METHOD AND SYSTEM FOR AUTOVATED | NSPECTI ON OF WEB

MATERI ALS TECHNI CAL FI ELD [ 0001] The present invention
w0 edoaess1g 0 aut omat ed i nspection of systens, apdI/IB2068/066513

particularly, to inspection of continuously noving

webs. BACKGROUND [0002] I nspection systens for the

analgsi o P SFENRR AL A PER R BE I o WEES?!

ern nanu urlng\{I EﬁRa I ONS rles as

varled as et al fabrlc ABRRIAbSper, nonwovens, and

films rely on these inspection systens for both

product certificatio ] pracess nonitoring.

One mmj or difficultynrﬁegﬂgﬂi%gggai§)is related to the
[0(]%91] ﬁ%@?ké&erﬁhﬁ%mﬁ@ﬁ felRESLERSI M AlPStbR Y Ws@&nsi ankBRR:

current manufacturing processes. webs of

palél@nhélyctpampyctmrmf contipuiublyanevingbcBpeeds that are

typically used and pixel resolution that is typically

needed, data acquisition speeds of tens or even

hundreds of negabytes per second are required of the

i nspection systens. It]?%chg%gppﬂﬁal chal l enge to

process i mages and Eerforn1accupate defect detection
[0002] disesetiagany stemafershe EH@F@}ZHBi Oﬁ modgweb @mtem@ébhmm@@@ crltlcal to
mo\%alitﬁr];lgrg t %rtlb]{ilr% ?}ﬁ e%rtlaotn{sg dtuls I‘lﬁ% asgxgat%lrg pul al%&%? np%n éaaper non-
wovkig bd filhd reBf oMkt & ingdectol bydeenhd fBr BdStﬁ ucO8ertifi@dtion and

exanpl e, certain conplex web- based products, such as
onFeRPBESS MANFtEing s Ongriypiar difliicply istheridstag isrelpfcgdde the extremely

S

hlggl $itd ‘F‘séeesg@ ét@sc{( g{dr 0%@% ﬁf; llv&?% Crlilgl‘\éﬁtr rp%ﬁlﬁ?&%'ﬁg&oé?ésses With
weps oﬁlctﬁhmamlallhymlawldih b webtpqely giacade tﬁpltailgl uskd atihpisel

rcunst ances, |cal to collect the web into a
reSPLWIPn At éy typigatly 5?%18@»5% ARGUSHiop Sprels OIS fpgen hundredS of
e%hlg}ttgsr ﬁerﬂtseéoﬂa 3hd 1%2 Mhe(‘;feché {nsb&tlbﬂ &lstéhs. oit Ilseéjcontmual challenge to
rocessed, and in collected into a rol ach
prqmessae@gemayi penﬁorrodumﬂatn elafcandatedtioe sit thaseodaaa mets whi ch
or cause the b to be.def ec .
10dEY b, bt maretbns ShetsidiieE trepBins BRregromplicated
w1ﬁ>&%ﬁl'tlg L@lﬁ'tQ{?fa'tl%ﬁs Qélﬁg& b&%ﬁned'ofn a@lg 1& FRPSShikGal during its
SUMVARY [ 00 I n general, techni ues are descri bed ,
pradyetiorh el qwmkee@ﬁrtansmplmwebfoa \prﬂ@% bach avtﬂeélble circuits,
maaﬁ?iur{ g%elngr rert}n Slﬁgmst 14 %‘teur? Et%?aé IS% ﬁverll ¥ &urse of days
or G@HbY ¢uRb lcxm:nalfhhamg lIypld r’pfrc&tiu@ﬁbrh ﬁﬁéseaﬂ diffr@t ghodital €. In these
productign of aweb. That is, the techni ques provide
cirpyypstangas.dbiatynisal fegellect theiveh B9t rodmbieneach droGsss 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



anomaly data coll ected throughout nultiple unit

operations being perforned on a roll of naterial
walerovngsig s producti on, even though producti onPEEYS2008/066513

require use of multiple production Iines over an

extended period of tine at different physical sites.

0005]. For exanpl e, durln% each nanufacturlng process

wepodhatis, thﬁsE?Ch@ﬁ%eScﬂiné? borithessatiel rggisygtiansang capbinatign of
onRTELG HILSEITRL QRol bR JEnalRBpL BERE L G o ot o

maitarfab durdd onpradactioar émwh&ghrmbdmlnmmyea@meme bﬁmultlple

e j.nformation ut .a ons. of the
procdiRRa i SohaT B perid] o e PGh Teb oA s
¢ t
[ﬂ(glrgg fgiiﬁla&fﬁ)tle %'uffh% gécrlrlurlﬁ?t?{f%érﬂ%&?t;gsgﬁgersg g(ﬁj Ct%l;@ gzre]ﬁ oon%%? Bhore
1nsm10ntsh$r:mbyccgmleveilnamakygnfommahomfm iohecd vyeb N lor imsgecicton §ystems may

f t h act
S e T S s R R
exMAMh@MS T8 %ﬁbfrﬂﬁloﬁré%@tsaﬁﬁsreélﬁﬁs $MiBe WRY icBftaM@l: dMYnalSs is
conmuni cated to a system where the anomaly

storénif for mdse@ient propsssing. @urflﬂ@rtwhmcnm@ e@s?@ehed @ireach]eromﬂ@ within
the ﬁéqroéégg‘iaro;%l&lci onr Q %v%{)et ere %nerarcﬁ ocal a orgglgtnllfv %natlon for

