) R b At R e
so cal | editets thaaprodacecamd!sitip wElomaetibbin. thd foemartovabl rplls Hhbetweat caoh oty abeé

referred tpo herein as | ocal anomaly inf i in that the anonal
i nf or mat B E%ﬁféqdawﬁratw#lﬁiﬁ (R BB B S b S B %fébaﬂqgsplglﬁ%g?%yycbet 0a
coor di natg,sy3hiefy @g@ibulea,; arﬂireagﬁ BefR b HRFRYrind NEnP HRGYSELLR bl e

currently in use. "As described below, this local position’informtion my
be neani ngéressanufacotrherproesufisest(ifG.ny. pl ants or even ot her production |ines

wthin t manuf act uri pl ant.. For t.hese reasons he | ocal anomaly
ot or mat | BAPEIT SERGH. S5 ol PrBy BT ard BERRT Al BT g 8 an

spati al | yhe&diletredteehl Watiig Qtfhel dielondR @B UMK cthanaRIth&h fredetéhan&Pore web
roll. That is, the position information associated with the |ocal anomaly

i s transliadeermipate langinprnheeshagonaltdiresiyen. diganpled ofgyebpoateriils tndlyticobwtat i on

fromdiff t. fa i roce appl i to the roll 7 or a
Cooment | oF° ERTRMHCAG LS PBNIRERS TPadPRIcE LidQ. dlfinSRTRERLBIL 7 O

aggr egat ei@aeaad yonbifhDionEthceddf 0 MugalS fla éedledt savkl natdraned swet br A My
information for at | east one or possibly all of the manufacturing processes
for the sWRECHRasnerally ingludeygrious fubries. Yy ewiingludepicHgls ewgh as paper,

manuf act uj 0 : Lmge I J i Lnformation)
for any ggg?%ﬁgh%?Fﬁﬁgaa m%%ﬁ?gﬂﬁﬁﬁg&gﬁgﬁgpf%%mﬁggg%%rgﬁié%%ugubsequent
pr ocessi nm@plynidrat filing, int¢lhéing dmninateg endledazedsfilnrsoundi ng an i dentified anomal y
is extracted fromthe stream of pixel information obtained fromthe inmge
acqui sition device and stored along with position information indicating
the specific location of the anomaly wdhin the web, both with respect to
t he di nensi on across the web and the di nension running the | ength of the
web. | nage data not associated with anonalies is discarded. Simlar

techni ques are applied at each process within the nulti-process production
of a given web roll 7, thereby generating | ocal anomaly information for

4 Y T o o, F Ao~ R 1




[ 0056] For exanple, an inspection systemfor a first manufacturing process
applied to a given web roll 7 can submt its |local anomaly infornmation to
conver si oNOocommaedissystem 4 once the first process has PCHitsh@d/ o663 s may
i ncl ude coordi nate systemreference data describing a coordi nate system
utilized by the inspection systemwhile collecting the initial |ocal
anomaly information. Then, inspection systens or other conputing devices

associ at d80491tIn osdge o BaBulaeiuEy finahesk wel i Wyvbieh scsadaiopcoaersion kat sane
web roll j { ' : t he
st pr R L g e B B R B, "Gt o
for any rawh yitigatlitieond welahmaan@omliyg phihgforinsteinccased htinofictuding péant

coordi nate system used during the fjrst manufacturing process. .

ment i oned 4T et PRI MABRAGETEE BHNGoRer %Chﬂgqeéﬁnw%yﬁﬁ Seisaly Ml
anomal v I LAEIRL IR FORATHERSE 00y 8 FRIMHEREMUEINGIRTRGRSS CRricl Bk I S
manner, all of the position data of the |ocal anoma I nformati on gat hered
from al | precess,alt web sgypcaGesdlestefl @gain eo saved mbly andirhovezdean difEerergconci | ed

so that all, 6 anpmal oys regi in web.roll 10 are, known_.regardl ess of when,
that 1s, POy erotpmse S8 Ml miRB AR e T h SR d e e BBYRT: Conver o: on
control S;M§ée‘§§8d4avﬁpei§fah€é?olléﬂt%d%to AR5, URlsPedcesiel 86fchRn vatiD@tikdalpat 0 the
aggregate_anomaly information to ultinmately sel ect and generate a

conver si dmiglednvabgpll dddhpiedicadol | 10. Conversion control system 4 may
select c ting sites.8 based on one .0 [.e,parapeter and ultimtely
ey di r edDoTild B0 iR aRS i PFy ety Fhosh 8F SAHL S A5 RS i s,

conver si aiunt@dlis'oohtisysHppit HatSRk @€ hifore prddadcticaUtrerBt 66t &mseWebaut omat ed
manner, converting sites 8 for converting web rolls 10 based on gne or nore

site sel dBUGEIHHIZAMNMEPs The Gedingds eencraiytanphediipcan expoedisyrfpcy ehaather &t t he
STt e sol ERY BED MR, if o CHOUIRS HAR nERIRL RinBXRRE, S IBIelaly ARIEL"CT,
of producistid@inahe tdve of asulxeguao maanfacuging iptesss3, Examplanif cpatog dicleizmand

experienced wi thin the geographi ¢ regjons . serviced t.he converting sites,
shi ppi ng a@ggilgesa%deq%%ab?%ﬁ%ﬁ)_aeﬁﬂ%ﬁéﬂ%@s@@raiﬁ%@ PR, @a%trﬁ&ﬁnstlwe_
converti %aéﬁéseélectﬁeﬂlfé%dhét{%‘o@ rrlbﬁé&ﬁhctﬁfe%5§ng%,e6'1dédﬂgoi§étioh's" FhehQRVArti ng
sites. [0058]° Based ori the selections made by conversion control system 4,
web rol | fiddh @atngmappedppleddonubri pargos df the v&A-Bie1idl oo meagrftiiingowi tles 8")
whi ch may be geographically distributed within different countrjes.

Conver | igpsietaats R fened ettt 4 e Rufrisanay be SR e s

Speci fi calnp¥terf@th of converting sites 8 includes one or nore process |ines

t hat physically cut the web for a given web roll 10 into numerous
i ndi vi dudP0SHdauring ¢aghimandiggiluripamresessoior pgieneus ofwbd ralls| s ong ef wpreed t o as

Conver Bt eGP bt Pl TENER, EOTYAHAOS A eBhonr o

| i ghti ng i8¥$GeMtn iSipattiar dyytenofoh @ préddactidn hifie MaP inthidedndlos nivey inkgeconvert ed
into products 12 of different shapes and sizes dependi ng upon the intended
appl i cat iaAVIBYiop dstisararositipnad TuNoseRiOxHEEYER dheepufinueusbrmaying sypbes g sit es
8 may be - f.qregejvi i . I and each
converti nvgag’? é&ﬁ%ﬁd’pefgaﬁscde&g%r?#%% géﬁ%ﬂ%ﬁ %%? gé’c{ﬁ)"lﬁg\;fgﬁd?ﬁ%ﬁg%et he | ocation
of the coryestiongesictsescamsedubntigapttions batherwertisuonslycustiogerh taddbtain0059] The

use of spat. I.Ig r@gl s@er.ed anomal¥ i nformation that spans. mJItinI e
manuf act _glﬁg ing s e KNG 197PeglIan NEFRNWBRY Ay 5T INeRse RV 0BHOHYRE, such
as si gni feafhhny ANGeD RNAFesS AN hdlY ifDRhH DS TRRAnGARY iRformA@ect i ve

product containnment, increased utilization of the web, reduced cost,
i ncr ease meyvenugécrod tphorfeirt asdnchl angmaly enfprofiticot inehat plot @omniady mbemetions. For

le, it b i.hl e. i ntaj i strati f defect it
ot 0-sshsA G mBR Bl it RD s N bk 30 6 ot e ey SR PR B vt on
process. Afe@NPULRIbyeNRMb&uctioh [IFBYuREtRAE k! &5 HosctB&NbIISY, hRIberd bycause

for each sub-process. Furthernore, the gathered data may prove useful in
opti m zi mysigntrfoppatisintady be areninglewsrte athes punafacwnsg plantsaryeven edehe

Ut oot ATARERERRE! PR Py 15 Gk RefErS e Ralng, BEIEL o, ' ©

illustrating an exenplary enbodi ment of one process line in an exenpl ary
enbodi mrent of web manufacturing plant 6A of FIG 1. In the exenplary
enbodi nent, a segnent of a web 20 is positioned between two support rolls
22, 24. lmage acquisition devices 26A-26N ("inmage acqui sition devices 26")
are positioned in close proximty to the continuously noving web 20. | mage
acqui sition devices 26 scan sequential portions of the continuously noving
web 20 to obtain imge data. Acquisition conmputers 27 collect inmage data

o - - - e e e



[ 0062] The inmage may be optionally acquired through the utilization of
optic assenblies that assist in the procurenent of the imge. The

assenbl | esOrzay/es18i t her part of a canmera, or may be separaiSeooBesms 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 web
surface deperbeinfomstiosobningd duiing tedreducter Fasach afpgesmlr’dusnadillyar k
controller_. : N ' 9 | ] act |.I.,and position
i nf or mat ﬁg%@f%egi%@&lﬁegﬁl%l_o E%é&@%ﬁ%}l Eﬁﬁgﬁ)(%ita Sahrr%r\i&cljgﬁt rT g ﬁ%’rth?ray i ncl ude
one or nyoeitiohatifor@idncasseitged with olic Ibedanogalyas tramdkesd ora ainm@on i ndi cia from
web 20. In addition, fiajuci al . mark_ contro Ier.?O may receive position

si gnal s fEOBFAIRHESHECS &1gR RgRItGR drfoENiondB 4] %elér%%@&twntgwrwawéo and/ or
rollers : ?l”% i .7 T | f ol | er 30
determ ntza% plﬁ%gtiottﬁgﬁﬁlgen?g? %gtle? (leﬁé % ; r egéﬂggﬁ%{:{'eﬁ@%{ %ﬁlgﬁfﬁrg%%% lIizsgr

exanpl e, rtfedwdit@hernmrads aggegatolahenalg0nfvayatpmoshee eolbasid dndralignédbwitht i on

| ocating each, detected fiducial mark wi.thin coordi.nate system ied to
e pr oceSemnaton ey il Gafpre o fpi ol ofpS PRt bE Ry RS Bk of 1t e
det ect ed Hduedpablimar ks within the coordi nate system based on the position
data received fromfiducial mark controller 30. In this case, the position
dat a pr o8 Morerspeeitirally, darite esshtnmaniufastur@g presess, dpr iswgatinfdinatindes.,

bet ween each.fi duci al.. k in a.di ion along.the | engt.h of b 20. In

oi ther caod Py dgiriong ol ng st il e B Somtiiine AP el iRa® s8¢ 80 a " posi ¢ on
i nf or mat iaBsdqerdMadoesdise. CONRPR K, Bic rd®- imaQO84th sdn@lndsigSarcidemificdrandthalriocesses

i mge streans from acquisition conputers 27. Analysis conputer. 28 processes
t he di gi tafrasted opethe sicam phrigpldntrmgercobtaingd fomghg Fprgeraeguisiogslqsicat e

| | v i ¢ Pl Lt . ‘ a DT
anomal | oo Rt U8R Rl B PR b Aol ih oy Bbing ST QhioHRE yRaBRALA M 1O
anomal y, waittah yisd wclg bophuk el rBece xd thadlimerdsiconackdse thamgearditha dancraivamal y 1 mage
t hat t ai i xel i th I d 1 0l

U T oundiER BB BRe BT fleb o ITAR A MS! BOpRIEeP A Y B A AN anomal

into different Gefigcd ofd 433188 al facRPFESSAN Hhin TR mLRSHRBES pridielién BBY be
uni que defect classes to distinguish between spots, scratches, and oil

drips. Ogrem ettasdlies thmmgbydiestianggichl hemebemfdroratine fortopplesf tf def ect s.
100651 Based the.nposi ti on dat a%gproduced by fiducial mark controller 30,
anal ysi s BOMREUIEISOSI S b nd&e%he spatial position of each anomaly wit hin

the coor C{bﬂ_ﬁlﬂeﬂ_@/l%zﬁ Bh&hall hefoRh nkiafQ dufidgtihd SarioRdpRAuBbH BRSS! tion
data fromfiducial mark controller 30, analysrs conputer 28 determ nes the

x-y and posticsngyring yek istthencdramueigathd imenvaripion; coniral synemeb orhgirntiedoa) st em
used by t rr s. lipe. F I a cqordi 1S y be
ot i ned UOREBER RS RGN L UM Rl ERER R e oG PR ELITIRENEEERITY 27,
di mensi orTHae Ry teetipsctavctingirancCiaf@matign fohethgdiff@dént el cartlbe dlh@ca

di mensi on represents a_hei ght of the web, which may be based on the nunber
of coat i riysh thehtheppamalies frey e diffgirat wamHaciong Pipcasspt havg spyial pdevqese

Mor eover , ; i LB t ined at a
physi oal T EngRh i fodbnt sudleac SRR AL RR B Mmoo B8 L e wi £
an i niti dpafidedgiptracamant oaiur ttremywmie AGingfhe ocaell dianafaetusivig pervesketigned f or
the current process line may not be (and is _typically nat) the same

coor di natBTERRERT Fgke if)e Hi%te/ﬁpwgsw%w%&}éwew&&é@éC%Iﬂ?ﬁ%t)ﬁ 0 web
20. 10066 thopRJYssEASKIor NS, ¥ital RIS mad bk ?&%%d. RnfAlARAGEs32 the
spatial location of each anonaly with respect to the coordi'nate system of

t he pr ocesithihicomyersidn soritrof oysten #oor lbeillygt refenrvedd manieteiing pignt ogsahg
anomaly ipformation, That i.s nal ysis conputer. 28 stores the |.qcal anomaly
0 or 1B BT sl PR drofn Bl S ndpe R B 5P

posi tion dipinokemidiion for each anonmaly, w thin database 32. As described

bel ow, the | ocal anomaly information generated for the current process line
i s subsed083dliIp general, apnvgrsiamsastiof sxgtam f ApPlinsane anownd Jefpdifdgicrden on
generate . [ +.Rr ie r . abas may be

i npl emen'(tja 1 }tﬁﬁgﬁh% gﬁygeﬁﬁﬁr‘g%ﬁo% Eecf?%i% g‘re é%?e%%fzcﬁggxel{@?fsul § %Og&gecgaa%g st or age
file or one or nore database managenent systens (DBMS) executing on one or
nore dat abase servers. The database managenent systens nmay be, for exanple,
a relational (RDBMS), hierarchical (HDBVS), 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 Server'' from M crosoft Corporation.
[0067] Once the process has ended, analysis conputer 28 will transmt the
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conversion control system Conversion control system4 may sel ect the
representative coordinate systemthat is to be used for spati al

regi stratworodzadéetsison a coordi nate system associ at ed w PRTIUSR00BI06ES3
manuf acturing 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 sel ected. Moreover, conversion control system4 may define a

coor di nat&neiE aeanyprfoarida for eerh wehrodf 10 Hecr st anamale may sesatgn aslsbet at ed

with the .pr ty | I i I st L ur g ocess
may have Tedop st R TuritO B0 HAMR U arald SinoTRRELER HdRGRH

al ong t herbdunrgtfor mbtaned) pRductTidB. cichenhvqasiot s, refroswawatefinadinstrecand

fiduci al rk "38" at 76.038 .an offset of .011 m Analysis computer 28
(or opti ﬂapme%weqoﬁempném{ﬁ%ﬁwéy@béﬁh480Fogzsﬁéwatca@ffolééﬁ?méh i zed
conmputin I j : b the current
P bess. e B o B e B D YRR (e Rprper o
process. cbhatrting sitdsr&ofior tibreinexangtieg tisove, rolnaity pioslucteiput er 28 may

transl at osition data for the detected. fiducial rk "38" t tch
the. posi (PRF 1B SBLSH GIRPEH Febte T SE oA USRS O B S e ipaf o
conput er 23 cklgieGideradhe ANMIHRE hadh faBRFIE pfitedsls, WLd 4t calRtdHySwapnput er 28
applied a sinmlar degree of translation to record this anomaly as being
present anapdasiteningplZgs 684 spatiatihiesonqiled ghd pnadyroddy forfios campespk defeble

e ect 0 B 26 HELA Dk RO, S RTINS R RS A
det er m neghapadsd aAgtwith ositioRrhfop@stid @Pre@éntfnigdbi€ioahtisIok anciBilicdpd at he

prior recorded position of the same fiducial mark. Analysis conputer 28 may

use the sutherodf Spatial gpcopeiiation phaomaly eaa Funithe be flone dacrntgldetian. mar k
and anongy ¥y, , 0, @Qﬁl%sdoﬁtﬁp%gféhleﬁ{ o 5ﬁ?¥ro%8§58{)ﬁﬂs%%n?sh‘éa 'oﬂgteva%{l§et or ot her
transl ation ?Uné]tl on for ea seCti1on of a web occurri ng between two
consecut inerhedare ipadcesmlb&giond hMoresier, amatdesinsd, cpagl icesrdditawytedetmey be ne

that the offset to be applied to anonalies_between fiducial narks "38" and
"39" is bad Tapregiprateneh éhedfafas o tF5 <b. g @%l&%ﬁ@ﬁ&ﬁw@@t@&e\v\ﬁé&ﬁ
fiducial gaf iﬁﬁor'r'lZ@"ini%ﬂqat'i'oZJfé traRs1at8P® Mis ﬂr@&_ﬁﬁkd Loordnatgtemmadient , each
process line may gather the |ocal anomal'y data independéntly of all other

pr ocessesiltefitadve,iassooahnae sy syesn gseclomphut erfirg®réass @aehy ntieupmctssy appiepl ant or

P oSeet SRS A% Rt B SRSl O Al RS TR o

current Rﬁﬂﬁ@%@%%&kb%M&mb&%ﬁ&ﬁﬁh&m&ﬁ@aﬁ&%ﬂhb@@eQ@kﬁw&ﬁ&ﬂfded for the
fiducial marks by any other process. Analysis conputer 28 transmts this

data to dOAYrErekamplat aroinspegerpysteny for a firet meruagurignprecess Rpplfcdith@
processes .have .fi ni i nt. t 4 reconcile all of
Phe ool | airaavei PHBov AL 55 SRy ARt ST BtL LERRDS Y o
recor ded dnicéltei fakt prosdss hadfinisieda TH@SinhY Mdluak cédbrdddte sPskRhoRGréme dagngt h of
the web, while a subsequent manufacturing process applied to the web may
have recdoleaething g aeqrdinateayrtemagiizgd by fiegpgeption syrkiem while goilecingpdsquent

rocess . . . itd : r-.sLon
Cont ol SpLpCRYR AEOALIRReAiS O Thn! ppedRR b1 e SR P RYEIE M e by
t he subsegseentedwab esch dapsdquamshatufavguridpeprpass bppreddatiat sanawtictollr’b. 027 m

nmeasured during the first manufacturing, process. nver si on,  control system
4 may t heRaYsH P ARC T HE Y e PR PO IB RSO tbgﬁﬁt PERTCRHERMS or t he

anonal y_ dehestisd Shdingstie HOARANERTIRTBARRS hOutaRANatiibsaanarel y as

bei ng present at position 76.581 maccording to the calcul ated offset of
0. 011 nmmandgialii istusetdn advoudng tothy eeaidoatesystcmolscd ysitiegihe firsty use t he sane

of fset for each fiducial rk and anomal rom each process, or, conversion
contr ol et eSSt cRarva bRk MR bt S eEon BT SBtsred S8 o
from eachrpéRs Rzl Al inRENRELNABMH da0R of MRSRMHFIcvRidd FHUEdses. MRtHEs. For

exanmpl e, conversion control system4 nmay determ ne that the offset between
fiduci al memKRs atlagtheppgitiopglats ofghe lpcalcaemaly informption gpthoysil fiom e of f set

bet ween f ] i al . ks "76" and "77".f S ..