1 on ronwt processe

eadhebfam @aﬁ@fa&uﬁﬂg pmessbdjeea@t@ga] i es from the different
manuf act ur i ng rocesses have spatl al rel evance with
[0004¢ Hhe ppipa b’én Fadinneongigtpdeysing theayisioas Produstermpresasses for

theftﬁ{;%lh?m c%%unﬂlﬁed t‘?)cafa%/st%ﬁlo&glbye tﬂ@'é I{‘Ml or eﬁ-gat% from

turlng process can
ther dafforeat 1bredes\$¢stfbr thewlob caa daispechlls nregmbgedd a’lhat iS Lthdﬂ rdshadtive

posi tions. of al nomal i es det ect ed st ages
an%?flﬁwélbts OHPY SR % RE %W&W?e“&nz’ﬁ aljspcat w fhraﬁéhe anomalies
frog‘ﬂi@ dﬁ@&éﬁgﬁéﬁ@actmgepré&emﬁtaw @ﬁaﬁgl R| MNP LBBIRE to
applied to the aggregate anomaly information to

prajist@r‘aggr@awﬁym@maluahfomaw @rﬂmb on a vari ety of

10d3E 8% Fisal o250 e Bindle R Fich rou B NileRuneqedt oTa Wb can be

stofddOAIdirbEUIBilEPwith BeRBH QIR EarMIRtMa dadhathhtGh & héditisQIF 11

generate a conversion plan for a web roll. That is,
anqrhdlics datpetediabill slagrsrad |Webw§@@sfsln&9ars@ aelyzad eonlatar imsn Once

ag%e%ﬂ ﬁ{drggﬂ%@% Fec { %?1 éag(n)o%z gﬁgd tﬁg g%%%gag %x{hgnaly

infbfifat®ANY dtteimine apn hétodl (&?&tsemsdf@dn bearlety of factors. For example, a
appl.ication-specific, i.e., specific to different
COIch?fSé‘Pﬁ Fogitrop ?B@Eﬁ% gy Stlbseﬁ%vw@pmnem Spug defgctgietection

H{Hnligatjo thid éég %nﬁfl &eﬂﬁ td’\@lﬁnfafgl %ﬁﬁg a QQnJe?ﬁon {)lan for a

aggregate a e convers on contr ol SYyS
webayll.c Ghatus) |t1um¢omvtﬂ310$1 caggoleyatem mapsmatoy aicnhramrsran plan hanidg
degine% nqsotpuvc(talggsl f%r pP lcgsnsn}gothg nvveeb %ll n?{lee dgfgcr]c\éi%{e%{lgr{] alsgo}u%rns applied
by the conversion control system may be application-specific, i.e., specific to different
potential products, to provide for increased or optimal utilization of the web roll based on
the aggregate anomaly data. The conversion control system may communicate this
aggregate anomaly information and the conversion plan to one or more conversion sites

for producing products from the web.



for producing products fromthe web.[0008] The use of

spatially registered anomaly information that spans
woreloviopdses manuf act uri ng processes for a singl ePGEDSI008/066513

provi de many advantages, such as significantly

enhanced process quality analysis and control,

defective product contajnnent, increased utilization

[0098] e usgeef, spridal cisaisteaask anomadyt nferemation 814 8Daep MM HIE ¢
; t
BB RS AT BRI AR Ll QO0S P
sigofficdefl yeethaposl firocms qiletlhy andly<2s amd (tdnlirolJ @bfwtlvd ﬂSIGdlecnt ire
roducti.on pr ot her ex

colfSeepi @%%SF@@@@%%W %@2&%%@3&@?%@ indatieh evente or profi and
a Vggg?/%ggh%g otefiidl bBgPre, the gathered data may prove

use ptimzing parts conbined fromdifferent
[009¢ Fat example, it maphe ppsdlbe passibicgistretiaueiodeitdt paditign within

eject d e .part en if the defect i . .
-3 g Fep i SoREe SRR S P Brostiusc ™ BUTG xmplgyfsmay be possible
to RIGRERF WRALby-ENBe F@Bt Liplosesd] FBRAGFhOFA tige dg’&@ﬁé’ﬂétﬂdata may

conprising applying at | east one set of fiducial marks

prave uactukly, oppiatiziog mtmgcoantpn@dr apmrdyfferniomeraionsnk nesy alyecbe
poé"ﬁ?é toge%eurt]oenrngﬁc [‘? ré" ect de?etctlxsf’ee rPs evgn gflthg defl]ccp[flg G ttec‘?ar‘ﬁ)lef Althe

a i'n accordance W't
finglggbdiidhat e systemusing the at |east one set of

fiducial marks, wherein the first set of digital
(0010 & pirg srabedimenty, the dnysaip isofiregiaddo p srethoc qangrisingrapghying at
leag e%@ts fq{hutch ¥R 10 4 gétjf&guﬁ% ﬁﬁ)ﬁg 3?5 Lidhls g)htt%l web,

orrra ion for a second operati I'n a cor ance wt

gera:rstﬁlgoa’lﬂrst:m ot dngahlanﬁymhm fos iarfgrsttdperagion ireasbrdanec wéh a first

of . fiducial mar wherein t second set. of. digjtal
COQTA3 RPN THG aafelgasgag? {sqt(??%&g 13l magrks.avhiereig the éfét sy pf

dlgtiﬁgin@(ﬁﬁlaﬁan H&ﬁldé@ Bosifi&iOlth ?d’r'arfgrsﬁ ReoPRsioht 8A AL, %Eneratlng a
first set of regions and the positiron data for “the

secwed setdfslegitabinforagitiongort aﬁepomﬂ@meatwggn egatrdandatath aasedond

cofsBlice > BihoBii e ceRanf i ok Pitte Rerkp i Pepogond setof

digSth Bin€dPhiatieh Ublitis goﬁiuw ddth For aosfeccﬁfd(%‘é€§§1%§10h§' 8h tIRAGED,
performat | east one operation on a web, a pluralit

regafteréng the gasitien fatg ofibiftaschrfgrgionnanl e ppsition fta for the second
set%lf tﬁ’%&ﬂs t§ p deuBQ gég%%%a%‘ 8at% mﬁlo‘a’tﬂﬁt fr%(:apco%fve%{b% c%ﬁfrgl plan.

evi ce uen eves

[001r1] O ﬁlf&ith@@nfbbdﬁmaﬁ th@ﬁﬁfbnt&)rpl@ dirc@sd af a §}}S%n\/\ﬁlbhid€hg a plurality
provide digital i nf or mat i on, one or nore conputers to
of prosewesthatrach pgifenan ati lpgsh PRGPREHIANPIH Wala»@etﬂvr@efaq offlgtay

galfélg{l:% d ct:egéogllfﬁnéﬁp@ﬁlﬁh'ﬂ?é;ﬁ’l}lr g@%ied re{tfaﬁsl Ies a ?Qéhaofftﬂé data

oper ati ons It oﬁ or one

gatherimg)deafiafee geqnratidhy ttetre:vm&mgltalndfoamatnmtpfmmrat idastta portion of the

gl sters th : f05|t|on data of the |ocal data for e?ch
we ft pwén({ﬂ 15) 9rrngtlon one or more computers to process the digita
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.



operations to produce aggregate data. The system
further includes a conversion control systemthat
WQrabPrs$s at | east a portion of the aggregate PET/EHS2N$066513
that outputs a conversion control plan.[0012] In yet
anot her enbodi nent, the invention is directed to a
conversion control systemthat includes a database to
[002p ey ¢ anathgesnbediggent. thetingmtipy sedirected tp grcapyaggian geptrol system
thak ﬁfcﬁld‘é? a lth%@ése ngt@rJ ([a?&ﬂi&hﬁﬁ%g @ét!otfﬁul&{ aﬁ 'iI{tgr%c%% r%@fv% local
colTecting nmachi nes associat®d wth a’plurality o
datprfooes phsalithaf déteednt detafcol entmp; nhazhiics asseciafed vath oplucahity of

a web of terjal, wherein each of th rocesse :
Pros&tst ﬁ*@&%arggip&ff%{l ot KPS PRRPPERITTHN LHERG! LTI, Orhotrat gech of
the Iﬁ‘Bcc%se%%ten&fateﬁ ﬁ%itgpﬁlf&fhaﬁgﬁ iﬁﬁflﬁidnfpcféﬁmﬂ%a@i for RaL oef regions on

regi sters the position data of the |ocal attribut
thd wiétp rrvatmipoter fhat ragisecrp therpaisitioy defa afdlmuloadtattribntyg iplooonetss for

oS PR SRR A e Bt B eion,
and R GoR&Hi QO RroRbAdindthhappiEOMER IO D the af@bpitdhitgbpbi ch
regions of the web conformto various quality levels

infpigpatigngd detgrming vdichpicgwns pEthe vabrepformdo getiaus grabty leyas for a
[ nbodi nents of the invention are set forth in
pl@ﬂgggi lgr%}lbl%t%yi ng draw ngs and the description bel ow

[0003h&he HeratlyoRsne c@Ph@e kfmbodintbnadfand mgesiodf aré ke forth in the
invention will be apparent fromthe description and
ACEMEANYIGE dragraes snskihe HesceipaombelomeElthgrfeatnss [ Qboersy anhr
o B i Ao P B B AT RO P (Gl A A R A from
th ddis] "web" nmeans a sheet of material having a fixed
di mension in one direction and either a predeterm ned
or indetermnate length in the orthogonal direction;
[0016] "sequential " nmeapgpR#TI@NSi mage is formed by a
succession of single |ines, or areas of the web that

OS] E57 o335 s Gy R e L OBRTR s arncin

aref @ifihes enfotildwly one or nore digital val ues; [0018]
"def ect” means an undesirable occurrence in a product;
[04150 Topb™ mpdive Spectf magergbhnyiag 2 frxed dinaengion ia o Airggtigmand
it eﬁg%%qeg{;r&on |0t1rts1 C ear acatté(geflgﬁ lgg&t a%rg%§gl\l/%?ifnt%§t‘.ion[’ 0020]
[00T6] [seguintiad” mearattharmtimagd istfommsi or amtccomionfof amglerlpiek, or arcas

o 3 LA SR b TEP S LR TR EL 31 1Y
[0(AR] HPBOP means a picture clement 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;



[0021] "application-specific" nmeans defining
requi renents, e.g., grade |levels, based on the
WO piogltse8 use for the web; [0022] "yiel d" repreGEOSR0&066513
utilization of a web expressed in percentage of
material, unit nunber of products or sone ot her
manner ; 0023 "products” are the indjvidual sheets