runct s ond Al i Seatdan B Sy Sengb 07 5 BRERGnghso Sp P d) Thoshiofd
conversion control system 4 defines a coordinate systemfor use in
spatially registering the locally anomaly data, conversion control system4
may apply one or nore mapping function® to map position data into the
coordi nate system [0072] FIG 3 is a block diagramillustrating an

exenpl ary sequence of manufacturing processes 50 applied to a single web.
In an exenpl ary enbodi nent, the sequence of manufacturing processes 50 may
per f or m nunmerous i ndividual manufacturing processes upon web roll 7 by
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100761 Additional manufacturing processes may be perforned by subsequent
process lines, until web roll 7 is shipped to a final process line 74Q
wher e welbwoabh#9/0d4818 agai n unwound. As exanpl es, oper ati @eaTARRIOSAY6SEDat web
roll 7 with an opaque adhesive, operation 52P may uv-cure web roll 7 and

| am nate web roll 7 to a liner film where there is one nore inspection 54M
before web roll 7 is rewound into the final formas web roll 10. Wb rol

10 i s t hergipeaiyweorofe Ocaptreewtrepidiess of e tthat 19 froppehieh preseso sechof
processe j . nonmalies into web roll 7 that are subsequently
identifiZﬁgéggaﬁ?%%Pg&k?§Erefore, it my be desirable to inspect for

def ect s VD05l rCaversion dqontrel Oisteirh aghlfck ene ot mosnddfet detectivn fg@ttess td thees 74.
For exanple, as shown .in FIG 3, ther y be one or nore inspections 54
for each 3regRiGABLTALY ipkgmaion wl?lméﬁge%?qcya%%ﬁa@@m HEPTRESIMENAN {He | ocal

anomal y d&&@w%@%wmdgg%ﬁ?g;&@@odu%%Qfs@élmhrfﬁaf 1&@5&@&@@%@@ ﬁ&s%a%nloingﬁs can

be exam ned to indivi optim zZe eac processes 52. I's may al |l ow

f or i dentdrfmaraphmmetds,tahé uttburels nody decedit sofarsiex peaeh ralsd Oaotorpeeducon.
10078] Mor.eaver, the | ocal anpma ata captured frgmthe. i nspections at
cach of e iiebietapincop iR PaLhr S Bacupat khpRgmpled e s Rt R B m

aggr egat anaRRb}vdrihO§i MR K fBRcsNakingaieth8l1y $6 Bade@ondn¥ dF hdkysiRf scRefippses.
For exanple, the aggregate anomaly information can be exanm ned to further
opt i mi ze nemshctos, Pcbesswesnt Brodpeisiodenderytlénsly atgemnyariops cowierting sitee over al |
def ect s ié] ntvges'o%ndo o Psd utcet P4 -Ia-lha iliizes dF ﬁgen%ientg N acl)’nrnt hF grc%dau%}der
applicatio qulﬁhPePy3§eP%cP%§ or ?@8 AR of gﬁg’lber tions

per f or rednfympliGCeSSE 5 JithRyclast proBuds 1 Thitht QariciR\eehvetin®@tikgBWeweendct to

effectively renove or |essen the effect of an_anomaly introduced by a
pr evi ous REpduchcmpd gvsdercsd svithihths gepgipphic megigwseadcadydhacyyseingat er al

of the f - e I pplied to
The. web. 5 4P B B R T P o o
i npact onsitthendhbhy tinkeripesfodiapesling attthecandrtpigaituct s. The use of
spatially istered aggregate angomaly i nformation may, all ow conversion
control 490 cd gn ﬁ&e%%[epgx}mdﬂ%ﬂ{} ROy &P SRR bevebpli f(ﬂ%f_e _

mul ti - pragessd B QitekingRited 8 & e P Bavetn OBt sYARBIYmEY bl g&;%%pﬁﬁcamcl udi ng
the application selected. [0079] FIG 4 71s an 1llustration of an exanple
enbodi mentistobutdd stthirbdiffednthedintrersu ooy enting gitssy&eane2 cathoweb foll ) iGo dne

Specifically, FlI 4 depi.cts, the certain.ele t.s .of the exanpl e system
PG 1 P gspbrugisy SPrieon s San et S DG sioan e PRIy pr | e
one or nMRs BaPpRscalll RESthE dB R @gvbﬁlsves%u oM iy SlBBRuR i AD] ¥BdeSs,
conmputers as shown in FIGS. 2 and | n addi tion, each web manufacturing

plant, fgndividsekprets, onmmnareusurekerolisi rafstist snes Badugin)2 AokF (“peodyets 127).
consol i dat | S r ar.. I nst anc sol ion r . [.0Q80] In
core. entol MR ano. s il BE T By SRV ARENE R0 R bt Byl

oper at i onhc@ fox e bh altondalsilcdiithtinp BRsems- oS indkaPbtler foFAS 86w ch matkridbA nmay be

configured to performa first operation or set of operations on web roll 7
usi ng a fmashe cwverded Bipigdugip | e ot didicenng shapcs it wras dgpeidsig ynoadbs al

mar ki ngs.; i 5 1F e E N i v cess
e 7an meHEERRACATR U Aokl DR TN SRESbIT4 b Erkh BEES ARHERiB1 8

oper at i onsay [potapable alf koceiviignd) ffarcaetypadoSetb wils d eandreantd canvecondith atagy

systens and/or fjiducial nmarkings. Wb roll 7 may then be "reloaded," i.e.
agai n pl dtedrcgdi %ﬂtﬁr%mctsoﬁ ‘%%8’&%% on figdogalian ok e TOREFTURE é’é%%‘édd Prne 74a
may perf gupding ns&hEUTduQBREAlison or set of operations on web roll 7. In

this way, a single process line, e.g. process line 74A, could potentially
per f or m d0P5HeDeamary smpelntdgotercd anarhdy cdniresteindhatppaweseltiple web rol | 7,

dth ition.data f he first t of ti dth d set of
oper at 1 onbctdis ey ¥ ablsRisraioy HoxeBahBRETuA vhE S Schn ques

descri bedidgfi@infy chRARdd plReR qiekyMRlERahd bt cFithive pRIdutnst ance, web
manuf acturing plant 6A, nmay conprise one or nore consolidation servers, for
i nst ance,copryaditdaeicaied agrgaion g Ahd web, ¢educed cosbringaebcdoYRAMYA L RO 1o AN f

data. Consgl i i 7 |l - e | ve anal ysis
conputerQﬁgn%gﬂgggﬁﬂgﬁ&%ﬁ%g%%§%§E¥Q§§$%§ﬁééﬂg%ggéh&ghﬁ%&gﬁﬁgg%%ion contr ol
system 4. Conversion control system4 may collect and store gl obal data
corresponding to web rolls 10 as well|l as copies of the |ocal anomaly
information and the aggregate anomaly il@éf ormati on for each of the rolls. In
one enbodi nent, consolidation servers 76 assign particular "roll nanes" to
each of web rolls 7. In another enbodi nent, consolidation servers 76 nay
assign roll nanes to segnents of web rolls 7, 10. In one enbodi nent,
consolidation servers 76 may associate roll nanmes with particular web rolls

e Y N o o - o o S -—a



[ 0085] In one exanple, each of web rolls 10 may undergo a particul ar
"recipe. Arecipe, generally, is a conbination or defined sequence of
process |IWwoegowhigsiB operate to nmanipul ate the parti cul @cTwshoosobés1310. For
exanpl e, one recipe may be process line 74A of plant 6A, process |line 74E
of plant 6C, and process |ine 74Q of plant 6N. [0086] Because web rolls 10
are unwound and rewound at process |lines 74, conversion control system4
may i dentiegijtratioa ofidetest pRsHIaNIVIHN ORd POk Rikferalhs Withi @12 Mg thrpugheitphocess
line in a ! e e DL i b roll
may be dee[ngf?ern? rhg%gt@g (lgéf[egsth %na Oglgﬁrrs? 9%@&{3%@?&}3 &ggﬁrlﬁr%rtéér E%?Q‘I;yn&%ﬁeew

enbodi mendausd for cechanbipeocehd. ducthatmorar ths gathyrcdelat meoprenc asddiil innt eger s whi ch
i ncrement by .one for each fiducial mark; thus it may be possible

quent.i al .
o det or AAEANE LR SMGRed NamdLt B qpe(%tl.oes-,Itmﬁyalﬁoeh?op%fl%&eﬁe roll was fed
first 1 ntaddgiIBRGAFUUCLAG PEQRESE) RYIAIRIVEINEIBRIARRC il pldAuC
mar ks are ascending or descendi ng. [0087] Once all of the data has been
reconci | 8060 diGerR ss ohlockhdiagoim 8lpstramgdannexgmiptaay smboditrivet afomegsodess map and
a conversion plan tqg server,.75 of. converting. syst 7 uch as by using
Che Fi I e IHEdnSF Sremmadauaiodpaspr SO edint i OhRIR: Lot Be pr ot ool
Vb rol | %xé&pfﬁ?&’e@ﬁocﬁﬁieﬁ@ﬁ@e%rﬁerﬁ'6?aQ&feb%ﬁyﬁéﬁﬁdﬁ&d%e{v?e%n%%ﬁbﬁdf@r@)ﬂygﬂ' ng
sites 8"). Converting sites 8 may utilize the conposite map and the
conver si i gimage pequstieamdayicss 3hAcHY  Gmagy aequipition deviaca A6 Hawrnperdtianstd rol | s
10 into nroduchs i 00885 ELSuS dindudh 307 AMALIUELERE DG QD%, can
embodi ment “6F° B exa¥rp et Iclitum aby MR WAL W y e 59‘??& 84 ‘67 Bt net W se
formed onegientialporiichsalf thedontivs @1y MO oinkivedl 0yto obtaiu hale daRl Kscqaisgtiqyl aced
at regular intervals throughout the length of a web é(gl G 7), preferably
out si de cPmpyEersAT etllcst ipags date froe inegs dcupisBiogelevicss Hocnd dppinyit fhscat e and
uni quel y ;j i i j OF As descri bed herein, the
t echni quelglqgrggé%%{? %llaﬁzl’teysf%logﬂ%llt%%%{r%s&lﬁ]o & g%%@sew ectronic position data to
be accur q0@él Iapat beddisitisredividos 26 dnarist coantitivadl ihapingdelicps thatimict
operations cqntaining various error urces, productjon |ines and even
manuf act Lﬁapﬁvge Bfa BAPSY aisRavspRk ol the H@qugdmhgia rRYLAI Y B Bsder to
later detgeh oRRAidiRFQIE RPN Rs SRIAH MAGE 9, i gm%%lvfcbm Riay bRRambdyci al
mark(s). Although shown as i1 ncluding a barcodC and ot her features, other
forns of thatdiiectly pmyideerdigital sla@bstipam po se snalpP 088¢ra wntheam aeldtimdiinamatogdd a
fiduci al ‘ﬁ%rﬁli as degi&gﬁd in FIG. 5A,_.a fi dgcilal mar kK _has Qne .Er nor e
| ocat i ng Ttk §OBLTCRAOURHS Y5 WEHES 487 EBPLE 475" $HaPRLS B3y P Atiligite a
fiduci al tH@fﬂﬂagﬁ@ﬁ’@thisﬁt_ibnadé‘%Wea}_\%leéfuelnﬁs?l?}i&ti&b@f tROSIch liic s thartROdsa 8O-
Barcodc 80 represents information provided in a machi ne-readabl e format.
Bar code 8@qwis byf dsucessaioplof singfclonve. &ingl lepss cpaprisd 411 aea phthe sartnuopgici al
mar k. - Bar,gode, 80,1 mea@S9daesiﬁglg%W:REE&{SHP&%@QM %PﬁQel%SEz?%ﬂlEA Syl Lo mation
based on a coordrnate system tsed en T applying R nar kP 8’ dentt fi er

for the wahalile fovhicghirinp ehdnibiase hasudedrRs@pRhinehs saesisoviaddlPNDYT fipmoduct i on
| ines used or scheduled to be used for nanufacturi ng{the web, routing

i nf or mat i ksakia&Hman (ynay vadas Calif-bPiapka Yeogcks iroau Balsmhatcalep uPniagopr ocess

| i nes an I %ﬂl@ I i i i i R Yk rial
a:opl ?ed ;%n ald$ i cﬁéllcjé\hg}rg s?nzg@fé%géﬂ %}Pﬁélgg%\g%,e : g"ﬁ\'ﬁ L%ﬁ%ﬁ?%ﬁgﬁﬁﬁﬁ: ons
nmeasur ed iddndapsdrizeamesdess Surfact Ingedctiom Sy$tomns Goniats (Vieaich pt@omag) ing of t he

web, and a host. of.ﬁt her inf o(gimati on. [0090] In one enbodi nent, barcode 80
may conf gPRHUEITh¥iI( AR aptleaipedeidl pvEersy nhol ogy standard. In one

enmbodi ”Eg[b%i]aflfquﬁg@%a%}é op B LSEREuiFeShiTRIR thdft8B8Fod 8F SR akangsiclrom 0
to 999, 999. I'n one enbodi nent, each fiducial mark placed on a web is one
gr eat er tthatrassisten pregwpausméitdd thealmagar Khe hsscmhbesambpbé ethrer patftioflaci al nmar ks

may be applied to a.web usi ap inkjet printer. The.proces . .pl aci ng

T uc ar eaEieRs obifef biamd fbut e slabn i pheriby G REEAESeClhall g

appl i cat itamshitRadiht, @ trahsflectdd PghOPRingNBe iR 6@3&@7 Reflonparightuforand

Met hod for the Automated Marking of Defects on Webs of Material (published
2005), wixemplesistpdicalsyitiie bl datesdion pf defcets epwsed by Wabssuefagd ¢adermatipgpo 1]

O her emhodi t represent fiducial marks in a variety of other ways.
For exanﬁﬁgﬁg§§¥%cgg%m6§%represented by a I D barcode, a 2D barcode, opti cal
character recognition (OCR), or nagnetically encoded. Furthernore, other
enbodi ments may apply fiducial marks to a web using inkjet printing, |aser
printing, or by securing nechanical |abels to the web. O her neans of
representing a fiducial mark, as well as other application nethods, may

al so be used. Further, fiducial nmarks need not be iterating nor
periodically spaced, as fiducial marks nerely serve as a reference point
for anonmalies; iterating fiducial marks is nerely a convenient way of



[0092] In general, fiducial marks are used to conbi ne el ectronic data of
anonal i es recorded from various inspections. During a first manufacturing
process, Wodoevahsisar ks nmay al ready be present on the webT/ysc@Besed y near
t he edge of the web outside of the salable product. If fiducial marks arc
not present, the first manufacturing process applied to the web shoul d
apply fiducial marks, e at reqgular intervals along the edge of the web.

In one er{ﬁ%ﬂ]r‘%ﬁwalé%h'cgﬁt@l&rép cRFs figysiglgaark geasisr 2 RhtogpblectgRl apdi t
reater t : i i i I i k ial mark
ar o1 ocortsgon o RR RS B For PRifole) AU RF oS ERE mal WiMRleTne BC
may not e nieqphstecpbietsuaers for thadinglbanesdes or athef indictd @dbmeabkX). derve as a

rel ative indjcafor of positiqp. . 100931 FIG . 5B depjcts anot her exanpl e
embodi rrer?tdgﬁllona 13%@3@?% Cﬂ%ﬁf@r ! HtamreceéYPdesW@mgnalSﬁéOm PRgIeY @Preuel

conpr | SeSyrtioh BEREAGN BRI SviftRwelPdo WH/GIToAES 29UB8t BALLBh i flidnar {1
purpose and function as those depicted in FIG 5A." However, barcode 81 of
FI G 5B issgmaish§tlenisliadrkcoutirdlfee 3@ ntctefmowns pasicadmf@thatbn Fir@aclbdetasted i s

repr esent as a.c ound fidyci.al rk that .jncl udes a bar.code 81 having a
[ Fot - mar R Fapr g Al s fhrith cautl oAb M eedisd rRAFRY Dgo U el v
identify bhRinkicdMCdRécteBfiduciapPesk Wil 4 YoordiMafeRiSc@eppRéEto theporsls 81
conprises twelve digits of information in the interleaved 2 of 5 fornat,

si x di gi tlgei Aleawtively, amlysprempuics 28 ary rdadeoaeh of the detepied iidughl mikksussed

wi th respect. t.o the.interleayed .2 5 f.or ot.her -barcode formats may be
Used as wrtin UR CaBfaibE SR e e the et O b R EL PR FRERL RS § nt oger
in the rangeofieradm On tids 089, A9 Posititredatp pRyvidddery fdudl hidescdniotler J0 @ags of

information, a system.identifier (I.D) i1ndicating the manufacturin rocess
li ne t hat'eRispANT digtanpes betwersi arh fdrgialangrkan aginacisipradansthe iengdh ofaye year

IaPr ;ﬁgteiqu Se“@%fﬁdghg%h%l ﬁOﬁﬁBﬁer%sco j g41?aQes tﬂ@?%ymosﬁfoﬁgnﬁhgbﬁ& ey be

n ower tier S may be arranged as a SI X
di gi t i nttegedlysd#ddtfiputerllte contents of exenplary barcode 81 are summari zed
in Table | ow, Tabl e | Descri tion R resentation.# of Digi
[%ngﬁ Analys]—s computer 28 processes image streams from acqu?smon cornputegrs E%

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.

[0065] 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
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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.

[0066] 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.

[0067] 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
analysis. For example, the information may be communicated by way of a database
synchronization between database 32 and conversion control system 4.

[0068] 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
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6 [0094] The system | Ds may be divided anong manufacturing plants 6. For
exanpl e, the systemIDs could be distributed as shown in Table 2 bel ow.
Tabl e 2 wWox0@m1kf8Pl ant Descriition PCT/US2008/066513

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.

[0069] 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
occurring between two consecutive fiducial marks. That is, analysis computer 28 may
determine that the offset to be applied to anomalies between fiducial marks “38” and “39”
15 .011 m, while the offset to be applied to anomalies between fiducial marks “76” and
“77” 1s .008 m.

[0070] In another embodiment, each process line may gather the local anomaly data
independently of all other processes. That is, an analysis computer 28 for each
manufacturing plant or product line records the positional data of fiducial marks and
anomalies in database 32 as measured with respect to the coordinate system of the current
process without regard to the position data recorded for the fiducial marks by any other

process. Analysis computer 28 transmits this data to conversion control system 4 via
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network 9. Once all of the processes have finished, conversion control system 4 may
reconcile all of the collected data.