10024 sbfoﬁi@‘ftér %ré dhaigdiyiduabshsendlsq refersuslioad compancatipduced from
\A%ibé p. él?) récec‘ gﬂ[ﬁg Whk of ﬁﬁl??or%fceﬁ'ﬂhgh%ﬁ’l[s%l& ﬁf L tei®hase screen; and

television screen
[002dp ﬁmwsfsmm” i$ thetpheccpy ey sicalty phtyisg € aleb ynte ptddung. a
web into products. BRI EF DESCRI PTI ON OF DRAW NGS
[0025] FIG 1 is a block diagramillustrating a gl oba

networ k envi r oBfgRF DESCRIPTIEN CRPRAVERGRON T ol

systen1contro|s conversion of web material. [0026]

[Od:ZrSrEF dé msﬁta%l koc%\if\%r%rlnalgﬁs%%atmlg luur% oba?}lil:t\r}/%{ka&\[vgr)ég% éflélhl%h a

com@rAomEdIeto] gy st asatidld etsiveRidn vadb axengll ary sequence
of Erocedures and inspections for a web. [0028] FIG 4
[0028] FHGi2 s adlockidizgiamnlleshating B pesaur iy teapiodynenipha web

b BGH and anal ysis system [0029] FIGS. 5A-5B are
nwﬁﬁaCElng ﬂ1 ustratlng exenpl ary fiducial marks. [0030]

[0(]2r713FI(6 3 is adlqikadiagremdfusamtiey enptanplaryi sdguinad ofiprokedures and
. reader. [0031] FIG 7 is a diagramillustrating a web
inspEdonp & @ueiyes it may undergo, including the |ater

[0028] PG UeLi amu@g‘traﬂsﬂvo%e Rl B A ARSde NGO IRE L S Ridfysis
anomalies. [0 GS. 8A and 8B are bl ock di agrans

syst¢rhust rat i ng the aggregatlon of data in accordance

ool B1GH s 1o B Al Som ik Sy gl il S
[0G30) W@r6a1'fs|a'jﬁctﬁﬂ%%fl&ﬁ@%&ﬁ%lhﬂnﬁdﬁc1aﬁlnW?l@reaHélO34] FIG 10

is a flowmhart illustrating the inspection steps of a
[0031bEES S is iaéagr{r0OibBirafng WEb and icaehrngsadtany undergo, including

the llatle%'I ﬁfnfoﬁ él}!rb%l ocf%g%vrag maﬁgsoaﬂl((‘il Illés%h{go& é)%Vlgl?st 81%0%1% iQer ed

ses I n

[003121) G@kﬁm and ma&] blEdkCalagrams $11@trﬁhﬁ>gf\mb aggreghtidmsdﬂdatai iAg
the steps for reconciljing the data.gmfhered froma

acoordangs (it tp cpppleBsaBbedmERts ek BieprdniausrBedrihehberein.
[odﬁg%?ﬁh 's(a:"ﬂojv&?bghﬁ 11‘1’115%?194“?% i éﬁ%{% 19{59%6 ating an

ary enbodl ment o witer.
[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.



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

WQO®39148 G 15 is a flowchart illustrating exeepsa098/066513
operations involved in application of fiducial marks
to a web.[0040] FIG 16 is a flowhart illustrating

operations involved in identifying spati al I%-
ing

|
[ﬂ@ﬁﬁﬁa is adloxychar Uhsstrigling ere 4y 0P eI HORIGGRYRAIY S i)
sp%quwﬁ&th%ﬂl%%u ?a(r:s‘ [P WeB M aterkdd (aﬂg)l;gﬂ:oluﬁnuﬁtﬁolé thaffufacturin

ating exe operations I nvolve
op¢ratieduci ng sear ch space of data associated with

BTGP S B MBS ) 5 ettt G S
sePMESHBPRF Da £§sgéi§ﬂeélwﬁﬁgfa¥§cule[r%?fbllf IG 19 is a

screenshot i1llustrating a conparison of data gathered
[0(F42p I G Hvol §8y-d8Bsse blionle diagfadB4listfati@g c29npls veebipegmints with

di agra hat depicts an exanple of an alternative

OVfériﬂQg aﬁg}aelg?ppl yi ng techni ques to spatially

[0GEBD &G i 2 & s@i@ér@hoﬁ@lﬁﬁra’#ﬁ&% dofipH§dh SFdadnQimdd fétadwo process
[0045] FIG 2 1 is a block diagramillustrating an

lingg.t er nat i ve enbodi ment of the techniques described

[0&%2%&@ RSis ?%P [ %‘ij a?rn %a% rsnr'%%%%rﬁ&ﬁ g%}l iggmatlve embodiment

surenen om a

fo@p@@hlg:tabhxﬁ@wse@ sputially @yhcafonﬁn%aﬁw SuahNds attéibatc@abhenslyl data.
fromvarious proceSS|n8 and/ or neasurlng operatlons

(05T RIS ivedtwakpiragonmiBodrafing pealtematiyeeipiodarendioh fredpshniques
dedchibbEhéBh a@gtgﬁit : ot? Qas'yst@&tf‘égé&leﬁﬁ r%{n%m?&ﬁe& dhfd fm;l ﬁfdveb

conversion c system 4 con S conversi on
[00ah6] &G a22 is Wyrephsqad edphéseathtion oftvabasommuhadita Igaﬂhgrerilfm‘mt sarlous
6A- 6N ("web manuf acturj ng pl ants 6") represent

pmr?ﬁ?ﬂﬁgaa&dﬁﬂrws‘érmge@’ef%% produce and ship web materi al

in the formof web rolls 7 between each other and ship
finished web rolls 10 to converting sites 8A-8N. Wb

manuf act uri ng pl anDETAHED DESRU'BMNCcal | vy
di stributed, and each of the web manufacturing plants

[0037y FiGCl 1sdeblockediagrafmitl@stratinp hatdbal hetg ot ﬁ@@@ﬁnﬂehm& which
(FIG 3). 530048] I n gener al, web rolls 7 may cont
CORMERIPTREANGHOb By SIREh 4 FARIERLS SPRVCFHEN plychmatsHigl. sMe@tspr:@fééally, web

L L AL B L D
sitarthitgpgodiet add slep twebmaté&xa np thefooh ofvebb natset bevsen each other and
shi;p r}lcnlislfllgg ’WeB l1'%115 10 to converting sites 8A—8N. Web manufacturing plants 6 may be
geographically distributed, and each of the web manufacturing plants may include one or
more manufacturing process lines (FIG. 3).