[0071] As an example, the first process may have recorded fiducial mark “38” at a
position of 76.027 m along the length of the web, while a subsequent manufacturing
process applied to the web may have recorded fiducial mark “38” at 76.038 m. Likewise,
the subsequent process may have recorded an anomaly at position 76.592 m. Conversion
control system 4 may spatially register the fiducial mark “38” measured by the subsequent
process by translating the position data to match 76.027 m measured during the first
manufacturing process. Conversion control system 4 may then perform a similar
translation on the position data for the anomaly detected during the subsequent process to
record this anomaly as being present at position 76.581 m according to the calculated
offset of 0.011 mm. As discussed above, conversion control system 4 may use the same
offset for each fiducial mark and anomaly from each process, or conversion control system
4 may determine a unique offset for each section of a web from each process occurring
between two consecutive fiducial marks. For example, conversion control system 4 may
determine that the offset between fiducial marks “38” and “39” from process 5 is .011 m,
while the offset between fiducial marks “76” and “77” from process 5 is .008 m. Other
functions may be used to spatially register the data. For example, conversion control
system 4 defines a coordinate system for use in spatially registering the locally anomaly
data, conversion control system 4 may apply one or more mapping functions to map
position data into the coordinate system.

[0072] FIG. 3 is a block diagram illustrating an exemplary sequence of manufacturing
processes 50 applied to a single web. In an exemplary embodiment, the sequence of
manufacturing processes 50 may perform numerous individual manufacturing processes
upon web roll 7 by passing web roll 7 through individual process lines 74A—74Q (“process
lines 74”). Process lines 74 may be provided by a single manufacturing plant 6 or may be
located within different manufacturing plants.

[0073] In general, each of process lines 74 includes equipment to perform a number of
operations 52 and one or more inspection systems to perform a number of inspection
operations 54. There may be one or more inspections systems for each of process lines 74.
Alternatively, there may be certain subset of process lines 74 that do not have inspection

systems, while the rest of process lines 74 have one or more product inspections.
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Lam nation 100951 The use of nulti-tiered barcodes may provi de several
advant ages0 2pavo1esdanpl e, nulti-ti ered barcodes are conp&Cirhiseoosiosds1s eader s
designed to read only a single tiered barcode (e.g., FIG 6) by sinply
utilizing multiple readers. Likewise, this nmulti-tiered barcode may
enconpass al | information needed to uniquely identify all processes and
speci i ¢ [89Ft] dign g8eBRISNRIFIBSRCE 0 PIAgALEatrLInPRTgtienabirha tiid depicicd i .

Fi duct al FTBr ks, LEORIPY LS RENtRKOGRSSSRICTN ARAAPHI hBU.L ulheasal, ueb

wi t hout any [bss 0 mation of Cf eat exe
nmet hod f drasé fike i fitsgfokineldi i aaslcorraiandwmhnepe&aﬂrmwm @ﬁbhls prddBSdU&Sde hﬁl ow

vvithrespect oFIG 5., 100961 FIG .6 is an.illustration of an exenpl ary

fiducial & ?é%%lﬂnd%@d(wmecte%}o ary Wltm%énsmfrtwgt%ét eép SO MRV QEi al  mar k
reader 2 Jeu ip]iggﬁ [ sensors
86A, SGB%Xgn Q%%@fﬁé%ﬂ?cd@@gaglﬁ%gﬁte he? gvgﬁ‘ijﬁﬁ cf?t@?gghg??ﬁ Ial mark
controll e:ruréB@;:b vdi] ?:thhyoltbé naayrthen be mspeotdd esecomd gmnbyalhsppcrtmefe%bmd may be

enbedded thin gou mark reader 29 or coupled to reader 29 by a
suitabl et Ib%’?‘rl i path.

[0075] Web roll 7 may subsequently be moved or shipped to process line 74B, where web
roll 7 is then unwound for feeding into the process line 74B. In this example, operation
52D imparts web roll 7 with an embossed pattern and then 7 an inspection operation 54C
is performed before being collected into a roll.

[0076] 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.

[0077] 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
frequently inspecting the web, the local anomaly data captured from the inspections at
cach of the process lines can be examined to individually optimize each of processes 52.
This may allow for identification of the causes of defects for expeditious correction.
[0078] Moreover, the local anomaly data captured from the inspections at each of the
process lines can later be spatially registered to form aggregate anomaly information that
can be used for a variety of purposes. For example, the aggregate anomaly information
can be examined to further optimize each of processes 52 based on their contribution to
the overall defects in the end products. That is, depending upon the product application
ultimately selected for the web, some of the operations performed by processes 52 may act
to eliminate, cover or otherwise act to effectively remove or lessen the effect of an

anomaly introduced by a previous one of the processes. An anomaly introduced into a
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10097] Fiducial mark controller 30 receives signals fromfiducial sensors
86A and 86B and activates bar code scanni ng upon detecting both | ocating
mar ks 82,0 2069/|4§18duci al nmark either sinultaneously or Partuseevsacgnedef i ned
time period, e.g., 0- 10 mlliseconds. In this manner, fiducial sensors 86A
and 86B are used to determ ne when the barcode is within a read zone

associ ated with barcodc reader 85. Fiducial sensors 86A and 86B nay be

phot o- optliage Blatesigl of the vshpian Peanme macksiwrsewpribeeoverad yoatingsompphedht |
fiduci al S a i ' t fined

w dth W anar o il o (e s RN Tl S E R o BRI e on

t he framahetiltinapdirfdrmancdofitaces pratiudth eThawmsdtol sp¥tafignEgistorcdagdeicgito
substantially sinultaneously detect both |ogcating marks 82, 84. Li{\} one
exanpl e, ATABAY BEHMOPLMax BERY CANYSSIBR AP mﬁtfreggs]ldeeméhorﬂzsﬁh? SENaYrs 86A
and 6B debefiliedrGRhERRANMH0BG: hASRLLAI0PAKD bidl Rl 8larifBIde ROBLT OI | er 30
activates 1 ght source 88 in orger to read barcode 80 of "the fiducial mark.
I n sone entjodingét applitatghntsekeoigdce 88 may remain lit at all tinmes. In other

enbodi ne | i.ght .source 88 be illum nated oply when both fiducial
sensolr s g&i”]é!é% ééésﬂgltuu%ag%?flﬁénﬁﬁ?rhglegﬂﬁ’ga‘%t afﬂ%ﬁwﬁaw neoulsl ; | I n one
enbodi menhanMiefidodbtehd Hidval inFaGSPr SpBraBP 180 BISaE. CHe dep@mt dfdediBr kS

82, 84, barcode reader 85 captures an image of barcode 80 rather than
processi rd thchexamphgyeystiat BIG d in geadter detajaCaelbaewihmeeefhcturing plapisfusial  mar k
control | el 30 IBY. $108 A 0e.| MRaei D, d3t80ase, 52, ANd TRgS 48t e

r epr esent RN&° 8F° Phe caPp?‘iﬂse ar'code e pr%y nbéf read gna V%?g?pp%géd at
sone | at efs showein FIGRNGhES! [eab@dbarath wkb eiaifktumag ol 50TbF Bklagée, 3RbdI r ect s
barcode reader 85 to capture an inmage of barcode 80 for processing.in

real - t i mEn¥WfRcaging Hantdy. dtrecompiiae icensoljdptisder e daeinsgacaragnseldstionr t he
dat a frorgemﬁg}amge of barcodc 80 and anal yze the inage data to determ ne

t he machine-readabl e i nformati on contai ned therein. 100991 Once barcode
reader 850080 Insaniclabodiden8)a siigttyarbedssingiikc 74 atgrpe2@rmayulGplnveethtidine
information read from harcode 80 ipto digital data jn tI}e form of  an

i nt eger . Yi&iNER & VaRRPKIMES T SXaMRey PIoreRd et/ AfNYY ratoatigyrefit nelfonm frar k
control | eﬁrs%era%nto?két dflofBratibhsBHCh &l rolRS &i@@ﬁfs%ét%rf 0RO ofB¥rdRbedimtee the
position of the noving web based on encoded Teference signals received from
encoder wlsteins ardigafdutislindrkinge (ete pBrcks dinal’4 Ak fivohed bk fiest oferatrary, t hen

transmt the sitjon information,.as |1 as the barcode data to anal ysis
comput er P5aeshiRE (A8 Doy D RiroBregsd iR pOTorms SeOTREPT HAM STrr L SPRORy ot

bar code 8ty Lfigg d3ERnH BT FTHABLE Adrd &R rMAYE sGabmb SEBG Bdlcofl rﬁa'i‘l@n%s@. duci al
mark and store this information i n database 32. I n one enbodi ment, fiduci al

mar k contWel 1adk 7 3oy dwmrhenirdatded. dat again plaped stdheste approsess d@e dday ad
conput er t wor S | t wor 0 r..other n K. ni Lon
o ocol dRaLRESs it PAAREL RLEH PG okt Bl e 8 RllioSOPT AR B Lo
1001001FI1&thig wag, Bsififla@grauasd lideys il gotdg liaa 78X asquill €poveniO% refdrexanpl e
changes the web nmay experience, including the initial introduction of
anonal i edICCESRY GREGLIBYS inrhe enysesieriocshof wabieal] brindthgeapitinaiesa foe deand
maski ng [ ' : ' - bis
manuf aot Qg erBt dHerd{3fis B S QUG ot e e AR BB 008 and
90C con- espadahdegyitiptht esthhaubydestdbddiree@ndi f f erent production lines. In

order to I nuf acture the b, the web may need to be transferred
bet ween &ﬁﬁfﬁ;ﬁa@ﬁmr%&%ﬁqﬂﬁg@ Igﬂ}t?@r FSHERCt @@{ﬁf%?nlb‘n’r%l@étsﬁs%gn@@k 90C i n
the corr %hlp?irsg Bhe orlilb® doh@IRhEsH b Ber S8 Yr fn%hé@ SoVoN gt stRer weR fnt 0 a

roll and nmoving it to a different process line in the sane manufacturing
pl ant or wllestionindpomgnunication af dité.f €peyelidptiemicrvea 6 depiyctodidctatafromsipect to

FIGS. I, 3. 100101] As sho ip FEl 7, _each af acturi. rocesses
00 90C FRPFIVT DHLAE PFP BHAS ahotmnFessiies M o5 ErHeP Bhaatcy
manuf act Woh6l PLREES SESN 0P ntivhYy Edh D Gyt ddBlcvvaid dré BlobhClata way t hat
earlier anomalies would be difficult, if not inpossible, to detect. As
certai n pooseadngdoachualodbisaved! ancapis ofdly logd @anemalydnfosmatiqreang the

cl eani ng’ag%f%&t{e%%%mﬁ@%h?or%oﬁ: 9% é’ﬁﬁe 190 1! T & e\’\@}{b&ﬁ%te trn@&l%gliaiattiog' fficult
or i npossi o di scover anomali'es 1 ntfoduced %y an earirer process in the
final web. As described, each of manufacturing process 90A-90C nay i nspect
the web at | east once, thereby collecting data regarding the anomalies

det ect abl e during each of the manufactuyi ng processes.



[ 00102] Specifically, in the exanple of FIG 7, a first roll (Roll #
1520098) is initially processed in manufacturing process 90A at which tine
a set of wodoevmeksisarks 93 to the web 92. As shown, t hePCirdiseoogiocssas ks are
assigned identifiers of 693-14597 and are physical "registration markers"
that enable electronic data to be accurately conbined in nultiple unit
operations containing various error_sources. During the first manufacturing
process SOWCrsa/(f gspign paesiculss “rohloaasety aspofiveb eolisat: i appthit embrdimant, and

det ect ed - ' y Naxt .S cut and
wound int‘“jc‘(}xﬁo{agtrlﬁ ?e's}p%%%%g%%%@%egﬁs? re%;%s?%]cesm H&ﬁ@gﬁ sdé%ond
manuf act wnibadirpérmce@asol8aBon kerved 76 npryasassate vt bn e siveitiuparteudal el rolls he
rolls and fed in t pposite direction throzlgzgh manuf act ur i rocess 90B.

e o g
As shom,Orﬁa%m?rgwﬂwm@%%éeglélcgleeplrﬁ%%ilw dBds gng @%W&Q&l 7 gRy

anomnal i e%oaﬁseﬁ‘ ﬁh‘g’lﬁgto_f %ri(gﬂﬁ‘"ofl ﬂhﬁl%@lea&ﬂ%mahﬁ%oﬁ@?oinainﬁtté) Llyifgtgct abl e,
with the reralni Rg poftion being hidden fromthe I nspection systenms of
manuf act yroeegs pnote sk 80 Broth@G®hbo dexit, consididafion serwom i db mbbassign angl | s

(A69844 angd A69843) .for, processi.ng hy a third manufacturin rocess 90C. In
thi's prodBleniiei web bl HREER P vk by fecaRtnd GtbopBRe e
manuf act WxhMglcPh 9GRS D $ABcikNmAME 196 JbMAE fidhdifIGhARE doisiedd FIGH st he first
manuf act uri ng process 90A. As shown, nmanufacturing process 90C has

i nt r oducd@082]tlhispaie eabpdinicnsn e vansobidatdBGervar.dobmstianes, cotrelidatmeticives 95A,
95C are tectable, wth the other anonmlies bein Ldden fromth

Tnspecti ot eyeBies it P ReRh iR e SRR s gt e s el ihs o
shows t hejatngllectad) Bided the diadtPprédeMiLAEd RhmplOpRSsR3indTAAIPLoaBCe spatial |y
regi stered and consolidated to form aggregate anonaly data. Conposite map
94 nay i rFOMURMNICAEIGN 4@ EQIBETIRR GoNtIREFiStoNbt e i #pther gppodiencapsasttel ed dat a

cor r espondi ng: S . . i f

pr ocossen o ptidsfloR GOy pRASRATRRY st WD ARl inidrRiith Relhy i S

t ol er ancenf pfétass lirses 7datichogervgisahitich; kyndir§ibe cedttol pyoeesiansy stibseqentdy r ect | y
associated w t ubstantjally the sanme physical .|l ocations o b within
the acce&@&ﬁ?téﬁfi @P@ra&ﬁ@éix RORREANR §0fnrf‘é_d& BE%’éPlﬂ‘%?“HBﬁe@ﬁ{S dnvesaran

control SYsiRm 4l Bthe%Bﬁatiht%Ha}I’lyﬁMﬁﬁR tQRNetord é’&tﬂo?&%’ten@ﬂ! AR aYerdRi ol rom each
process 90A-90C, including position data for detected anonmalies as well as

posi ti on fdeha cbmpositeendp. dingicahnatberkesn@8ima@dcodsplidagorsaierdto AL i pr ocesses,
to a specified tol erance, i.e. degree of accuracy. hi gh degr ee., of

hocur acy SpPersy S dnhiston fof@nsFabh GRteSSn £ Ll A G EGr ce o
accuracy gmtcgy ah&hal§XafRhSion\kdnBiaeSfoMWAL! €gi stration falling outside of
150 mm or abou?] 6 inches, may be considered "unregi stered" because of a

hi gh degrl8@83fingne grampls, conweinionsorr el systememay aptheraany eerapalddete nap 94

i ncludes all of anomal.i t . he. i CLli for all
br ocesses S tgktSa BRTTRI LT R B PRt R RO ST

anonmal i escofdtsioa cosesl st GeRCAR) cRhtemijtediita which Mdicribdsithle cRRFlA] tatidn ¥eb 92
when converting the web into finished products. Conposite map 94 may al so
be used tdstasiepading\earhy Webtelhi Qb cah O spefdiyinecungtwerk dddecspiiereeelir i ng

process Qs AUGtion servers 76); conversion control system 4 may later use the metadata to

control merging of data from each of consolidation servers 76 regarding a particular web
roll 10.

[0084] In one example, data may originate from a process line, e.g. process line 74A, of a
particular location, e.g. plant 6A. Each web roll 10 may be assigned an identifier which
may describe the product or products for which the particular web roll 10 is intended. The
identifier may also uniquely identify the particular web roll 10.

[0085] In one example, each of web rolls 10 may undergo a particular “recipe.” A recipe,

generally, is a combination or defined sequence of process lines which operate to
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100107] As an exanple, if a web consists of a printed circuit pattern, an
anomal y causing a defect nay be an erroneous piece of conductive materi al
causi ng awehoivoi4818 a | ater process, the board nay be cearas26Bbssah opaque
di el ectric which makes the short undetectable. By inspecting this web once
after the process of printing the conductive material, but before coating
the web with the insulator, it may be possible at a Iater tinme to determ ne
that t hi SnahpHeedhe pagtigHaorel tod Wed oRickample. Qnsfredips 18y &9 eFPcerdiig44 of s not
possi bl e 4 t b due to the
opaque, |¢tsuﬁg’fﬁgoce%:sg§teaﬂ%®%6{tt grggqénpa% h‘éggﬂ%%ffp kit e if, rather than
a short, [DG%]mwuuetwabaoﬂaﬂeateainwmundtaed rdvasune dt pmcﬁrslhmbs 74;a:UﬁVemgoﬁ circuit
to remai n open. Aga er. application qf an aque dielectric would nake
the " operPonEPh e %ﬂl&@ﬂ%@t@bﬁe dirpgionyig itieh P aplbats HHV%’é‘g&Pé{l? pracess

appl i cat eR iRbr dfep?o ﬂbfﬁltaﬁgh{et ro?ﬁfe%agaeflﬁ?écUHR%f B WHbS6AVRE ﬁ(}@é}guﬁegl
defective product renoved om the pool of products to b ivere

bef ore a lostd mearr;alysss (G ﬁdﬂlmlad nagka louwstenmbodinjd fo8¢AneE:, fBlacahmatdB

|IIustratee odi ments.t.he function operatio

Commni coNCt B PR RO TR R RO RO 0t BT e n e (el Biinen
consol i dahidignapbepBiblakd Meté@ﬁlh@ﬁﬁédtf&ﬁ ARy rollgt &, @vh@ﬁ‘eﬁdl%ﬂl{e%llt y of

di fferent manufacturing process. In FIGS 8A and 8B, fhe first manufacturing
process (Whifed Prsdws shemmynufedteiinispidaesa) bt yaiee whetherghofidudielondrke axsr di nat e
system That d festehgmfr rst process determnes that fiducial rrark '7684"
is at 11,3 g@oor% ThHE™Bi r st process will record fiducial mark "7684" at
11367. 885{0087] L kWil ISS thd datd hi&s Beeh SécoREiRACEENVARIGT EBNAOBsyisteat 4 hhagrtnb@itan.

anonal y after mark "7684" at position 11,368.265 m the first process wll
recor d” arfharRIRRAsic MappadiatcoBy riion 36w to 8 VR / 5A6Pﬁ°@rnﬁ%ﬁlpgr é}’%"ﬁmﬂ Resuch pg by

manuf act "{fsir%gth?{:ﬁ? PR si{%ﬁf‘roﬁéc%?ﬁ{” ‘13{7 BthePdfa CORRS SE‘ 4pdy ned by
conversi on control sys er case, every oca acturrng
process irslls &) eagheasbipped @ qreaf deﬁ\rdmmg ﬁﬁ@@@—&ﬁt(éc@ysﬁﬁ@sﬂﬁs hat all

processes_arc automati cal | atially s nchr ni zed 0109] 1 n the exanple
of FIG &RNVEHR SEEHS By i stitiz b %/}Fﬁi‘%‘t t?eggnwr%w feBdtom eonygfsion

coor di natg,g¥ £ Q0% FHsRREE S ggm#bl)mg@%m%a@ ng the fiducial marks
and the positions associated wth the fiducial marks and anonalies in a

manner si[M88rFIGoS A lwea dlagtanaﬂllupiratmgme ehibraémmnt of drecxampld ﬁdwnalmlmrk thia

information js . rded wi.t hi ese s en nuf act esses
acor 01wy be ulERT O oMt So i BERAREL Sy R SR B Rl Cos oo
record thgadli %?ﬂ&%d af refgurawﬁtt@barmr@@ﬂdth@m beSWEY (RIEPY Y bRerdbly
transformation function to adjust the measured di stances based on the dat a

obt ai ned dutsdn eftthe palalle atca of twaved, imprger tostccurh@belog%tbge@u@quelmﬂnﬂéct uring
PO oy SEUb R R 808 B Rinl RS OR 0% 8, BET AT elR, Ly om the

coor di nat'e system curren process coor di nat & syst em of

the i nitimirkptogRBR. clASrohiRPdkBion ABtadd b YSdusatClgupatialy ré@istead atltieoﬁluheequent
manuf act uri ng process N uses position data read during the current
manuf act JpT mgltploersepaptions gantpingtg yasjous atrorpi@squer,dw%lan figes andeevemme

fiduci al tﬁﬁ{ulf&tﬂﬁ‘tﬁggbfﬁrﬁ§ PRCSth QS tﬂ@ﬁ%&al%ﬁfqgﬂﬁ %r?&ﬁ&t t%rﬂitetedegect a_nL% 0110] A

coordi nate system or manufacturing process IS exa
vari ety crbcdrdansfscre]miw tonthé pmmmmmfstherﬁyludnel masdck). Rdthowtesipivae,as pmsmdihg)n dat a
for the current rrg10 aturln cess ma. betransfgrrred Wi th respect to

ei ther a abengca eatlrt%t% S&iffrgdétl EYHIONCE BICh RUNO8ES r e web, or an

of fset cghgsy)ahed eh%dﬁﬁ’éht‘ oF@QHﬁ&&l Rirkas WEHcRETVERD sSa ffdubdPadtk BT ks. For
exanpl e, the respective anal ysis

one or more locating marks 82, 84 and a barcode 80. Locating marks 82, 84 enable a
fiducial mark reader to accurately locate the position of barcode 80. Barcode 80
represents information provided in a machine-readable format. Barcode 80 may, for
example, encode a unique identifier for each fiducial mark. Barcode 80 may encode other

information, such as position information based on a coordinate system used when
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conputer may process the position data for the relevant fiducial marks and
determ ne that an offset of .004 m should be applied to position data for
anomal i eswoev@atiegisbet ween fi ducial marks "13" and " 14, PChaiS2@s/oodsiset of
. 007 mshould be applied to position data for anonalies detected between
fiducial marks "20" and "21." OQther techniques, such as |inear

interpol ation or application of linear scale factors, may be applied.
100111] Aspalyinghide meglaraglidentifise farithes welrionuhish themar hes bexssapphiads record
fiduci al rk 61" it C i.ng
procese NOTLHR: FABSh khhbgor dhdofh & GBR RIS RIS AR bl

112. 356 mputiy fdreationticfiidgda moutd fre tsesle quenth manifiactngy progesptiacess N,

according to an epbodj nent as jllustrated in FIG 8A, 1y adj ust its data
accor di ngingor g REEIPAREY g}fowaartwmg%ﬂqﬁggH@qrﬁ@t%ﬁﬁé@gﬁfd A InaEHEh on
112. 343 grganddanal ofshSwed %H{f'i?r&{m&ﬁa1%n&i'ﬂgn§ﬁi9e§s‘ﬁ%%hnggliljé IinBE’é%E,at' on nay

al so adjust data about anomalies detected after this f cial mark to
refl ect tihitaicobhisier dasnswehain, procassieg afifficeyehi, ind hbos vbsthqueftrmatiph. oper ati on

detects maly a 12.487 m al ysis.co ter 28 SUutilize the

o f st ot D0FITRY et PrisSlie 80 ol HoBRorRR ebirary ey 2050l ng ¢ he
anonal y aynpeflelisenddd2 14 éfec EmbddiRdA BAodd 8B mBR RpREsenCAGpIEBiIRkLaCHUr | Ng
process wi |l have produced spati aIIImrg regi stered | ocal anonaly data that is

based on the vagerbnmcdor WKXOe 18 pae embodiment, gach fidicial mpgk glaowhon awehes exanpl e
of FIG 8B, conversion contr syste may apphky simlar technigye to
opat i al 17 el b RE pERBM R BT RS Y pEBBtcE! R BoLhERS ISR, o
system 4 appliicd ol d el usiiﬁ\%aﬂ &pdt pAneRAEThe slat@s anplasing frlutibEmeidd anasyvéaggr egat e
anomaly data_for the web. Conversjion control_system4 then forns a

conposi t élehgpedapiiirigT defall dyen-eing apdauiandgosden i alhd) Y- §t hered from
each manufipckyth G RAOSESS aRY MRl G AT Rombltl MALAQ AP of WAGL4ON:

That is, ‘conversion gontrof system 4 nay record an aronaly at a cértain

posi ti on Matetihlg pablighod LOES )nwbichfis laybyoineorpbratddebypreficars és ithamactyecor ded

that an an ly is present at that position to within an_ acceptabl e degree
of accuraleﬁgﬁsdf&@fsm SRt Mgy SERTEIIHBE U ARSI, 3 CHIRe ST B Wit FBI system
4 MY al 86310001 ES ey R0ty PID Shitsd:, JHISLEEPROShGI MRRGan be. used

| ater to determ ne whether a certain anomaly in a certain position wll
cause a defampitian OLR)eot magneprdfuatcodkD FutBrFh@e, @Ber dnhbeslimattemagapplier

enbodi ne in which spatial registration is perforned centrally,. e.qg.,
wi thi n catSPLTBHSIBANTR St triting B BRBEn e CUrEses et dun
nmanuf act YabdigtoRh®GRE S OUR nt@fs 8N pfeRmgnaRRucial fafiis GRAldbhrte system
That is, position data gathered during each individual manufacturing

process, apkentiey mateodspiyy plsalbe jusesatHusthen fidpeiglmpks naed kas bantgrasinemal i es,
are recorded,w th to this individual ' - em After all
o “the rendp ek RS RE RS FahQn R RS e PRI P SR OEL SR o Gt
i's recei iggatfngdhduiche maBaus actdly kBENWHABESAE T podDdies Sidosialcanksol system 4
adjusts the position data fromall of the gperations according to a common
coor di naﬂ@“%zﬁ Jnernenl iduad mykyairapad © wneingelsstianigdaia ofm@n@gu%osi te map
may conpr,| I eV oU: . r i i rgi tem
[00114] AcaRa8 ol BHb TR fBRD (R PhAL IJafBlAG: Frof O AL S DO
process 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.
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may record fiducial mark "61" at position 112.343 min database 32. An

anal ysi s conputer 28 associated with a subsequent nmanufacturing process,
however, weyorenesid t he position of fiducial mark "61" RCTAB2008H566513 an

of fset of .013 m The subsequent manufacturing process, according to an
enbodiment as illustrated in FIG 8B, may record fiducial mark "61" as
being present at 112.356 m At sone tine |later, conversion control system4

may generl80B1 6o depicts apather oxamplcembodimentf afidueial grrk.jlg thiscor ded” at

112. 343 ' j t : { : i.ngly adjusting
al | posi mt%oﬁﬁggg’ "Pgtgg?@fc‘ﬁg%&" ‘é‘@ 1ssesafl;§) 1%%#%??%%5 %%&‘ﬁ’@ﬁ% %lge fiducial mark
61. For exhstpiteallyisimildrén puipssgareinfun@ioncssbosceiepicttddn &NG.arandbyewdr, 112. 487

m conversi o ntrol system4 wll record the position of the anonaly at
112. 474 rh& QB%EiOﬁEIJ@é %é?‘b?‘f‘g’\gh}’Qtf%%?lﬁf@“hgarﬂ?‘feeérMﬁl@ef%?n Bscal e factor
may be Uﬁﬁﬁef&%@dﬁ%ﬁﬁﬁﬂn& ﬁdﬁ&%l%érk?ﬁit%lude@ aI¥codaRE ha&iﬁg\a’ﬁfr&!rﬁ’aﬂk?&m rol

system 4 I zes a single coordinate systemand transl ates position data
for fi duccpdesambnesufantiriagdatlangs stonthmeark itmghigudp adediifiathe fislysibemakhen

ting tl 1POS| t Co i on.control t em 4 furth
Goner at ¢ SRR TCHH SR AT P! TR GatHEr b o ShAEH R G by
utilizi ngnRReawdt’ Jren@khansix Hikads ih _@ac_hmﬁ%?m{br@ﬁ@an@ber&ﬁéﬁtgm&lgwi N

record an anomaly at a certain position on the conposite map if any one of
t he manufdagsusseid ngthoresresswdbe hasrecaretd ptie doriastothan barsodafoymiats mayelyeused at

t hat position. (100115] The techni ques. descri bed herein | be appli to
over come 4 "0 AR S b B B sl B DO LR Rsf BRI €6 £ om
mul ti pl e gv@m9badhbbpg tiRE 66AFSERS tHrtOPicb&i dTdnfesastiont@ sy @A IUnEficP@B) t i ON
data relative to |l ocal process coordi nate systens generated by external
devi ces, i8die#ingsthe srapviasang prrestding thafgapbes Rhﬁﬁ“ﬁu@alﬁﬁaﬁh@@d\&éﬁ}e may differ
from eac i:ff. i Lt - oM-g]

RNt act 0Py et g A58 yeodl i AR ARn' B RO B SEh Bph i QL e bR
measur emaligitssyisg bersrrangetl aa BSHDIIR andshd fowef tispdgitaiay bamgas et as blsx pr oduct
itsel f. Fgr. exanple, processing, _w nding, transportation, ynw _nding and
repr ocessq?%l%?g%:%##%a& ROBET RE CHABNAR PatgodE R ﬁreo%mrﬂﬁ%eﬁén anq? ipl e
manuf act W@ processes. [00116] The differences in position data between
manuf act uri ng processes can cause the position of web events, such as
anomal i es and defects, neasured in one coordinate systemto effectively
"drift" relative to another coordi nat ystemas a web is traversed, i.e.,

fed through the manufacturing proces .abe sonme case, positional differences

in excess of 0.75% havel bp&dri h.;ﬁri@reéﬁtﬁioﬁ)ﬁb whlere fiducial narks are
pl aced 2 neters apart, }s@@ﬂ _ngﬂlh_(__i n a di screpancy of
14mm before re-registralti o‘?‘(srﬁf}] 2 subseqﬁént fiiducfal |mark. That is, the
"drift" caused by system di frker ences acnoss unit pperjations can result in
absol uti on positional eFFRES H -0 14m~B[‘j,Bth vart+abtHi ty ranging fromO to
14mm dependi ng on the di spa%ce £t om t he 1ost tecent blar code. [00117] The

t echni ques descri bed heSei Rigihdgntifier| appHitdd t o spadi al|ly regi ster anomal y

i nformati on produced by web—nspectionm systens at—each of the nmanufacturing
process. For exanple, one technique to correct this uncertainty and

i naccur aqy094 Ehepystein IDRahaycly diekled amongdaadfatisiing pantd 6 elur ckampkf tenat i on.
In one embodi nent, as discussed with respect to FIG 8A, after the initial
manuf act YiEE [Psserlide distpbuted psdwuann Tralsut B2eWr i ng process may perform

| inear transformations to register position data for detected anomalies. In
anot her enbodi ment, a centralized system such as conversion control system
4, perfornms the linear transformation for all data. [00118]In either case,
one exanple of a linear transformation is as follows: for the first unit
process, let EP,, be the neasured position of fiducial mark n and let D. =
EPEP"A. For the process being adjusted, let P' be the nmeasured position of
fiducial mark n and let M
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all n > 1.

fiducial werkey/d4ssand k+1,
I n other words,

+ Ph.

Pn-P,1. Let the scaling factor (SF) be:

For an anomaly j,

SF,

and SF,

=M [/ fin for

initially measured in position |IPJ between

t he adj usted position AP,
t he di stances between the fiduci al

i s [PCTRS26BA$6513 SF 1( 1]
mar ks k and k+1 as

originally neasured and as neasured in a subsequent process are used to

forma scaling factor

SF specific to those two fiducia

mar ks K and

K+1.

The di stance between any anonaly and Hahle % j duci al mark after which the

anonmal y oq
the scalin
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Process #1 Coordi nate System Process #N

Coor di nate System Consol i dation .
[0095] 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.

[0096] 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.

[0097] 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 arc 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
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Error Fid. Mark Label Fid. Mark Position Event Position D st. From Mark
Fid. Mark Position
WO 2009/014818 PCT/US2008/066513

width W apart in order to substantially simultancously detect both locating marks 82, 84.
In one example, the width W is selected to be 100 mm.

[0098] 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.

[0099] 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
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.

[00100] 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
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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.

[00101] 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.

[00102] 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.

[00103] 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
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.

[00104] 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
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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.
[00105] 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.

[00106] 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.

[00107] 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
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

25



135.369 1.756 0.012 0.000 96856 134.680 135.433 0.753 135.623 136.381 0. 758

WO 2009/014818 PCT/US2008/066513

product removed from the pool of products to be delivered, before a delivery is ever made
to a customer.

[00108] 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.

[00109] 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
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.

[00110] 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
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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.

[00111] 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.

[00112] 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
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.

[00113] FIG. 8B illustrates another embodiment in which spatial registration is
performed centrally, ¢.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
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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.

[00114] 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.

[00115] The techniques described herein may be applied to overcome a variety of
factors that would prevent anomaly information from multiple manufacturing processes
from being used. For example, position data relative to local process coordinate systems
generated by external devices, such as rotational encoders engaged with a moving web,
may differ from each other. However, differences in position data from different
manufacturing processes are not only a result of differences in the measurement systems,

but also the result of spatial changes in the product itself. For example, processing,
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winding, transportation, unwinding and reprocessing of webs may cause the webs to
stretch during the multiple manufacturing processes.

[00116] The differences in position data between manufacturing processes can
cause the position of web events, such as anomalies and defects, measured in one
coordinate system to effectively “drift” relative to another coordinate system as a web is
traversed, i.¢., fed through the manufacturing process. In some case, positional differences
in excess of 0.75% have been observed. In a system where fiducial marks are placed 2
meters apart, such differences would result in a discrepancy of 14mm before re-
registration by a subsequent fiducial mark. That is, the “drift” caused by system
differences across unit operations can result in absolution positional errors up to 14mm
with variability ranging from 0 to 14mm depending on the distance from the most recent
barcode.

[00117] The techniques described herein may be applied to spatially register
anomaly information produced by web inspection systems at each of the manufacturing
process. For example, one technique to correct this uncertainty and inaccuracy is a
positional correction method using a linear transformation. In one embodiment, as
discussed with respect to FIG. 8A, after the initial manufacturing process, each subsequent
manufacturing process may perform linear transformations to register position data for
detected anomalies. In another embodiment, a centralized system, such as conversion
control system 4, performs the linear transformation for all data.

[00118] In either case, one example of a linear transformation is as follows: for the
first unit process, let EP, be the measured position of fiducial mark n and let D, = EP,—
EP,.;. For the process being adjusted, let P, be the measured position of fiducial mark n
and let M, = P,—P,.1. Let the scaling factor (SF) be: SF; =1 and SF, = M, / D, for all n >
1. For an anomaly j, initially measured in position IP; between fiducial marks k and k+1,
the adjusted position AP; is [(IP;i~EPx) * SF x11] + P«. In other words, the distances
between the fiducial marks k and k+1 as originally measured and as measured in a
subsequent process are used to form a scaling factor SF specific to those two fiducial
marks K and K+1. The distance between any anomaly and the fiducial mark after which
the anomaly occurred is scaled to fit the target coordinate system according to the scaling

factor as described above.
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[00119] Table 3 compares the difference between using a simple offset computed
for each pair of fiducial marks, and the linear transformation that applies a scaling factor
as discussed above. In Table 3, the “distance from mark” measurement is the difference
between the mark position and the event position. The simple offset error is the difference
between the “distance from mark” measurements of the two processes. As shown in Table
3, when only using re-registration and a simple offset, positional accuracy can vary
significantly with a maximum discrepancy of 13mm. However, the linear transformation
and application of a scaling factor has virtually eliminated any residual error that would

otherwise result from application of a simple offset.

Table 3

Consolidation

Process #1 Coordinate System| Process #N Coordinate System Error

Fid. Mark| Fid. Mark Event |Dist. From| Fid. Mark Event |Dist. From| Simple | Linear

Label Position Position Mark Position Position Mark Offset |Correction

96855 | 132.687 | 132.991 0.304 133.616 | 133.922 | 0.306 0.002 0.000

96855 | 132.687 | 134.428 1.741 133.616 | 135.369 1.756 0.012 0.000

96856 | 134.680 | 135.433 | 0.753 135.623 | 136.381 0.758 0.005 0.000

96857 | 136.590 | 136.594 | 0.004 137.546 | 137.550 | 0.004 0.000 0.000

96857 | 136.590 | 137.555 | 0.965 137.546 | 138.518 | 0.972 0.007 0.000

96857 | 136.590 | 138.399 1.809 137.546 | 139.368 1.822 0.013 0.000

96858 | 138.641 | 139.874 1.233 139.611 140.853 1.242 0.009 0.000

Max 0.013 0.000

Mean 0.007 0.000

Min 0.000 0.000

[00120] FIG. 9 is a flowchart that provides a high-level overview of the production of a
web. Initially, a customer, or a set of customers with similar needs is identified or requests
a product according to certain specifications. For example, a group of customers may
request a film for glass protection; customer A may request films cut to fit automobiles,
customer B may request similar films, but cut to fit home windows, and customer C may
request films cut to fit commercial building windows.