[0048] In general, web rolls 7 may contain manufactured web material that may be any
sheet-like material having a fixed dimension in one direction and either a predetermined or
indeterminate length in the orthogonal direction. Examples of web materials include, but
are not limited to, metals, paper, wovens, non-wovens, glass, polymeric films, flexible
circuits or combinations thercof. Metals may include such materials as steel or aluminum.
Wovens generally include various fabrics. Non-wovens include materials, such as paper,

filter media, or insulating material. Films include, for example, clear and opaque

polymeric films including laminates and coated films.



are not limted to, nmetals, paper, wovens, non-wovens,
gl ass, polyneric filnms, flexible circuits or

W@ vpionsts ons t hereof. Metals may include suchPCT/US2008/066513
materials as steel or alum num Wvens generally
i nclude various fabrics. Non-wovens include materi al s,
such as paper, filter_media, or insulating rmterl al .

[00:49j J\%ondﬁaqm@mf%we @xamied weblrelt 0 avidchois aepd fpsapaision into
proghbEi2, BFECI% ST THED BIPGARER drbocpe HRfthufic process
lineseathyr fvithincoe wesbstharufadttringoplenty fitr snstshce unél masufecutigbplant
rolls 7 - need t.o under processing frompultiple
6ApPHYERE i el TeA RS TR NS o R SReb PIRRYH %E’FEU‘PILﬁ typically used
as QE@\H’E@ rofllq'forh Q\ﬁﬁ@}ﬂ‘ﬁ@ We‘ﬁﬁg’f@%ﬁﬁ@ﬁl‘dﬁuﬁ&uﬂhé‘gkc@ﬁ MHer cach
hin nmultiple manufacturing plants
prq@ﬁmé@szyebas vyepcal lylcbllected ygaicatd y wab e@ll asn@n@wd toea diffietent
s fed into .the

progh B B ol Fnl B b Rl PP P yorotea.

préeise@n@to@id dbNedt&t Mtca YD THAS probed nﬂreﬁi@é’c@@uﬁtﬂ u®timately a
di fferent product |ine or shi pped to di fferent
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the web material. Further, the web materials may be

[0054{ Daring @aqjym@mfmtp@mg@@ceqs (f@)5ag_$w%pmq®f veelrtells 7, one or more
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algorithms to produce so called “local” anomaly information. The anomaly information

may be referred to herein as local anomaly information in that the anomaly information
generally includes position information that is specific to a coordinate system local to, or
generally used by, the production line currently in use. As described below, this local
position information may be meaningless to other manufacturing plants or even other

production lines within the same manufacturing plant. For these reasons, the local



digital image data. The inspection systens may anal yze

the image data with one or nore algorithnms to produce
waoogal4sesl "1 ocal " anomaly information. The anPOEI§2008/066513

information may be referred to herein as |ocal anomaly

information in that the anomaly information generally
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given web roll 7.
[0054] In general, conversion control system 4 applies one or more defect detection

algorithms that may be application-specific, i.e., specific to products 12, to select and
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anomaly information according to the coordinate system used during the first

manufacturing process. As mentioned, alternatively, conversion control system 4 may
process local anomaly information from each of the manufacturing processes. In this

manner, all of the position data of the local anomaly information gathered from all

manufacturing processes for the same web roll 7 can be reconciled so that all anomalous
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[0059] The use of spatially reglstered anomaly information that spans multiple
manufacturing processes for a single web may provide many advantages, such as
significantly enhanced process quality analysis and control, defective product
containment, increased utilization of the web, reduced cost, increase revenue or profit and

a variety of other potential benefits. For example, it may be possible to maintain
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[0062] The image may be optionally acquired through the utilization of optic assemblies
that assist in the procurement of the image. The assemblies may be either part of a
camera, or may be separate from the camera. Optic assemblies utilize reflected light,
transmitted light, or transflected light during the imaging process. Reflected light, for
example, is often suitable for the detection of defects caused by web surface deformations,

such as surface scratches.
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engaged with web 20 and/ or rollers 22, 24. Based on

to gdnergtokictli %mnn@l}gmﬁdrmatlom that idahtifiesraay cogionsoof vegb Alcontaining
det.er mi nes Sit]

ety st T R mbds R e ORI R, s R PR R b Bt matysis

coRPutéBYS BtRGHCRorR @ik itlag8 dhtﬁfaﬁ rafBinh 9N Bfat EshtAACHixel data
detected fiducial mark within a coordinate system

cneHapEag ths aﬁlh@ab’r@éé@éﬂbli}’r@éuﬁwmbﬁ& aeoltipalof wen 28| yidiakysis
coﬁﬁ%ﬁﬁ%ﬁaﬁ% Q?ﬁfezﬂlc o%ﬁl&%ﬁ%}? ea)lfsffeé ?dgt%& c?%sggs 1[° b%c%%a% For

msmsé: tthe@d ndgtte unefeidetdt Elages fd dlstdigalshrRtvwecd @pots Adck#dehes, and
In this case, the position data provided by