[00121] An initial web is manufactured, e.g., at web manufacturing plant 6A, to serve as

the base for the products (100). Fiducial marks may be applied at this time to the edge of
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be appl i §d0Ex2]t Tihswth ivehérocdlleetce dige aafeb roll 7 and shipped to one of process lines
74, for instance, process line 74A, at one of web manufacturing plants 6 (104). Process
line 74 A then processes web roll 7, during processing, the process line also collects
inspection data from the web (106). The process line may collect inspection data one or
more times during processing. Example operation of a process line 74A, including data
collection and spatial registration, is discussed in further detail with respect to FIG. 10.
[00123] Once process line 74A is finished, the web may be sent to another of process
lines 74 for further processing (108). That is, if the completed process line was not the last
process line for the web (“NO” branch of 108), web roll 7 may be shipped to another
process line, e.g., another one of processing lines 74 (110).
[00124] If, however, the completed process line is the last process line (“YES” branch of
108), the web represents a finished web roll 10 and is shipped to one of converting sites 8
(112). Conversion control system 4 electronically communicates data representing a
composite map of the anomaly information regarding web roll 10 to the converting site
with web roll 10. In one embodiment, conversion control system 4 creates the composite
map from anomaly information collected from each of the process lines 74 which were
involved in manufacturing web roll 10. In forming the composite map, conversion control
system 4 may spatially register the anomaly information using, for example, a linear
transformation function, discussed herein and in detail with respect to FIGS. 13, 14.
[00125] FIG. 10 is a flowchart illustrating example operation carried out by a
manufacturing process line, for instance, process line 74A. Initially, process line 74A
receives web roll 7 (120). In one embodiment, process line 74A may also receive data
from conversion control system 4 from the previous process line, for example, process line
74B. For example, conversion control system 4 may provide instructions as to whether
spatial registration should be performed locally, i.e., by the current process line 74A or
whether the conversion control system will subsequently perform the registration. As
another example, conversion control system 4 may provide data necessary for the current
process line to spatially register position data to a given coordinate system, such as the

coordinate system used by the first processing line applied to the web.
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finished essin rol 0 prodyce, fin b roll nver si on
contro - yLESmpRREebT v Rl s iyt e SRR e B lEE B By Dach o
process I7 Reheréd dufit@lhis ASp&btiss UPSRAaRBARW) HAMABEHIt A RN @hve¥shem 4
anal yzes and converts the ?oca anomaly information fromeach of process
lines 74 conobysigmed (136).egi ster the position data to a conmmon coordi nate
system C sro ntra system 4 has retriey, he data it
aligns t ghfc?a]t]aﬁ{a(;‘ﬂ Bt {rir%‘g%% ra¥ Cf’rﬁralvx%cl?nvﬁatl i fe(%ta %ather\e/\%%lr 36t di nat e
system Wﬁhty@)pré@&&b S @ren@mrsa eﬁﬂboaﬂﬁent: opItdis r&aﬁﬁ eyﬁ ieasuratd paocess
lines 74. 100133] Conversion control system 4 begins By retrieving the

| ocal ancWetfprogepolinast/tdave ahlbrodtacnl ﬁwrﬂmtefﬁyr»@msm erllesdats withowtor exanpl e,
process | T l4i first
process Iljre%sgtrtghﬁh%\]/sg%)gsélrl g?ﬁn\eeféél%?%%@lgogrgﬁ%én“a%bmxfg 5@&%&%@%%@8}% cont rol
syst em 4 ihfoematsatoi chformrte gisateds sodrdiaate agatmafaivadnybodivhartt metyi rodudertian
process line 74A to a target.cogrdinate s whi ch. may be a target

coor di natoaegvgt ehyaghrof ﬁ@t@gwn% SaindEsnicalhe r%flpﬂevanefﬁ?ra)ﬁtﬁmmﬂ%gﬁ

coor di natg.isypptem used by one of the other manufacturing processes (144).
That is, conversion control system 4 processes each anonmaly data entry and
adj ust s t[AG1psEihanudag theusulfigracess inspratligonfanger dhpoetssiimenébhatwased on
use of t .fiducial .mark of. the. pr I nes

erbodi merise e Eryneysn bt b g equioiet hedpl i § St S BRseb el Smrant e
3. 1001344lrcBaxts the RIRYEADNRy HP6Yhiablbn HYctuesd Hy é&hrdf?v&esstmes anQa)y As
information for another one of the process |ines or instance process |line
74B, usedlissysseHdelash convesyion Fansbsystm Aanglyessray convarshnlecalyaoraly process

0 L T 86y PG B B B L 6 hBEPEETR BB T D

l'ine 74A coatma@f ¢idianeshesmOo fiRF 068&8sidd tudsrol dystod 4 @bs febridvic@ il B tehe
anomaly information fromprocess |line 74B, conversiaon control system4
spati al | yiaraegtr abigay Yiedaie taasREIPYSIe R AibE SYsbiwhigh %frsrﬁsr oxyn wﬁerte( 148). The
spati al Qﬂeﬁlt Edh% bidfi bie %P oROSH thi QJbSrd@Et Rﬁeﬁﬁ ofeds g§ ARtion so as
to corrpen ate r a variety actors, 1nc di the web may have
been tri rtﬂﬁ]:B&])rCcmrebmmecbnAnot by samo t fbeginsbl ;retnevmgmeha&ee aﬁmmaitrcﬂtfednaiwm ng

processing, cause the positi ons of f nd |ikew se
anonal i esgentrat%iirygﬂaféeﬁpt%eswgr SHEPlEP RSy lﬁggtfgrﬁéﬁpﬁﬁee@ §g¥OCty0135]
Once fi nijgRgghwhidadhdt tRfthd Ht E&E@ssflﬁ@"t‘% H&s%%%nhéd‘?roz&%n oCRNB5H 6N

control system 4 determ nes whether any |ocal anonmaly Iinformation for the
web r enmai Canvarnrangiostrel syatefl 4 ticn spétiallyeegsters th@loealaamoml}yqurmnmaﬁpon to be
regi stered ("VYES' nch of 15 t hen conv nt r ol em4 wll
Forr eve IPESY DR PARDRASF! CATOPIH WO SRR Pt Bok Boodi Rl Epht i a1y
regi ster defi@edBy Bord@rsiirSEdnsdesl sahoY 8r fnhd Bk a cobrdiutdBfsniidcd By ot theanomal y
i nformation renai ns, however, $ NO' branch of 150), ‘conversi on control
system 4 Qj@rém@wé@ttalwp@gmsé 4ap Thaisieccoprcsion copzeli Saﬁteme’gﬁ)f@@@ﬁ@cﬁaahhorral y

i nformati es ds the
CONposi tea%%%.lf)l &a‘?{ %Lttnyc &ﬁ\?‘gﬁ% tﬁé éb{t‘@mp 4121%" uglgéahggs,l&%égtn@g% dn &t q’m?t?e@i

along with the finished web roII 10. Thus converting site 8A may convert
finished web roll 10 into product 12A according to the data in the
conposite defect map and the conversiog3plan. 100136] FIG 12 is a
flowchart illustrating operations for performng a linear transformation on
position data collected fromtwo different process |ines, for exanple,
process lines 74A and 74B. Al though discussed with respect to conversion
control system 4 anal ysr s comput er 28 may aI so perform I | near

Y . T 1 o o ~ e



100138] First, conversion control system4 retrieves relevant data from
both process lines 74A and 74B (160). Conversion control system 4 ensures

t hat t he weataodmesmsbot h process |ines 74A and 74B i s comsirdse@d/ oes1dri ent ed
along the web in the sane direction. This may be necessary due to the
nature of a web roll being wound and unwound, i.e., that a given process
may begin with either end of the web depending on where the process falls

within t Haseded we.o @Pnﬁ'@%ql@Fﬂﬂé?()‘ﬁtﬂfllﬁlea@y@ﬁ’féﬁpzpcﬁwﬂﬁét By oficrrankogdémeity ect i on
of the dqh@re%q&%a%&qneplggpgdﬂag Cf{él% éﬁ?r‘fatgd a%le%f t he data direction does

not match, conversion tr ol ogically reverse the direction
of one of[oor&l]tmextpcmesmrﬂ donasl sgzutehﬂmrhestehﬂlectmbmam ihéetriadon fatapbhsr | N
one exanpl e, conversi ntrol system 4 reverses t he dlb(ﬁ%l on by

t

of fsetti MYCRECPEPSESs 185 FHAMEHIC B Ne e hd iR afe tPﬁ%:%seg. nni ng
as nmay Oqﬁfér74'Br}n£3h§r 9y Were tﬁ@?ﬁ)ceékqgl%%ﬁleﬁfart% sEIE 4P OﬁrQ@etss hﬁ@ lgta is
flowing in the sanme ditection for each process, conversion contro system4
pr ocesserodess Hat 2B maly heat proacshed wtb foldtibefate pmcdss line ZéMmmmmmébatalyen
process lines 74A . and  74B stem4 reco s the
posi ti on BFT P Bieeo iy +Asor %@%ﬂﬁ%t&efbé}y p;s?%eé%ﬁges e (8% BRI on
control syfh@aich frbﬁfbrd)&@ﬁhﬁe?ﬂﬂ] QoRAgtibh 0ontRS1 sydiemaephtidliyhdgisets thar k as
recorded by process |ine 74A (166). Conversion control system4 records the
differ encﬂ@ob@twmﬁﬂmtah@n tnmsml@umaamer bt s Ths smtlal (eg@a)atlom@datlsts thenver si on
control system Oftfhl anomal 05| tion of tcn[1 ne 1 e? %tn%rtk wi thin the
data recdrded % 5cegsy aﬁpéls(ola?(.tﬁ AhY rS ?aaswfrhey i ffeFence bet ween
the mark 1ﬁ¢1ddih?¢ha® It&vwmayrna\l@ eh dimnict @r dadhBined withe@essr Weher iy as t he
difference M (172). 100140] .Conversion control system4 uses the

di f f er endw&e pretehadiuping peocshsing. avhachsmay Faye thedrasttiorof figicid apkyand poi nt
bet ween tﬁ&ﬁmghﬁﬂgg A v o8 S 6 0ibAALeqied By Mnef pldeedid@) - Conver si on
control system sses i ocal - anomal y “nfPormatT on for process
74B t o dq0er3s] n©n¢a)ﬁratlfedawyh alhofihk Ylagadiinh prnesssvitnie7H Bneat et storbensohl ed
(175). For eac anomaly p0| nt recorde cess | jne 74B, conversion
control SYSEf deterauacsyet &Pymjakwys%m{a&m@ AfEF BC@RYAS dat a poi nt
into the &9&1&&1@&(%0‘5)’ Bt tRER Q¢ mee%l%ﬁl%lJ fn?&m%ﬁ@h toTQe fégls&%d G“'T%Sd'b?érﬁﬁce from
thefldUC|aI to'the anomaly 1s recorded as hi s distance is
"scal ed" df;ASG)attlmnmonvwgloSDDntxolls?slem 48R retﬁwn thetlocetlaoam@ytmﬁ)rmem;n fadj ust ed

pOSI tion on t oordi nat e m conversi C trol syst em4
Poas t pe i hrogtsil €0 2Rl P ad P Rahe g ah GeuR ST HE Rl Elor P i e
recorded meg%t%@%ﬁorhmPenfmﬁat(om@ﬂlam@quéf @NOOBEmeh oﬁYﬁI)eéBIﬁe@QinUSt s the
position of each anomaly between these two fiducial marks in this manner

(178) . Cowvepkivsisnchaecstcsyemepasic niebasidnnsthe heatinbsegistarebigicmalyar k i n
conmon a t t r r onmmon
(179 TOBEHTREE, Bst R RS iy RR PR S W S R S B
been adj ustietcongemivg k¢, dor SQRIPIQ lcoByestigiMit Sietatind wigisthetfidhed wich r&laso.
reached the end of the data gathered for either process |lines 74A and 74B

(180) . | fTHSCANYRAIRE Hisrtd Bay gorverifapRedavqb byl Ogpteuedust 1348@ycordigver si on
control t fiducial mark as
recor ded E?/H%g}: th\oé/:‘CBhlPé%:l%Sdsetf ?H%E%?ﬂi\ ggeﬁ%ﬁgn%%t ransformthe anomaly
data accdfaliej Flds. tllﬂes mavivobhrablosteatingaperations folr p'eﬂfemangi adihcdrhe data has

been reached for either . pr éﬁgs gln (whi ch ggy be possible due to a web
bei ng splFANSTOEBRERTRIHPAAH R £} m B0 ifferenf ROLCssRss i SXmPEs pr anch
of 180), FOANETiSiAACHN T4, SNESeMdhchasd Witk rsfRe: bicBaadlivn bomRst kPt ng
this set of data, so conversion control system4 continues wth other
processi rig andysih eomputerfy ingy elsapsifommingr aandornpeion ofdlatarcobeged by thes 74,
conmbining data fro ess l.i nes 7 r transnl ing.data.to one of
converti ﬁ“??“38“§51ﬁ 93?“?%?%%ﬁ§ﬁﬁﬁﬁ ﬁ%ﬁ?§eai W%ﬁgP}%Bnéﬁglneer nay
generatetﬂmﬁm@hmﬂﬁf&lﬂ@ﬂﬁ@ﬁ%ﬂb&@dﬁﬂHﬂﬁMﬁpEﬁﬁo&ﬁ@hﬂ%ﬁHf@ﬁ&ﬁb&ﬂﬁ&&ﬁ@ﬁ@tlOnS
performed on the web throughout the plurality of manufacturing process

| i nes. Dun¢lnding peeaass e wabanay havesirelsbedhdurmentosasaing b fulotharegaseis. used to
spatially register the position data for the different manufacturing
process lines. For exanple, a linear or nonlinear transformation may be
applied to spatially register the position data for each of the anonalies,
wherein the transformation is cal cul ated using previously generated

mat hemati cal nodels of the web process3fior the web region of interest.
[00143] FIG 13 is a block diagramillustrating an exenpl ary enbodi nent of
fiducial mark witer 181. In some enbodi nents, process line 74A may include
fiducial mark witer 181 for application of original or supplenental

fiduci al narks In t he exenplary enbodlnent of f|du0|al nark MW|ter 181,
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1001461 Reader 188 may be very simlar to the fiducial mark reader as
depicted in FIG 6. In the exenplary enbodi nent of fiducial mark witer
181, readwo 2008@1u8ads existing fiducial marks 182 and cecwmus2@anes3
information read fromexisting fiducial marks 182 to trigger nodule 192.
Trigger nodule 192, utilizing distance information obtained from encoder
186, can thus determ ne the position of existing fiducial marks 182 to a

hi gh dedPBB7bf Garcsalhagyingyr tasfogmalant is goedkle min dnta femdnsteapnaiet ween
d ] Tri Qo | i . i nt
750t w Refihud £ 8RR bora e by IR IR ofify FENGIAL MERR ' Ohc

t he surf acasimedfo2the BeadmntclyBeneof premds Lile74Bwl it thp pbarétiafei sgisteinall mar k,
e.g. new fiducj.al rk 184A, .once new fiducial mark | A passes under
reader 1G8O°CH I@fgéﬁnédﬁw@%@eaﬁg@n%f%wwnm (S r&fﬁ%?%?%@?’bwra%a new y
witten figuchale BISqutBE nasigel |- I'n one embodi ment, printer 190

conprises an inkjet printer. Printer 190 may conprise any devi ce capabl e of
appl yi ng [A0F38dukirg) comserkion@ontedl sOtemFbretresvasleanpddtmfrem W) promyssdoepr i se a

| aser printer vi ge to.secure. nechanical o eti.c labels to web 20
RSP R e e S IS AL St M Rt A

exi st ' ng 18R 7im~°aﬁ_ﬂt7ﬂg i§ betdtdendd d@”%"ri'éﬁted laldag the #éb id thosihatrsctRN. erapl e
wherein new fiducial marks 184 are interl aced between a full set of

exi st i ng madeciegesspar dus to 8% natyre ohp svebxakipriag woabd 20d hawounds e¢., thiat @xi st i ng
fiducial nmarks 182. sho i.n Fl A, fiducial nmarks be n t he
cage of BB EEmed TRl st 50 b Gl Rl Pl s el e e
| i ne runniifgn @ @tipe! CoBvdréien vehiraRgstérn dusiyadetdriiksSthie liret e of kg datlFach of
exi sting marks 182, for exanple existing mark 182A and existing mark 182a
may be spaeddingtto fididciakamask gatan i the defa dirsetipncdocs pefrmatchfoBrdsieRbodi nent ,

this dist - ' [ ' t ed,
For examsr o] oreenfl Uledly TR fl e B S TR B ol IR AL Pl
15. Sui t abitehd ddadiredtiomandcshdsoin end dxampdy, cootdision corgwwl bystktne dabvarss kise 184

and existjng.fiducjal marks 182 are depicted in FIGS 5. 100149] FIG 14B
i |lustrat fse%fa?fl By atfsntiang,jhe dag %Hlef@?iwégheawwﬂdﬁt%&ﬁh% theeei 3 marks

182, but }ieo&xut sithO%riald BgEIns late. That is, there is a space on web 20
fromthe start of the web to sone point 194 down web 20 where the space

does not [AGIAY] eiftst ¢nsgrifg thatthaldataas Rewinguh tha amepbreation] f4 cach proedss,20 does
have existing fiduci al rks 182. F| G, .14B depicts ese voi d spaces as
Vol d spaceevdush PP e 1 s Behi e TS ey el T bs pect
to FIG IRtwddn(edcal inarAvHdt 2B 482). nevnv@Ridycdh@wl §ysthuct adcob@rtks 184 to
spaces between existing fiducial marks 182. I n another enbodi nent fiduci al

mar k wr i tnesitipg pf ghiymiark asddearidechbyapieicsss hiag 7fAdled)al Canmelsipntconiyol systspates 185
wh fi i al : I . fi i al
ere figucl r%galtg?%l‘é i>so§1p§ﬁ‘ Pﬁh{% QLG f'gaeu%b’hl Rl %%c%‘&?% bfrqu(cQPsei{n%tﬁA ('Slt%ﬁﬁ' a

mark writer S VoI d spaces rks™ina di ct
format freunveswenl dodtiel Sisteibd k&odd84he dilfiRtenics bethictitcalvo FRiukiamatl@ras D§1 may
utilize a different format of fiducial marks for filling void spaces 185

t han t he @6%naYcxbceaversipn serfrdl§yvew 4 finfsdhaposianef thenext fiduciplgnagt of t he
fiducial =t (I | i mat ch
the for rravgﬁgﬁhe{(@iat %fe'ﬁg‘ld!? ?gﬁﬁuacgssslrmﬂlr%ﬁ@%l@gé) %ﬁ%g?\ogg %glre dgﬁ n%%%%r%ﬁ?%tt é;
format ofmirkend tldyoeabusmatkswition thid ddta ofjprecesd liapadB as IiRSHiffergndeMt, (E723anme as
t he forma[h ﬁ&%n w fiduci al rks 182. hn yet anof her enbodi nent, fi duci al
mar k wr i tI8PT8 1 CORYersipREonor Xsiam§ uprd e kforenir » ! Yoitg e desalits but
only appl Byt fofl Bechatd BikiSoehbén thOBIPRHudiI Gharld Gudd thesdr,al 66 /@) exanpl e

wherei n web 20 'has a set of existing fiducial marks 182, but the existing
set ends (@&l yonVhmion ptrolwsystem 4than ppaesscotheiednl 2@orhaly mibtreatgmaot of t he

b t int. 196 d b 20 wh th h i sting fiducial
ks 1530650t P SHARBTL SRCaRY APHENE PaBORORER SerhE e & e ke,
FI G 14C mipRh& SnohliBp8aty Pbidt FRE&IGE b??rd&bﬁim%ﬂ:&%ioﬂ Por?e s@ihedi ment ,

for exanple as discussed with respect to FIG 15, fiducial mark witer 181

may appl yspelestaingifagtontlike tragsfors caghadataspaint inethe esgrditategpypticaudi al  mar ks
182, and j I 14 i i i 1. I n fiduci a
marks. to WA HAGIET Thadhahs TRldhot b he ARkl eS fhedBBlpbun ot
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
voi d spaces 185 may match new fiduci al 3farks 184. [00151] FIG 14D
illustrates an exanple 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

bet ween two points 197, 198, wherein web 20 has existing fiducial marks 182
fromthe start of the web to point 197, and frompoint 198 to the end of

I ~ N o - - o A NN o, PR — N 1



which fiducial mark witer 181 may apply fiducial marks to void spaces,
that is, spaces where fiducial marks should exist but do not. FIG 15 al so
depi ct s awmoex@misasnet hod by which fiducial mark writer PC3USh®g/0663D3 Yy a set
of fiducial marks to a web which has no existing fiducial marks. 1001531
First, web 20 nust be in place and ready for marking (FIG 2). At this
time, fiducial mark witer 181 is activated (200). Concurrentl web 20 is

wound of fasdP;. & haudipiened ingscalsd] bydatceminngesRd™ Bt SFsugpento Hygaiedhe neveausi ng
web 20 t asty i i al 11er . p e ing a
| eadi ng gaéi U[eS?e\céi]ﬁJ P ﬁlgﬁvxj}e% Og;ﬂ?él %&e@n@&ﬁ@@%ﬁ&% %dlngFllrSgOZlSC%gﬁgll %’?tgﬁlcig(g(%su nt er
D to zer ghé AR distanc@dI;té die, pokitiog @€ thenfixtiialad mhelPad metdrided by pocessdino7dB

variable FD to represent the fi de di st ance between fiducial nmarks. In one

enbodi merft /O gyesRsanirel sysomyt edutehemesitioppt pachiapgmat berucqiiess | t

r ecei ves (GRMidufay mhASif HAL hARRer (1 AN RRn0BSIORBhrol lLERS tERAHleHk n8% al so
mai ntai ns a position offset variabl'e PO which représents the distance

bet ween rfehdet mb88inanvdhpon mtdeepd@Othe pOESAInt\he mone bd@Galrasrkexieshi ng
fiducial marks (]@é} reader 188 sends a fiducial pulse to trigger nodule 192
when read@M™™M¥B 'détects a fiducial mark. As long as a fiducial pulse has
not occurpgrs(” Ote Hr adetulied bedRddn thelerwo FURiA MY K€ bied 4djeR&d, | nue to
wait for a fiducial pulse. Once a fiducial pulse occurs ("YES' branch of
204), tricggesrsigndonteol Bgstemid det¢rpiingsartictter & haeweacheshthe endvof e letao and

di stance D, o rQ..(206). Tri 1 2w ll . .then enabl e the new
count er 160050 0" Bl Pikers ¥4 TR S8 nEhoth sk BeBOR B5Be530) | ana
W 1 cont(NOe tranchaif 11 §@S coBREsidiBcorfrobHisames willlisg thegositiin dfeke &seur r ed
("NO' branch of 210). 100155] Once an encoder pulse occurs_ ("YES" branch of
210), hovitdrsial mareasicerrdehby Grahiad prages lines df Arddt/4R ap¢ trangforathg s, N = N+1)

(212). Trj ' ' S | FD / 2
(214): 1 1Ry TG Bty hsbiope S B IR g MBS 2 few
encoder puiched forfeithei mroeggsdhe (whiEnizy be@essiele du¢ torESED beiapsplitotordiidgd

Lo 00T it ot Erer hamont S BB o et eriBh ) 1
other worgg,s firfidhdd FhedIRAU R folRen Ml sel HISdAAIGH cRIVREGT cokfB] bRt unt a new

fiducial mark hal f-way "between existing fiducial marks. Trigger nmodule 192
wi | |t hercoptimpameth @hgrirotessing, anbgt lifdady tiaasformaink amgwhhasadd]proagss leesf | duci al

pr esent nsor. i npu te for a.distance of .(3 * PO / 2.(228). Thos

ki1 red 1 poreou e LR s ot GG e daBAYEns REAPGRtng e pr i n
new fi ducd{pai4zrarnks@nﬂe8e4ntﬁ{dﬁﬁé1h§ra rhéﬁe@ih%@h@in_@é?%@og%'néﬁa%e dr@orexanpl e, one
could no |f¥ the above instructions to print new fiducial marks 184 at
one- quar tre¢thernatiqabmailels fo1dhe penweetiriag pperpepsinctaaned omtekebiBPUEN@0156]
When web . exksti fi.duci rksnl t 4 .S S a certain mark,
for inst atﬁgc)gf,&%ﬁ%ty 85‘?@‘%%8“#@%@%‘%%1*%&; kDE’gé%glﬁeé%“"%e%tﬁg‘t??‘? ISt ed, fi duci al
mar K wr i tregthdr8dtiadmot &P hagsefuselie sphtiatBr degib®2 the pbsitiod elataotthl@iff@entwi | | be
expecting a fiducial pulse but will not receive one, as _fiducial mark 182C
i s corrupgbeBfactyaeatresss lipes. Jigs exsrprig) &linmyp oppenlingydrapsormaien ®avkeer D to

measur e i : [ i ' exi sting
fi duci al aar’%glrli& %@%ldgﬁoljﬁ%@gtteﬂgﬁ’c?g%@é 39@8%%&%’5 aezaggﬁ“éﬁ%%’ gﬁhﬁ&gﬁ %8 int,
trigger noosfoemidt@ch wichlculatedtusingtprowiotsty gdr@attdmuathictnetifal dueclicBlof mher web n t he
correct positign (226). Trigger nopdule 192 will again prepare to print the
next fi dLRfP‘éﬂSSIQ“Pé @F‘Hﬁgfﬁg% i"B§"She fiducial present sensor input gate for
a di st ano[ﬁ()ﬂﬁ](lilscfz. 1E%a%o%kﬁ?a%b iR lan @D B MERnPOF SXIcEH i NI

fiducial marks , en web 20 has a set of existing fiducial marks 182
as wel | asarkoirdespHcds saB8 cabodinnts, procEisEBe 744, may tebidalfidwaikmarki t er 181

may det erni.ne n tqg.print.a.new fiduci al in aslightly different
vay. i CrEF Y ER b isBinbhe s oo e idtebl g SR Lol B o
zer o (20Z2mbofisméMQF Eidadiel merkexiitst 1819 filihSbichad Witk $8 L&dpriset 8@yl e 192
wi Il never receive a fiducial pulse ("NO' branch of 204), so trigger nodule

192 wi | | rerder 18%rwratar EML enierigear medile dA7 e Hisbaiet medewrizp 031 isthipicalih encoder
| . (" YES, . , { | i1y d D
(that s Popfiohiefueh L3RG R0 EaMnd H4Q9 8 TRBE) AR AELSTER her o

is equal to FD (224). If not ("NO' branch of 224), trigger nodule 192 w ||
wait for a new encoder pulse and continue to increment D. If Dis equal to
FD, however ("YES" branch of 224), trigger nodule 192 will instruct printer
188 to print a new fiducial mark, for exanple, new fiducial mark 184B
(226). Trigger nodule 192 will then reinitializeD to zero (202) and start
over again. In other words, when no fiducial nmarks arc present, printer 188
will print new fiducial marks 184 at a distance of FD apart. In one
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1001591 FIG 16 is a flowchart illustrating exenplary operations involved
inidentifying areas of web nmaterial for a given web roll segnent that have
been procwezed/tisieughout mul ti pl e manufact uring oper at iPomasSand/o6dsher ef or e,
are candi dates for spatially synchronization. In one enbodi nent, conversion
control system 4 uses fiducial marks to identify various web rolls 7, 10.
That is, conversion control system4 may identify segnents of a partlcular
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[00147] Trigger module 192 may instruct printer 190 to write a new fiducial mark, for
example, new fiducial mark 184 A, onto the surface of web 20. Reader 188 may read the
newly applied fiducial mark, e.g. new fiducial mark 184A, once new fiducial mark 184A
passes under reader 188. Trigger module 192 may record position information about
newly written fiducial marks 184 as well. In one embodiment, printer 190 comprises an
inkjet printer. Printer 190 may comprise any device capable of applying a fiducial mark to
web 20. For example, printer 190 may comprise a laser printer or a device to secure
mechanical or magnetic labels to web 20.

[00148] FIGS. 14A—14D are block diagrams illustrating the positions of existing and
inserted fiducial marks. FIG. 14A illustrates an example wherein new fiducial marks 184
are interlaced between a full set of existing fiducial marks 182. In this example, web 20
has a set of existing fiducial marks 182. As shown in FIG. 14A, fiducial marks may be
near the edge of the web outside of salable area 199 (bounded by a vertical dashed line
running parallel to the web and fiducial marks in FIGS. 14). Each of existing marks 182,
for example existing mark 182A and existing mark 182B, may be spaced at approximately
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.

[00149] 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
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
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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.

[00150] 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.

[00151] 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.

[00152] 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
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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.
[00153] 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.
[00154] 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).
[00155] 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
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
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above instructions to print new fiducial marks 184 at one-quarter of the distance between
existing fiducial marks 182.

[00156] 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).

[00157] 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.

[00158] 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
new fiducial marks 184 between existing fiducial marks 182, or even replace a missing

fiducial mark.
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gaps. WDrogngs(148d 8P TiedIp0uBs06EEeB sarapisd 65 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.

[00162] 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
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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.

[00163] 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).

[00164] 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.

[00165] 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
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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.

[00166] 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.
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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

[00167] 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.
[00168] 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).

[00169] 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.

[00170] 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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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

[00171] 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.

[00172] 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.

[00173] 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.
[00174] 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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[00175] FIG. 18A is a block diagram illustrating an example web roll in various stages of
manufacturing, wherein the web roll has been split and joined in subsequent processes.
Initially, a manufacturing process, i.e. Process A, has processed web roll 370. In a
subsequent process, web roll 370 has been split into two web roll segments 372A, 372B,
cach of which have been processed by a different process, i.e. Process B. Later, web roll
segments 372A, 372B have been joined with another web roll segment to form web roll
segment 374 which a third process, i.e. Process C, has manufactured. During each process
in the evolution of the web roll, certain fiducial marks 376A, 376B identify a segment of
the web roll that has undergone the same sequence of manufacturing. In this example,
there are two segments of web that have undergone the same sequence of manufacturing;:
segment 376A, comprising fiducial marks 4878 to 4885, and segment 376B, comprising
fiducial marks 4889 to 4897.

[00176] 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.

[00177] 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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user to observe and compare data collected from a roll from multiple processes. FIG. 19
depicts graphical user interface (“GUI”’) 250. GUI 250 comprises web ID text box 252,
process A text box 254, process B text box 256, submit button 258, and result pane 260.
[00178] Conversion control system 4 may present GUI 250 to a user upon a user request
to compare data from process lines 74. A user may wish to view this data to optimize a
particular process line, for instance, process line 74A. Once conversion control system 4
has received a request to show comparison data, conversion control system 4 will present
the user with GUI 250. A user may then enter the numerical identification (“ID”) of a
particular web roll 10 in web ID text box 252. In one embodiment, web rolls might only
be identified by fiducial marks; in that case, web ID text box 252 may be modified by
those skilled in the art to retrieve data associated with a particular fiducial mark or a range
of fiducial marks. An ID for a web or a process may be numerical, alphabetical, or
alphanumerical. In some embodiments, web ID text box 252 may comprise a drop-down
text box or may provide a search function; for instance, a user may search for the ID of a
particular web roll based on where the web was manufactured, what process lines the web
underwent, what types of products 12 the web was eventually converted into, to which of
converting sites 8 the web was delivered, or other properties of a web.

[00179] A user may also enter the ID of the desired process lines 74 to be compared in
text boxes 254, 256. Likewise, in other embodiments text boxes 254, 256 may comprise
drop-down boxes or provide search functionality to search for the ID of a particular
process line based on which of manufacturing plants 6 the process line is located, whether
the process line comprises a fiducial mark writer 181, what type of web (e.g. paper,
woven, metal, film, etc.) the process line operates upon, or other features of a process line.
[00180] Once a user has entered the information in text boxes 252, 254, 256, the user may
then select submit button 258. Submit button 258 triggers conversion control system 4 to
retrieve data in text boxes 252, 254, 256. Conversion control system 4 then retrieves data
regarding the desired processes with respect to the web ID in accordance with the
information entered into text boxes 252, 254, 256. Conversion control system 4 then
displays the requested and retrieved information in result pane 260. If an error occurs
during retrieval, for example if conversion control system 4 has no information about any
web with ID matching that of the requested web ID, conversion control system 4 may

instead display an error message in result pane 260 informing the user as to the nature of

50



140 53 53 forward ClI S2-0001 6 472 6 472 467 197

WO 2009/014818 PCT/US2008/066513

the error, for example, “ERROR: Web ID not found.” In other embodiments, error
messages may appear in other forms, for example in a new window or text box.

[00181] In the example of FIG. 19, exemplary GUI 250 is shown in response to input by
which a user has requested data regarding a web with ID “96800.” In addition, the user
has also requested to compare data collected from process lines “1” and “4”. Having
pressed submit button 260, conversion control system 4 has retrieved and displayed data
about web “96800” from process lines “1” and “4” in result pane 260. Thus, the user is
able to view and compare the data gathered from these process lines to make
determinations about the web and possibly to make decisions about how the process lines
could be altered to improve product yield and decrease defects.

[00182] FIG. 20 depicts an example of an alternative embodiment for applying techniques
to spatially synchronize position data, such as position data for attributes or anomalies, for
a plurality of different stages within a single process line. FIG. 20 depicts system 400 that
includes a single process line 402 and analysis computer 408. Process line 402 includes
multiple operations 404A—404N (“operations 404”) performed within a plurality of
distinct stages 405A—405N. As described below, various operations 404 may be applied
within each of the different stages 405, and each of the stages may use different coordinate
systems and/or fiducial marks in order to obtain position data. As a result, system 400
may logically be viewed as similar to a plurality of different processing lines for which
position data may be spatially aligned in accordance with the techniques described herein.
Some or all of operations 404 may gather digital information about web 406, which may
correspond to a web roll 7. One of operations 404, ¢.g. operation 404A, may generate
digital information according to a first coordinate system, while another one of operations
404, e.g. operation 404B, may generate digital information according to a second
coordinate system. In some embodiments, certain operations 404 may only gather digital
information without changing web 406. Analysis computer 408 may retrieve and store the
data gathered from operations 404. One or more of operations 404 may change web 406
in such a way that analysis computer 408 must spatially synchronize the retrieved data.
[00183] As an example, web 406 may begin at operation 404A. Operation 404A may
initially apply fiducial marks 410A—410M (“fiducial marks 410”’) to web 406 at two meter
intervals. For example, fiducial marks 410A and 410B may be spaced approximately two

meters apart. Once operation 404A has applied fiducial marks 410 to web 406, operation
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404 A may read each fiducial mark 410 and determine a position corresponding to each of
fiducial marks 410. Operation 404A may record data regarding web 406 according to a
first coordinate system. Operation 404A may include, for example, a computer to store the
collected data according to the first coordinate system and to interface with analysis
computer 408. In another embodiment, fiducial marks 410 may already be present on web
406 prior to the first operation, e.g., operation 404A.

[00184] Operation 404B may perform processing of web 406 that results in a change in
the size, shape, or dimensions of web 406, for example, stretching web 406. As a result of
this stretching, fiducial marks, e.g. fiducial marks 410D and 410E, may be spaced
approximately six meters apart. In other words, operation 404A may stretch web 406 to,
for example, three times the initial length of web 406. Operation 404B may read each
fiducial mark 410 and again determine a corresponding position for each of fiducial marks
410. Operation 404B may record data, such as position data, anomaly data, defect data,
and/or attribute data, according to a distinct coordinate system. Operation 404B may
likewise include a computer to store the collected data according to the distinct coordinate
system and to interface with analysis computer 408. Operation 404B may also insert new
fiducial marks (not shown) between the fiducial marks applied by operation 404A in
accordance with the method discussed, e.g., with respect to FIG. 15. Subsequent processes
404 may similarly process web 406, which may involve manipulating the size, shape, or
other dimensions of web 406. Likewise, operations 404 may read fiducial marks 410 and
record positions corresponding to fiducial marks 410, as well as data gathered during the
operation, if any.

[00185] Once web 406 is finished, i.e. once operations 404 have finished processing web
406, analysis computer 408 may spatially synchronize data from operations 404. For
example, analysis computer 408 may scale data gathered from operations 404 according to
a method similar to the method discussed, ¢.g., with respect to FIG. 8A. In another
embodiment, each of operations 404 subsequent to operation 404A may receive the
coordinate system of operation 404A and record data according to the coordinate system
404A, similar to the method discussed, ¢.g. with respect to FIG. 8A.

[00186] Analysis computer 408 may create, for example, a conversion control plan
according to the spatially synchronized data. Analysis computer 408 may analyze the

spatially synchronized data to detect, for example, anomalies, defects, or attributes of web

52



779 779 951 173 173 reverse Cl S3-0003 1225 1391 1225 1391

WO 2009/014818 PCT/US2008/066513

406 in order to determine portions of web 406 to convert into various products. For
example, a particular customer may require extremely narrow ranges of variation for one
or more particular attributes for a particular product, while a different customer may
accept a wider range of variation in the attributes. Analysis computer 408 may determine
which portions of web 406 fall into the tightly controlled range of variation and determine
that those portions of web 406 may be delivered to the first customer, while portions of
web 406 that are within the wider range of variation may be delivered to the second
customer.

[00187] Analysis computer 408 may determine whether anomalies exist in particular
portions of web 406. Any of operations 404 may introduce anomalies, which may or may
not cause defects, into web 406. Analysis computer 408 may search for anomalies and
attempt to determine whether the detected anomalies will cause defects in particular
products. Certain anomalies may cause a defect in one product while not necessarily
causing a defect in a different product. Analysis computer 408 may use this information to
determine which portions of web 406 should be used for creating which products.

[00188] Although described primarily with respect to generation and spatial registration
of anomaly information (i.c., a deviation from normal product that may or may not be a
defect, depending on its characteristics and severity), the techniques may be applied to
defect information. That is, a system need not perform the intermediate functions of
collecting anomaly information about potential defects and applying an algorithm to
identify actual defects. Instead, the system may generate and spatially register defect data
directly.

[00189] 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.

[00190] FIG. 21 is a block diagram illustrating an alternative embodiment of the

techniques described herein as applied to a system for collecting measurement data from a

53



167 167 forward 1001711 To determ ne whether data for the sel ected process
is associated with the particular web roll, conversion control system4
uses the wodoevahsisar ks of the web roll. |If a successor PpTaSe®s/obes3 not or
cannot join tw rolls, conversion control system4 may | ook for overlap in
the fiducial marks between the two processes. |If a successor process may
have joined two rolls, conversion control system 4 conpares the expected
fiducial weh IAeh discaved arimpribuwithrespegt ko Snafiak yyackrepeetieaioffangmelyal  nar k
count an i I ] i i ,
conversigﬁﬁ€§% rdﬁ%§§g?gﬁ%ﬁﬁhﬁgﬁééP%?ﬁg%%qéﬂéfﬁ%Péé%aé%ﬁ%?gﬂﬁﬁﬁéﬁggéata and
w || exhaufiutdry Beakedqplhthedathaiqubindanebainizoeh meagthe reddilycelaptad o psr cent
is a five percent difference in the expected fiducjal rk count ("Expected
#') and tIREMQEEYarritg %f&?aa_ﬁu%ﬁs@r%%meisum@éﬁw'ﬁO.r vib TR REI cont r ol
system 4 l\qgésﬁféﬁléﬁ?%ﬁrtéi'ﬁst e’ differl ol HhspBAHA s E@m?r%@g{lslw&cﬁbemhator Last
is not equal to either M 0 or Max, co versign contro system 4 may al so

det er m nelefdeét orandai hespap neixtiypicalasogragiatdd freex Heushemeldydigeddeth striven,dat a.