Ollfdi“@ﬁrc Dfier glasses asprctigsimgish Berwesy furder senef @?f%%t%m ces

033 WaEK e pBsifibHikh Blod By AaRifl nfRRSS II%WG‘%E §i t
[ %Lgtﬁ o? \?\esb 1%% I gjrelﬁt@ielj casé, nﬁguc@‘gﬁ 1 RI 15 compuiet
28 dotetmimks the sBétiad pnmim chtael abdvealyovithimric qoosjlmat@ gystem of the

informatjon to a aI I s conmput 0064 Anal [
prq,cswﬁmee?fhétslspl?aaﬁ Ga fie nondig d%ﬁar‘%ﬁilrng%]rﬁl%‘]é‘cfﬁP‘%? o analysi
cofnPIRHE €& erfines 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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Anal ysi s conputer 28 processes the digital information

with one or nore initial algorithns to generate | ocal
war@aal4818 nf ormati on that identifies any regi oPGI/US2008666513

20 containing anomalies that may ultimtely qualify as

defects. For each identified anomaly, analysis

conputer 28 extracts fromthe i nage data an anonal

y
be dparel of pahydendesanan pitke) thaateccersnprisisityRical yeassociated with an
b r.r f
1n1ﬁﬂ§?€d sl%ﬂg&%geﬁlg gt{s@r %2% R, Sl‘ﬁglc§88| a@@%@%ﬁﬁ Héﬁﬁea fmmfﬁp ctfent
pradissflarcandy wke foe §indcik aﬂﬁMIyl dot)rtee easacoordikate sysnsmzfmcmy previous

there nmay be uni gue, defect classes to di stinguish
or B‘E’t“%’@ﬁt éﬁ%?sées aé’gl:lﬁ‘% @n‘@é? i%nd oil drips. Other classes
[0(18%}0’ 110 51%1 ¢Rg Lﬁ'n§lﬁ51*§ ChMYPEMRr DYIELDBRSs it M%ﬁas@fﬁ‘iiﬁ‘é‘ ﬁfa‘tﬁl location of

65] ‘Based the position data produced by fiduci al
eacrimnloma@n‘tvrtb Iretspectf&@thea;natdyn&atfs systnmpuf the pﬁ&e@ehr@c thiniegormation

t he 0 o
el ar B b loarecy e iegrerPmefp R BROOT fadt irfaflypd Soppugrs
StoRd3 th@ﬁ)cﬂ%bhia%nﬂﬁhﬁtlf)ﬂ Rmv&dbcﬁ-ﬂﬁ irRludiey ﬂﬁllqﬁfbhﬁl@ﬂldtﬁfor A web 20
anal ysis conputer 28 determ nes the x-y and possi
ancbb@ilmtbmfdrmatlelatqr cagtoaringalyy w1rhum dathlease éér d\lsné'é@@?b?]@m the
locglzagnr ba\rfIya { orrna 1t0n %]nﬁergte% b8t i‘@? flhréedlt gllr:o%r ssdfd npgﬁfsecﬁlenﬂy spatially

regiitered Siitlo dfa@ aﬁ@ﬁﬁpﬁﬁfoﬁn@ﬁcﬁi @neRtcAtyahs oth%bpr%@ess dinys for the
di mensi on represents a distance along a Iength of the

Sa%web aRatakeseA 2dnaehs i cpeyed deryof s abghet differgpg forms

t
B e S
exavabing b brOVEmpreadatabasgicnvdror Tmm@tahaseymaﬂagemndsyam may be,

%&3%3 arglﬁingg@%s%?@ hr%% @5@@&3&“ %“?ﬁsg({&l &\QSBMS%

objcl dﬂe%{edf(@@hlﬁb%? SEHEMY) ok B8 e}é\ﬁgla%@naﬂbmsy&ﬁ%aﬁe
system defined for the current process |ine may not be

mafagrindng sysyqin.c A loye panple.tatabaseel Lisomgicnenedsy 3tre1m1¢n:alﬂ database

S QS bs uent ocesses applied to web

proé'ba/edqﬁ%gﬁ‘) FrYCRny " Cmﬁﬂ%?{? LU B put er 28 records
[0067] dacabBRSBoE4s hzﬂ%nﬂ@@tah@lbrsﬂs Q6@bhiteN2®{vile aeiknaN@ERLM collected

with respect to the coordinate system of the process

in dgtphemse Bh itOscqnwmrqwntml syt rienetwal % Gphefledlly, asalysis
co%ﬁ&t@{ %8?908 élc%l ﬁ{qulg gﬁg J{&%}Eag 'rvﬁcl’lalta%glﬁé ]%%élsan&gﬂggﬁformanon

and FeSpéotiiveguti-rhdgeb 1§ amatsidmrbohﬁbl $yBemve borafbeqaeasitlineodetailed
i nformation for each anonmaly, w thin database 32. As
angjgsit r Feyseranelcothe mﬁ«?@nﬁf&ﬂama&h% RRIPJRUNIGRIGH R eyay Pt a database

sy&%?b?ﬁf”a{n]‘éﬂ bEech '&%aﬁ%”e%ﬁ[éhd EB%Fﬁén t&ﬂfbl ky%t hsequently

spatially registere ['ocal anoma ornation
[00$8h Epatiad dedistratibe obbidmenalpdeeess bt pmﬁsmfedrsub%quaﬂlymt weidoersion
Dat abase 32 may .be |%I emented in Qﬁfc & a nunb r o
St Yrad