O herw se, . conver Si control system4.may proceed. w.th the optj.m zed
search nahEaMoeerT BUSS ALH B Hiates 1 R R e o bt ¢ he

et hod, tdae: @Fames MRasITBY RN semINalse tédlitoRbREAUEMt RRV: dakedilbdiohakks 4
above. The | ast process for a particular web roll may have been process D
of pl ant dblower sphiial cousrege efdhy wick idon tcanquistionspeedeanspatidl r¢solydioher al | dat a
from progess,hs AN0nE0c (S DS S A0 8% BORSLAL S0 R LASISRAPLSndRhy PT OCESS
D . 1001757 ls anot K&y exgﬁﬁPe opgfa?lon STPHRE e od;““t'He pP%ce ses my
agai n confyeefdat.t he hierarchy portrayed in Table 4 above. The |ast process
for a particular web roll may have been process D2 of plant D. In this

case, cor{@Yil oWithaneasuiemeptivstens, piordpctgatigte dafa is geguiref eBdsptiglEss D2.

Conver si . : ] : . e ses A2
and Aa of TaraateR 13N PERAL R bl AR R LR b B ey
t hen gat hpatidtsgnthronizingakesaaBie afpliel antnyBypLodmessirddorideseinfnedas possi bl e

predecessors AS _and Cl, so conversion contrql system4 wll gather data
From pr ocBEREES A i » @afheredppigsay e Hastag @@g&f&rl&p?%%@gse@h A2, AS,
and DI . Ta!?t?fbute‘if&fhvﬁﬁlﬁh&ﬂy%&%ﬁfeﬁlfr&ﬂ S LRBEr WeddurQ@dn §YstdRl Achab gl;o‘ﬁﬁctt o the
web roll fromeach of A2; AS, and DI, none of which has any predecessor
pr ocesseghickizoss,, sucec@ughmass, semperaturs pstsame Acfledtivitgatrdvsmigama f r om process

Cl i ] Cl i . to D N t B3
Ther of or dranddrahefion Fantvl B EbeRTATH 1 PgatnEr Tadea T R bt hes A2
AS, and DBlanshQibA%t rdftticomBtRAY iMBYesR: 3Hdd s SEuevidlct AV AR RSEr rek@ings,

exanmpl e, the nmethod may reduce the tine required to search for data rel ated
to a par tipgeed (IRyamages| ar readingspoptish orseigrnal unifpenitp eressyra gatiitipns gich

hi f I ol . |
N A

a | ogar i tgotarizafiom CEx@ipled oftheastiteilRar ddficcRt®BReSeS sulh apFibeRnbf & Webhe system
as opposed to being directly related to the nunber of processes 74 present

in the syB¢lads ragigion gaugcs pfisplsgagacs Batargsneesy ScRuy devigsy. EVeutlR cgmeras

dept h-fir f t i L g £ nunber
of br anciias E E e H R e Aot vl y
sear chi ngehss, padssure shoess, sikd $peetdalicametas aad sensbtsl Oreckdled Ze thchat willf or t he
timng functions Big-Theta (0), ich describes both upper and | ower

bounds, EPELERIY B d ngqaé%%wr%éﬁl?&ﬂ%m%eﬂ%@eéﬁah 9 9%fga (n), which
descri bes,lRQuRhARWR dsoastBineni i n@gd may change the run tinme from O(n*m,
where "n" 1s the nunber of processes and "ni is the maxi num anount of data
stored fdPOEIY Amecapurenesssysteo Dy aeruiramafo@atidnodj(aally fronl9BLT5IwWeh G 18A i s
a bl ock di%%r%n1il Str ti&%%?n exaﬂﬁleéﬁﬁb.roll.in va{HQus st ages of

manuf act CFEFAG WAEP ARG T (e 4S ghRRAnE B OBt j Bt §25°n? subsequent
pr ocessesmedstifchicat ptenBmaRALtbaGtcUht REaRIr Q688 Yatal with a PRRE@S ocltiol@Sthe
processed web roll "370. In a subsequent process, web roll 370 has been
split intwehtpg Melbdegsed ofspgial eeurap2 Alor 3x2BpleenBatagiughingn piavde been
processe Lff n [ QC. o P ol | gnent s
o 3y anKade s Y REprRG CORET o sPloe FERER TusfpreoBifiiy HREbBleks R T ol |
segnent 374 which a third process, i.e. Process C, has manufactured. During
each process in the evolution of the web roll, certain fiducial marks 376A,
376B identify a segnent of the web rol k4t hat has undergone the sane
sequence of manufacturing. In this exanple, there are two segnents of web

t hat have undergone the sane sequence of nmanufacturing: segnment 376A,
conprising fiducial marks 4878 to 4885, and segnent 376B, conpri sing
fiducial marks 4889 to 4897.



1001761 FIG 18B is a bl ock di agram show ng exenpl ary segnments 376A, 376B
of FIG 18A. FIG 18B depicts how conversion control system4 may realign
t he segnmewibx0e918818] yze the data from each segnent. EaclRCofUSs@giedtis 376A,
376B have passed through the same series of manufacturing processes, i.e.
Process A, Process B, and Process C. Conversion control system4 may use
the nmet hods di scussed with respect to FIGS. 16 and 17 to determ ne segnents
376A, 376Bakynd acesamuliple recesemeht aproscd lndhe ewmfapemaly dabmettiabute dateem 4
may extrac rdi REARENG . m t he
pr ocessege'é'ﬁ%til E%gégﬁg’\}gé%%ees%a 62%1 %n sue%%gn{ éﬁ%@%ﬁg%?@%%ﬁ%\/&% on
control gydtetnd idaliftinedefeciveac pordatidlycdofomive repisesgtent sc@76A, 376B to
mar k posihbf?r}segf anomal i es or defects on the surfacg of the WleSP a%

descri bed W et angasyiRment ystven May alipl s @apinghexemhby aptadt dag regarging thapy - No,
2005/ 023 ; AUty | cts on
Viebs of gwﬁ%%? Fﬁ?&% %ggxﬁ@??’%?&gﬁ%%m %%E? TRy 1%%5%55%‘?%%8%‘% o

i ncor por anedchypcarehewehoeithaut nt@seniy dietojly nGaswarssteopeeomt pbthesyedbt em 4 may
use the data in other ways as well, for exanple, .t optimze the processes
or “to redarlt SR Biam G eter ey foprts it BuPfh Refi B b er
of anomaly,@spRRitaPloc IR G theQF @M bicRSI dst FrB&udMRmARufactiRd Woin Bk vidbe
processes. 100177] FIG 19 is a screenshot illustrating a conparison of

dat a gat hEreet, thenmanbe psrrtiebsynichipagzatippbetiveen tigoesh prtesasad phpseal 74A and
74B. I one Subodi e CONVELSI O (gﬁe”[t Lok soésst o, e | SE5F Ba@fiaphi cal
user interfrace system Rt NG & USere s Psr sty V\AI}% Vel s8R cont r ol
system 4.acOsrady) BfAF@AtErc ddtg G ApRiptR may IR paitRuRilyagefulyprabdsoyy sach ser to
observe and conpare data collected froma roll fromnultiple processes.
FIG 19 d@psdig. graphical user interface ("GU ") 250. GU 250 conprises web

| D text 2 t. . E lex subm t

but t on ZQ@IﬁdM r giugﬁé%gﬁtg 1§§®GP%§O%§@116%2\§§§zjf%ﬁg%gﬁﬁ ro fgt@lg? em 4 my
present Gy¥bmphdy mangerslsOne tponf amcdseemedgyesin ihvoleanpsatge gainasdnsam pr ocess
lines 74. A user, may wish to view this data to optim ze a%qpartimlfr
process |4°ARINg dptajaha pighierary RPE HEC cfsev st ransease Rl direition E6rts ol
system 4 ih_@s?ra’f&%%‘e%%ﬂpﬁ Jf%ﬂél?éﬁe&ﬁréﬂ&i‘é’sgs%m%bﬁp @yﬁéﬁl%somﬁé’l‘ﬁaéé W&, contr ol
system4 wll present the user wth GJ 250. A usef may then enter the
nuner i cal452demdidpeciabn ¢H4 4 thadinchafes atapamary sersar 4% bWebHb2A Ondlmdaseb | D t ext

box 252. one enbodi t, web rqolls mght only be identjfied by fiducial
mar ke § U TSSO R B s BT, BESSHOR o B i MRk || eq
in the ardaticd dil fucBYE nladRcASS AeladtrBf WU 452 BRT debérdladjosftiod Wsi @lch iBitk or a
range of fiducial marks. An ID for a web or a grocess may be nunerical,

[ (Wé%

al phabet idalkta. GpcaatighaddAaniscalbo road fislyetal matko ¢/ b rnd reopebasseristet box 252
may conprj se. 0 . | de rgR functi.on; for
R T R TR TR
wher e t henytirewat dad Bfragiludabe), of\Wdainweb0ice s&ichind direétivr, poditisHydeitWaitited What
types of products 12 the web was eventually converted into, to which of
conver t i H§sdttansinghe grassyeh dipgstione| Ay dapicicd Brthe exanplp pEBKY t3lesenser Howeb.
100179] : t I f Sidl, r i.nes 74 to be
conpar ed%&%%ﬁ%g@gg&gy,EES%%&LE%\%' sé, ??t%%oﬁsﬁgﬁngyn%ggmdrﬁes% t ext boxes
254, 256 dseyputoapd/oséatalsasp tadone [bak etsriloute priommatien sedtemtdriace wiithnal ity to
search for the ID of a gﬁiti cul ar process line based on which of

manuf act Lﬁoflﬁﬁsﬁpéﬂ?@u@f process line is located, whether the process
line conmpofet A sbédhdGh@hod B dbtthinkSheal@tmelidla IV BR cOThcWBY of £ SrayRGPET ,
woven, netal, film etc.) the process |ine operates upon, or other features
of a proces®rs dmucasiBdkBOdcvdrseositiosat atimadtipletleragidng ¢ressweboMasitomenn t ext

boxes 252, 254 _ 25 he, user, may, t sel ect .supm ut.t.o 58. Submt
but ton_ 2587 9B FAbne bFERigR REnerar BT cRE O P affufdorn tex:
boxes 25Z%iatidadny MeBurciiRiVEHSdcQB66RAMIIH (“BitaiiRbhéntidieRed £407) eoaRr dat a
regardi ng the desired processes with respect to the web ID in accordance

wi th t he dnpfodiments oy ape apyethmber of megsurgrasd slepisgs. Wsla 45208 grclhgsp fidneirlon
control s t ' d r.ehs4eved in Lon in
rosul ¢ pafkSEy, BGatT PSR Bub b RRRRE S WS 2 R B B
conversion control system4 has no information about any web with ID

mat chi ng that of the requested web I D, conversion control system4 may

i nstead display an error nessage in resslt pane 260 informng the user as
to the nature of the en-or, for exanple, "ERROR Wb ID not found." In

ot her enbodi nents, error nessages nay appear in other forms, for exanple in
a new wi ndow or text box. [00181] In the exanple of FIG 19, exenplary GUJ
250 is shown in response to i nput by which a user has requested data

M. Y. Y. Y. T o o T |



[00184] Operation 404B may perform processing of web 406 that results in a
change in the size, shape, or dinensions of web 406, for exanple,

st ret chi nyowely/M1@88 As a result of this stretching, fideciraiS2emsnkeise. g.
fiducial marks 410D and 410E, nay be spaced approximately six meters apart.
In other words, operation 404A may stretch web 406 to, for exanple, three
times the initial length of web 406. Operation 404B may read each fi duci al
mar k 410 SHAYASgaIsHr s dapnEomn wabrd5eBp deashignsas deviens 408 maypbtpinHatei duci al
mar ks 41 i . ) 3 i1 . anonmal y
Gat o, doft2sPoiisTyt PR AR RN RSOk GHECh PRI IR0, Bifdvorf

coor di nat4s4Byaieroad apereadidoposéidaBnfvayationkfenessh dffclutidemarks dfpBt @hist 0 st or e
the coll ected data according t he distinct coordinate systemand to
interfac én%ﬁ%maﬁ@r%q&‘s og 6%&%@?51 ETOSHEP A¢ @%W%%SH%&@ epdetignlert new
flduci al Bk cAPkar? BORE Ly RALAGER IR Shdiel BpedRsd s PRI SolciGRAL al i on
404A in accordance wth the nethod discussed, e.g., wth respect to FIG
15. Subseguguter pndordaassd Mistomosil aftlilarntt ynfpmetes sniebind@tice withch may

i nvol ve mani pul ating th i ze, shape, or other dinensions of web 406.
Likemﬁsef”Bﬁ%WﬁPF ﬁ@uﬁbggiay read fiducial marks 410 and record positions
correspongong|t 8 thirdHetidld oMBbiifd RcadPer@t da@Sn @ tBahleesradithd tdhgort he
operation, if any. [00185] Once web 406 is finished, i.e. once operations
404 have thatris sarp@élepwf@ws@ mghewetossid, diepaady sMeassiserpent eystaodStapl Efat i al |y

synchronigze data fr,0 erations Fpr. ex l e, an I uter 408
ay scal &8 BT PR BR R A0 Rl AR SR e RS0 ol i o
to the nmeEhélgcesdidelss sREks 400, Opdrdtidonrsapeasdy peRforin@ro&Asing Bn aRBUBLC and

enbodi nent, each of operations 404 subsequent to operation 404A may receive
t he coor dn#iagahddatagneastresisat aatp HRMYYARd Paver HiRfioncwéenrath g o t he
coor di nat: Ll ar J A8 i respect
fo FiG  ai it obFak i meShiortle 4 Rl IEs. 108 L AL ARt it |

conver si apecaoinh 64 C ph ez caasswrblditgetion. tAveuasqatosahdybesymotor oniazexdk dét a.

Anal ysi s conputer 408 anal yze the spatially synchronized data to

det ect, f@Fra&QHﬁﬁﬁé’,aﬁ%ﬁ‘sﬁ%@glyd% 1%ed atfachmentp airpQMIRE Capic. RERVBEC n or der

to deter mhagspar énialﬂlil?g Qhs a4 40 Bat Qs LA KRN A QoXFED QHSctRIOYUGIE 4650

exanple, a particular customer may require extremely narrow ranges of
vari at i omméyobtanenasueoicet @da tni thelbassvadht dirdotioe svhfloweh 402€ maveh ar thpr oduct ,

whi | dj ff t t i d f. iati. J h
attr1 but GO RO BT 6% g e s e e ol 1 SOt Gieb ao6
fal'l intaoyddusad. Qﬁké\yis@,wfa@ibh @g4¢C aNGac antet S ipaLitian ¢hro@hfiof foeedchat

t hose portions of web 406 may be delivered to the first custoner, while
porti ons affiduels! makstifE. Snsragion HidAB iy ahicdiaelude n gemphteyard/endatabasmly be

delivered,to,t c cust. 1 Anal ysi t 08 may

det er i n@ RAHAEXRERENRFHRYERRLY  RREC AR SoF PIREY S ED 508, any of
oper at i or90¥¥4 PEsh dfvhe@doeet PNANRbd suplothto @B data NBgdficiliRLaeh ef ect s,
into web 406. Analysis conputer 408 may search for anomalies and attenpt to
det er mi NEORKHILRB COMRBICHAT et DAWAIBIEP| Es GRIVErsiQ coEnydd 8P nayeierei cul ar
products. i i - r { l.e.not
necessariagpﬁéﬁggﬁg&gq%%#gﬁ%H?ﬁmgﬁﬁgﬁgﬁ?%ﬁ%ﬁgﬁgﬁﬂggﬂﬁkg% ggﬁép?%%%g?er 408
may use tdongpositd mapraThocorheosite heipmayebannicd o peattiacoavatiomebntddplahfoul d be
used for creating, which products. 1001881 I%hough escribed primarily with
r espect tcaea@@ﬁ@r%uwrfow%%awweﬁs B8 Pi SAT SR mMo R SRSIHE Y on
(i.e., adauiald-PBritt AMBPEHNol RhAGYSEcBRbstORYr Rhy RBYnA8brdfcA def ect,
depending on its characteristics and severity), the techniques may be

appl i ed toonfhefer toistindandathap ate SPsericti Eonversys temputeett oty peyasrthe dite
internediate functio of, coll ecti. anponaly. i pf Qrmati op _about potenti al

def ect s AR ABPRYTHG Ao FERPIE RICEPT R F* Hadl D oBRudiS s fidtead, t he
syst em mayanderiemhdt®sighste pRAuLSIHom MR pdrEbn Rt aft firldedudtotdr 8ehil Yprod s 89]

Mor eover, al though described with respect to inmaging for anonaly/defect

det ect i orfrasy ethepportignyolgthe avehandyesa dvglgn@tad@rrthﬁysmngg@sdomm h the techniques
as described herein. For exanple, data may be gathered usi ng X-Rays, beta
gauges, physical contact sensors, spectral gauges, capacitance gauges,
interferonetric sensors, haze neasures, three-dinensional (3D) surface
profilers, ultrasound, or digital imaging. The data gathered may be, for
exanpl e, images of the web, thickness 6§ the web, weight of the web,
tensi on of the web, opacity of the web, surface roughness of the web,
conductivity of the web, or pressure of the web. [00190] FIG 21 is a block
diagramillustrating an alternative enbodi mrent of the techni ques descri bed
herein as applied to a systemfor collecting nmeasurenment data froma web.
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anal ysis across nultiple processes. As opposed to the use of anonmaly data,
attribute data, e.g. thickness data, nmay describe an attribute, i.e. a
char act erwetb@/usiBeat ure, of the web, rather than idenPcigisegsoedsexti ve or
potentially defective regions of the web. 1001931 A neasurenent system nay
al so, as another exanple, obtain data regarding the web indirectly. For
exanpl e, a neasurenent system may acq[ui re tenperature data from an oven

¥

near the RBB8IWFkhadtis mewebisakicpigsentationtaf\dateeathersdigom oppatiansid® of the web
itself I—%v , r ] i ] r i
tenperature’ gén@%ﬁ%@%?@?@tg a%lﬁ:"gﬁ %{%}s{ ag?n%? %E&Itv\rg%&?r%? elﬁ}i' gp]oggﬂlgr pr oduct
i s manuf atatamogdisftioamdthedswedeh ditigiointontdparadlyrimytudes agphgpiailiXabr crossweb

synchroni zatj on petween t{;e web material and physi cal rrecgg\ gr.?mant dat a t hat
can be ad¥sirBtdd PBEOWBRSK [BP%E%?@Q atr%eaémﬁflﬁﬂt YERe of | % et cur acy.
Tenper at uhendfk ar c{ Ao SRR Gren Y vQﬁe@@aﬁél@“éﬁEh%n&%&fthihe' bYrOfRESEs such
as anneal 1 ng. 1001941 Measurenent data I's generally acquired for web

pr ocessesghiongb e wt of hdeaalerahpl Hhat ineomerson QreputypS0aff Hea2 Usmmely system

i nvol ves a single point sensaor acquiring data gt stationar Lot in the
cr ossvieb SPHPRASEY B wE e aBER S PPe S ((OuvasottiakdmeYor
such a meastHIR®AthroNiSE ﬁf@&%coﬁﬁ%@ﬁ&%Qﬁ%@ﬁh@%d&ﬁscﬁ@%&vﬂﬂﬂ_ operation
454A that "includes stationary sensor 456. Wb 452A includes fiducial marks
470A. Qpersperion FA64R.may perform processi ng on web 452A and may gat her
data, su asurenent dat fromweb 452A and record a position for
cach” uni A0 VETET Smi R s PP AR BB R aPRT 48R.
record asgaiditiof opafihéRtenht @aakpeafion dathEioad provdsks 4A0Aor Segse, 456 of
operation 454A may obtain neasurenent data for a plurality of downweb, i.e.
machi ne diefleet PropcssgraEittmanhrerfasm Pre¢asipePbias glcasyremeitlatan andlpiahisiap

dat o for PESTAAPRLERER | ut i O T ete B R0 s R ey T BT S o0

and/ or dahakasS€8’ao $1459%6” klowal inalf 3. 2D uTaisi vidbosepmichtonayfict tnddrgd er f ace wit h
conversi on conputer 480. 195] A second net ho f obt ai ni. ng, measur enent
data i v GTORSSI b8 Eon 4528;1%%?%9%?6(@@@8%08 P4t BRI os

posi ti onqg,&4tdau aichsy %&fé?été ARg 494 QB WERNAMBAS !r'ég@c{il?ﬁ%,%}!iﬁ 8Ms8prB of FIG