confrgl puiteRt Plab%ftﬁﬁme MRS RTQESTSSS PF‘P‘leéseé ished.
AlRFnaBRES, HATRRAYGJTRD2Y SR Per¥S RTEhatiBMBktration. For exarnple, 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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executing on one or nore database servers. The

dat abase managenent systens nmay be, for exanple, a
wo 200aviesmal ( RDBVS), hi erarchical (HDBVS), PCT/US2008/066513

mul ti di nensi onal (NMDBMS), object oriented (ODBMS or

OODBMS) or object relational (ORDBMS) database

managenent system_ As one exanpl e, database 32 is
COVPBTIQIHEMIOHS TR € ONYrioeontih s¥iens d mnowigbthcsypramntative

r 7,

coo"?‘afn\égessé/gtﬁk tilétﬁ%’é%@é:%s%g ?él]; sI g&%lgg% St}défr?)ﬂ %)gLteoﬁ a] %ogag%lgat% Iﬂ?stern
aSSbhlﬁteda?tllﬂl tho Iﬂrﬁﬁmeﬁﬂfacmrdk’gtm@mehﬁ%&aﬂpdled anweb 20.0Alternatively,

control s ten14 Vi a net rk 9, S ally, al ysi s
W@Wﬁtﬁ%ﬁ el RN BHEES [TRASPbPY Cﬁf# %hedﬁeﬁg P20 may
be %eét&? MRERve ARGIRENor SR8y s'té?lrﬂ 4 %%grt dfe?i%@ %‘%Bbﬁﬂ?nate system

sub-i nages to conversion contro
difudrs dopueany, ofdhé Eoardinattesty steine dswnateylsmﬁl thEcprodawahm;ﬂse

i nf or mat j e.comuni cated by way of .
10d3F Ao EPhlznt SR TuF G ODEERes ra b varge fiducial mark
“3@OU0SItIBA of 96 DL P et $ I M1dng {HB0&Rkh SPRED 2d. The current process,
registration of anomaly data can be performned

howa‘@sfela:}@nerﬂcpgd faducend magk SIORLIOABE o1, a9>®£ﬁsetmf401 lgint Raalysis

coftphEEOR% oo R G R QFGR 2GR e 2 bR PG g g o DY ©

coﬂﬁpﬁtﬁrfgr dovideg napatijusl meagididngt ctfqmsmEﬁ rdat@)famhb eurreﬁt P3RS to
an _enbodi ment, .conversion control system

alignytheuprpisiar date RyidLRpsitioadagy from thy First Eli‘?ﬁ?%?s |T§atcléan%QH1 &ie example
Wi r f
sl PN SR e SRR ool lind EARL HLEALE fdpcial mark
“3% htotrinatsh thagesitiangb Y37 sn withipuhe firs? rovays. dpkdwisd, Ilﬁlanalysis
regi sfer position |ocal ano data for web 20, whic
corng f@p%ﬁe é%t??ty 3RS AL RPSHSY % 28 LYBISFOBIP UL &S sppifcd a
sinfildr 'Eigél‘%e Bf R&RERioh tdRocold thiy dbRalyeRMRERYralhY & posmon 76.581 m.
coordi nate system specified bycdnversion control
ThesytsanelatioConay gios ammldcxr’aeraffeceyléwetdjwtlmmshespeslaon of the anomaly as

tative coord|nat at
mep P g e oS e O BRLEH D hocubfidl et pErum
detefHiaed B4RE oWithdcdrR@t pddisdn SRS haM TR ”"RMAERSSidrirB®rded
applied to web 20. ternatively, coordinate system of
poahgn of the sarpe Hdedal mirke Angbgisgompeitsdlneay use theesameedtsct or
othep {r %Elo%q‘uﬁa n&g éc'a%h g’%ﬁ:&gl m&/&l’ a%(av I’na oY ﬁ{ags?sncomputer 28
controf s ne a coor Inare syst’em

magfidfefeeﬂhﬁféta Hrniguae afiyt @If othdrarapelatich Nt eors is le@Bsection of a web
assocj ated with the praduct Ilnes [ Q069] As an
oCERHPHPEWCEN FYG CNSpRUHYE Adbeirh Merkpr &@g@; aﬁﬁlymﬁ go@puter 28 may

detreler'lﬁ’iE %? n[{e' dg'ré%{n 13' : @f)red &) noﬁ]%h@s lﬁéi’vg%éd f c?afl n?a@k&%%” and “39”

ters engt current

is .pi bog sdijlc hioeftset to bmgpphecttorajlofnaﬁm:beabvemﬁ&udiﬂ Slarkd “76” and
w10 0 m an offset of .01 1m Analysis conputer 28
7{0?(g§ﬂponally conversion control system4 or sone