21 includes web 452B and operation 454B,” whi ch includes t stationary
measur enmedperagen 4548 Me0gent608d{th HEawresntlingay ircgens4d0; Jsingkdneors 460.

enbodi nents na any nunber, of asur enment devi.ce Web 452B i pcl udes
T duct ar DerRDhADR AR eMie 47D oy HER M s R AL PRpe SRE B 6528 and
may gat hgqooziy aCoskedioSoMRASUDTERA o aih datal (6 @MdvR AS2E, 4 S RAEBNGS

devi ces 460 may obtain data for respective regions 462A-462 Olg_"regl ons
462") of apetptioB®4 askspetidly sysplapaizp thy dpsumingirdyceal anasksd 1L oFidupiaki t i on

i nformati ch i duci rks. 47 IS . ovi de for
b 4 £ ar T h S B B e R TR kP Ruqo P BafURt PSSl G i@l Brisnt
data at tdiguescgevigerediectidl RIGORB, SEASPbSposiHa-atjiaed BB ofdiNatakgderh BEI ude a
conput er and/or database to store |ocal attribute information and to

i nt er f aceONgiof RPYBAASBos Eerpstadaritiysepcct tpofles BAA Alyss ¢RERMGY B3 F8R ai ni ng
neasur e | I : i r 1S | e..0f
roui g R LRGN BN ERblFeddffin Pihe o RLAR fark BARHon iBlird ol PR o

i ncl udes togbnets2 CompdsitepettdtitcanapddDC, Cartviesslion conhpntkerst 86 emyarendate. Web 452C

i ncl udes fiduci al s 470C. erati 45 y perform processi on web
452C and SREPOYHt %ﬁ%gﬁ%a%é%ﬂ%@ﬁ% ofidia 4?%0&%@@1 ﬁ%ms%&es Y4esh a3

oper at i onydRAGn FRY, 3N didersinldofpatcs 4R dﬁgqﬁ@%ﬁmsﬂ% ABribRE A D 465, that
enabl es sensor 464 to traverse operation 454C in the crossweb direction.
Act uat or gt&E: oreprtitlec welrptatariabquadity atzmly pbfysiogdectivonf #E4Ch. Lehpaditeg
assenbly, a.fjxed ach t to vi.ng cable, o y ot.her ans, for
enabl | ny LERus IR SRt f SRiny RoF rEe Pl e MR sensor
464 may obfriduies ARSI RER AbsiALY gaitidu® castomemeb direction while web 452C
noves in the dowmweb direction which results in a zigzag pattern of data
hoqui si tilBA201] Vrigusgriediamios! e nveBan haveibens Secribshr Bisomisha may T ead
and recor 1L [ ti h.of fiducial marks 470C. Operation
454B may A ﬂé@%’%ﬁﬁ%&ﬁggég%psﬁ Qeréfg[h% Oggwélia)%g fggsé to store local attribute
information and to interface with conversion conputer 480. 100197] Each of
operations 454 may be coupled to a renote data storage facility, such as
conversion conputer 480 as shown in Fl& 21. Conversion conputer 480 may
retrieve data fromeach of operations 454 and spatially synchroni ze the
data in order to produce a conposite map. The conposite map nay be used to
create a conversion control plan for creating products for various
custoners froma web. For exanple, a first custonmer may require very strict
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[ 00201] Various enbodi ments of the invention have been descri bed.

~ These and ot her enbodi ments are within the scope of the follow ng
clainms. CLAIMS: 1. A nethod conprising: applying at | east one set
of fiducial marks to a web; performing a first operation on the web;
generating a first set of digital information for the first operation
I n accordance with a first coordinate systemused by the first
operation usigthpﬁFat | east one set of fiducial marks, wherein the
first set of al”"informati on includes position data for a first
set of regions on the web; perform ng a second operation on the web;
generating a second set of digital information for the second
operationli n a¢EEHPLFEEPHSPE a second coordi nate system used by the

second oper at i Qf1vt A %eabithedtt dr9RBLIAOASKS &) a Qb | duci al marks,
wherein the second set of digital information includes position data

for a second setfoghingeadirgrepedtion hethgersd; regi stering the
position data e Il . realons and t osj:tion data for
t he second seﬁ%g?%gggé§%€&¥§?%$ggdéﬁggéﬁwg§b§§ ﬁ%@g?ﬁgﬁanumcmdmme

out put t i ngitida Giesd vesréinar sgaahusdd Rt e fikw opattidolsigahy e7184s0Bnddet bhe web
toa plu rf?Adc}a ln%I‘kSP \Efgg'léli%tt e u%ts ge? 0 (ri]iglttg%nf%%ggt?o%ai}w u eastp%éition data for a first
set of regions on the web;
performing a second operation on the web;
generating a second set of digital information for the second operation in
accordance with a second coordinate system used by the second operation using the at
least one set of fiducial marks, wherein the second set of digital information includes
position data for a second set of regions on the web;
registering the position data of the first set of regions and the position data for the
second set of regions to produce aggregate data; and

outputting a conversion control plan to control conversion of the web to a

plurality of products based on the aggregate data.

2. The method of claim 1, wherein generating comprises generating digital
information using at least one of an X-Ray, an ultrasound, an ultraviolet (UV) camera, a
UV sensor, an infrared (IR) camera, an IR sensor, a machine vision system, a beta gauge,
a physical contact sensor, an ultrasound, a spectral gauge, a spectral camera, a
capacitance gauge, an interferometric sensor, a haze measure, a three-dimensional (3D)

surface profiler, or a digital imaging device.

3. The method of claim 1, wherein generating comprises generating digital
information regarding at least one of thickness, weight, tension, opacity, surface
roughness, conductivity, UV images, UV readings, IR images, IR readings, optical
uniformity, structural uniformity, capacitance, haze, flatness, color, birefringence,

polarization, pressure variations, pressure drop, 3D profile, or pressure of the web.
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2. The nethod of claim1l1, wherein generating conprises generating
~digital information using at |east one of an X-Ray, an ultrasound, an
ultraviolet (UV) canera, a WV sensor, an infrared (IR) canera, an IR
sensor, a nmachine vision system a beta gauge, a physical contact
sensor, an ultrasound, a spectral gauge, a spectral canera, a

capaci tance gauge, an interferonetric sensor, a haze neasure, a

t hr ee- di mensi : : I : 1.Qi . iggg!. devi ce.
3. The ngfhod0§?h3%§§%$§#&&ﬂgSg?ﬁggﬁﬁgﬁg?gE%ﬂggﬁg F%%giﬁené%gting

di gi tal iinfamaten fonaseghrmimgoaespbadisg tconghysicak lncation@gshe wel.ght |
tensi on, opacity, surface roughness, conductivity, UV images, W
readi ngs, IR images, IR readings, optical uniformty, structural

uni formty, capachétBeCer cliiazk whetetd fERfating 0b@prised it 4tinaGsiee,

pol ari zat | ?n, grﬁégure varj ations, pressure dr_oP, 3D profile, or
pressur e BOTHRAORES an arrgy ofmpinthethiserdn BEPECLNS BBt affhsrasray ofepdisat i ng
COMPI | SES.3RY5HAt RpCgL bRsidaoBkBAL bR i 8 STngl e _poi nt
corresponding to a physical” location on the web. 5. The method of
claim11l, wherein generating conprises generating digital information

for an aryay I erein respective points of the array of
poi nts_acir espiBod et ol BRELE SRR MsR Bl R AU 6

The met ho@f@hatbdmairomihe whet@top @RIGRY 1@ldst ¢hat ARPEtIBE RN SR BE thtvdby
digital information fromthe web corresponding to |l ess than the
entire length of the web. 7. The nethod of claim11, wherein

regi stering CONRITh&RSY 6 @Ak I MRrenPfLRRAPRARISNEAsRSIABEEa Lo FesPORIchiON
data for the first set of regions on the web and the position data
for the shatwemh theposgionrdagy fonthedisttshieofwegionseqpethelimel and deomreitos dgadnt
of the weh, T h f ai.m wherein rform.ng the first
oper ati on s WS AR SamlesFaiPieBirting 280D BE TR ne b
conprises performng the first operation and perform ng the second
operation_on sing|e nuf actyring |ine, . .The nethod of c]aim8,
wher ei n p%rfo?merﬂj L%O Gl L Siherest pester ingdg? FIEY APiEF e Beeghand
oper at i ONySRMRHEIRSsREEd Yelifdd 0dMORES &rhBe! PatorfRIY R R 8Ferhilf AEAD
so as to require spatial registration of the position data.” 10. The
met hod of pesformingghe scherdonsraponfosaringe npafayeinglingn t hat nmani pul at es
the web so as to require spatial registration of the position data
conprises stretching the web in at |east one axis. 11. The nethod of
claim 1, %her €ilre mehddoinlaig & éhefein sdrfcomarcahe Arst opapidnse pedemiiog dieng
the first operation on a.first. manufacturjng |ine. and wgerein

per f or m ny© ’H’re"l’§l§‘6‘8ﬂ8°‘85%5reéPFr HIERnt ?@é@‘oﬁg?ﬁt&"’r‘ﬁl’r‘f Tgstae WER Bnep to
oper at i OneQfirspaff QBdstOH batleposingn Hatne di fferent than the first
manuf acturing i ne.

10.  The method of claim 9, wherein performing the operation that manipulates the

web s0 as to require spatial registration of the position data comprises stretching the web

in at least one axis.

11.  The method of claim 1, wherein performing the first operation comprises
performing the first operation on a first manufacturing line and wherein performing the
second operation comprises performing the second operation on a second manufacturing

line different than the first manufacturing line.
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'12. The method of claim 1, wherein generating digital information
conprises generating anomaly i-nformation for the web. 13. The net hod

of claim 12, further conprising processing the digital
information fromthe first operation to produce |ocal anomaly data
for the first operation; processing the digital information

fromthe second operation to produce |ocal anomaly data for the

second opgs at i Pk m&A&H of claim T, 9HeRd € bddehiihBAidiACRkorARRRE omtaLa for
the first operation and the second oOperation to produce aggregate

anomal y i gemerating pandly indewwmidafodheuveth t he aggregate data. 14. The
met hod of claim 13, further conprising analyzing at | east a portion
of the aggregate anonmaly information to determ ne which of the
anomal i es13. eprEsantthadoladinde, éatler tompdngreb. 15, The net hod of

claim1, further canprisjng, processing at | east one of the first set
of digital infRPsrERIRGHe gl?ﬂh@lf@%ﬂlafrg@tthsﬁrsapgﬁrf%ﬂn o prsRatocdn to

produce | gpdlalf@hietdr ndatd Peftieh! y fromthe at |east one of the first
set of digital” information'or the second set of digital information.

16. The net hodrro¢esghailmdigital infermation Gnprthe pargndipprrgtiongo arpdadidiotdlonal
set of f'a%%&'a?yhda@fo%%e&s%c&nr&eoggﬁgﬁwa%%at | east one of the first

operation or e second oper A system conprising : a first
process confi gugiedrihgtlpdsdabinuonsaly tats foralefiat opeation add Wekecond operation

to produce aggregate anomaly information in accordance with the aggregate data.

14, The method of claim 13, further comprising analyzing at least a portion of the
aggregate anomaly information to determine which of the anomalies represent actual

defects in the web.

15. The method of claim 1, further comprising processing at least one of the first set
of digital information or the second set of digital information to produce local defect data
directly from the at least one of the first set of digital information or the second set of

digital information.

16. The method of claim 1, further comprising applying an additional set of fiducial

marks to the web with at least one of the first operation or the second operation.

17. A system comprising :

a first process configured to perform a first operation on a web;

a second process configured to perform a second operation on the web;

a first data gathering device positioned within the first operation, wherein the first
data gathering device is configured to sequentially retrieve digital information from a first

portion of the web to provide a first set of digital information;
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‘a second process configured to performa second operation on the web; '

a first data gathering device positioned within the first operation,
wherein the first data gathering device is configured to sequentially
retrieve digital information froma first portion of the web to
provide a first set of digital information; a second data

gat hering device positioned within the second operation, wherein the

second data gaj ebdd\deMh&Rie ld%vﬁepégmfee%m &ega,-t%g& bﬁéﬂaﬁoﬁ géeglve

digital information froma second portion of the web to provi

second sethe efcotd datr ghthplmﬁg)dqrmeu@mnﬁgm ed to sequintslly cetripya digita) ambingatioed
to procesg the first L, nfor uce | ocal data
for Tt he. rrbASersm 3o oLt VreoBatG SEPRLdr bR ERHRRions fon 1o
produce | ocal adﬁﬁsacd&wutérhenﬁgﬁand eeesatht fist sevgdiiinal hiemaosado dat a
for the first qperati the | ocal data for the second operation

i ncl udes HodREilen! gafe & rftleﬁ eh@o%%tloﬁeﬂéiwé@%m%ﬂ digiel wdpymationto 5

second ¢ Oélﬁkﬁﬁc%rlo&@ Bith G Esdcond ﬁ&ka‘%ﬁoﬁ r wEéi‘%nﬁﬁ’él'oEélQiQta%t e @i‘i st bg&aﬁ&ﬁ al

data for first operation and the position data of the dat a
for the sadchellooflalagt foothetsecopd oderseormiggiudesatositidatdata fanahe or moxe gegions
conver si on eledus [)ol system configured to anal yze at | east a portion of
t he aggregatt ata and out put a conversion control plan to control
conver si ondof 4 mowmlﬁmta cp;hf&gwéc:c fb)tegiitelﬂheﬁmmﬁcﬁl dlﬁﬁ@ﬁlﬁ@[i)fcﬁih&ta for the
aggregate_dat a. system of claim 17 erein the first
process 8| Reiation A tf& PosHier OffaRGihedeeH g forithresesprel ReErtion dppggduce
process igoloeRlat; ¢y a second manufacturing line. 19. The system of
claim 17, Wherein at |east one of the first data gathering device or
the second datacagaesionicagirdeysten cp@ﬁmﬁm@mi@!@b atdeasta p@l‘eveotﬂtihgl t al

| nf or mat | z?g%recgg{ercv@i\; pa%ﬁ% p{%h«% 9?118‘\’%%%011 dofifod o plan {') coV\f':r‘cl))l conver518n P? thE Yk huce

claim19, conf o pro
| ocal anqﬂa&a}&t}dﬁtpaodmrsuam cfmthshg,gnmteedata)n and t he second operati on,

18.  The system of claim 17, wherein the first process is located on a first

manufacturing line and the second process is located on a second manufacturing line.

19.  The system of claim 17, wherein at least one of the first data gathering device or
the second data gathering device is configured to retrieve digital information

corresponding to anomalies of the web.

20.  The system of claim 19,

wherein the first computer is configured to produce local anomaly data for the
first operation and the second operation,

wherein the second computer is configured to register the local anomaly data for
the first operation and the local anomaly data for the second operation to produce
aggregate anomaly data, and

wherein the conversion control system 1s configured to analyze the aggregate
anomaly data to determine whether any of the anomaly data corresponds to a defect in the

web,
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.'wher ein the second ::orrput er is configured to register the |ocal
anomaly data for the first operation and the |ocal anomaly data for
the second operation to produce aggregate anomaly data, and

wherein the conversion control systemis configured to analyze the
aggregate anonaly data to determ ne whether any of the anonaly data
corresponds to a defect in the web. 21. The system of claim 17,
wherein aj, | eafte QhemQfr ol 1] Kfikrefil RadFBEF fh'%%f%rdafam%ﬂéﬂﬁg’&dthgat a
gathering device rs configured to retrieve digit I nfor mat T on
directly mmncbdapogmdlnafrglgtdQWdefsemnﬁgloﬁd tohretrieed digit2i2infoTneti®yditeetty of
claim17, whereln feaR§ f the first data gathering or the
second da?ogeé%otnﬁg‘rgl ?1868% eweﬁprl ses at |east one of an X-Ray, an
ultrasound, an ultraviolet (UV) canera, a WV sensor, an infrared (IR
canera, an IR sensor, a machine vision system a beta gauge, a

physi cal #ont abie YER¥H clogn 14 Wh@g?@ﬁ&aswng fE@Frﬁé’Pt d@%@ﬂleﬂgo gpdet r al
Camer A, acEaRAThd AMEEIG AR L 8IERE BRBLH dnCx F8) SAultfsollAF &
nmeasur e, three-di men: |onafc 3B sur%ace proa?”f 9 ora di gﬁ?tgl

i magi ng dlduamelet (I2Q). catnecn pLEY sem@m eontfraodd (i&baaama;@mbRissisngalmchme
e A 2 8 B RS L sl S amen
col l ecti n@e&%lb@xﬁerasﬁﬁfplaﬁtﬁﬁe pulob, aa ihfeffBlonfRbCRESor] Niddze PRAEGE, MBihRe-
first operatiaon on material .and a second data col | ecti ng
devi ce asfélm@ilsawé(w)twfaces@e@w o pdidekinagine d¥icfor ns a second
operation on the web of material, wherein each of the first and
second processes generates digital information including position
data for 2. setAcbnwewg@mtrohsnswelmmusmo a conputer configured to
e e e BB ARl LSRR i ge, ot Proeess
conver si on condnriglerfegtgiondgaod td gusieelocsl appirom b iestiata cofledtinasvice t he
aggregate data to, deternine ich regiopns of the web conformto
various qipaRqiatga With & fisstprrcess BRUPCHPIRYA Hist pRcsfinRias a welyo! nygrial and a

Conter 1 AT LIBUTET s LB, By s piS  Ghcan

product safestichon ﬂpﬁ’a‘w%in@ﬁleatelfl@r whexein eoth of the Grshpid secofd lpﬂ@ﬂmt s,

wherei n the convers] 88, 60LY lenal NeREleaYS: P0ecPL NS PEAIR S for
a computer configured to register the position data of the local data for the first

process and the second process to produce aggregate data; and
a conversion control engine configured to apply the set of rules to the aggregate
data to determine which regions of the web conform to various quality levels for a

plurality of products.

24, The conversion control system of claim 23, wherein the conversion control engine
applies the rules to determine a value for at least one product selection parameter for each
of a plurality of products, wherein the conversion control engine selects one of the

products for conversion of the web based on the determined values.
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