(0020 € arfRidr Rl bod RiSkre CHl'Ql&‘f)foQgsquM Ie) g AR t1RAb b tanomaly data
nmeasur enent s of position data for "the current process
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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align the position data wth position data fromthe

first process. That is, fromthe exanple above,
W@e@hPsisss conput er 28 nmay transl ate the positiPCI/t81088/066513

for the detected fiducial mark "38" to match the

position 76.027 mwithin the first process. Likew se,

i f analysis conputer 28 detects an anomaly at position
netpgris 82 Opce akh af (hgipsocesiep ey fipighodpprversion engp] gistem 4 may

e ti.on to record this anomaly as being

ra%?%%?ﬁpggPé%@8%%?6%B56.581 m This translati on nmay,
[007at Asxarphmplchthedirftgrd@ds gy Aaycustondgd fikecigdasarki 6% afa

t.he a as neasured by the current process .
poeﬂa%?ﬁf 4@% 8 pneghy Kot e Neb- 4 lLa?siugﬁq%lﬁntfram%ng
prdr%g%sﬁarpﬁl:)}%@g) tﬁ@%{%ﬁe Habl€ r &BEdeB HdyPRBIMEHOB 80Tt %ﬂwm@‘lhkewise,

and rior recorded position of the sane
thef sublsasjuent preacks mAy ahyesticsord ot a2 aiopitione/ 6t 39 Bafenversion
coq?tfﬁqf,l E?%ﬂg r46{ﬁ%5{,t hme ra??lﬁ%?e%%ﬁ%it@%ﬁé&n :?Iﬁﬂ%g g%@rzlgg%ﬁgedfﬂyd[ﬂg Isﬁ)lsequent

pro¢@iseytrdilafing fepeRitidh fda@itto Ahat @t TEO271 han&lsddet @lring the first
function for each section of a web occurrlﬂé bet ween

mapgcising deenchsy eCdnvaisidnadontral systenTh ateyitken penerygy ssmilar
tra%%%Fo%gog{tpg Igaosqﬁgn ?Elﬁg ?orrrﬂlefn gnotnllqaefqtg |d$ E%tleg Fiflr nlg%t, ﬁltg %ul%b%queélﬁ [rocess to

| o anonmali es between

recoiPthid dhonfdly dsBeindhpreeent eposition €. 380 nhecapdihg &tht @alculated
ignonalies bet ween fiducial nmarks "76" and "77" is .008

offigt of @2 dmmn AgrtbicHesed SRDSe PARBITESIOTRGRIITOPFXSEHE & MAYHSC Higpame
offg%tfgregacfl BQubiACRA 8{5&1{)@%&1 '651'% 2 8%&%%Xn\%frsi% l:?n(‘)a;ol system

her processes. a an anal ysi s conput er
4 megcdeterarnt @ctigud offsapFarhclosccpomdiic tveb ifiven c@bpretesd dweurring

ositional data of fjducial marks and ananmalies . in
bef@@?%b%% gongscutive r@aelal BATKR ? AT PEORLG COPETHIAR CoE gy Yign & may

de®HRIE M@ thd JPRCLHEHEA i RIRA 8SSk M INAHY 5@ IREA phdck®is 011 m,
position data recorded for the fiducial marks by any

wholg ey offiscbbewsen Adadialsnaks SHYwndr 7 28fromgmegriss § it D& m. Other

data t [ . tr.ol t 4 vi t k 9, On
fungfpfiy ey {2 U3sgR sediely pesjeler ) daa Or uils SPpveragn EvgTo!
sy oS YQR¥Fifled Y00 BB NO G dtem Fbil usefin MRialPkdgeérath aldtally anomaly
[0071] As an exanple, the first process nmay have

datpeqraversipnfcogtiel sybteret Ray 3pply ane ar post mppiring furpBomAP mMap

poﬁh&{‘gat& &0 HENGH il é&%ﬂﬁ’eb' whi e a subsequent
nmanufacturing process applied to the web may have

[0072¢ O1d e3hs haittluki didgramriKust@bng at exXdnf)3§ seyudnck eMinatufadthifing
subsequent  process nmay have recorded an_anonaly at

Prgsesses pOAPPAEd30 9 singleatrl dnsmeremplsty enbadiraithe sagyence of

R i TR e e L

upalatvab tal Tray phssit. W&brroth Tihesigh eddididnalpgoddselifidsr BHA—-74Q (“process

lin{:]%géﬁ’s.g ]EO%%SI'SR‘Q]QE éél? %J[eagl ! p%)vq ee bs3! a? gllnglce) rr‘rtlarncl)llfagl}/rlsntgepﬁn% 6rglir¥nay 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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transl ation on the position data for the anomaly

detected during the subsequent process to record this
wW@r@anl4g1as bei ng present at position 76.581 nPCT/US2008/066513

according to the calculated offset of 0.01 1 nm As

di scussed above, conversion control system 4 may use

t he same offset for each fiducial mark and anormlg ) )
[0F7db M amerenprEyesqucnet ORGP 49F IRDREHWBIS. Wk pehandgpagied in
Flgei %rv%bnr%ll‘% IHQy gug Blfstwa fifm f 1c1?§1%2 b§§ﬁto'ngﬁoé%fss ﬁné’vﬁpA where the

om each process BERUT ri ng bet onsecutive

badei ftltrciis dirstrfamkesL in Iéocroréamermlm opeaativa 53 A0 IO thind protess Yiat,emb roll

det erm ne t.hat  t he off et bet n fiduci aI rrarks

7 rieggh png gud PrRieRigst Qe@saitig Pingpeetjon 2 (hnerdiop i@A may, for
ex@hple. ectlea*ﬁex;fé'@r%ﬂ 7f 'oﬂéiﬁﬁéﬂ SZ@H&Z ﬁ)rl?lfé wahdI 7 Zmd Bg&%on 52C may

process . m her functions may
curspadthi mlll7y Welgrcsik ’émay h@ndmiaspe%d aezmmdltene b:;onwmcslpm A4B and
h cont rg syst gm 4 defines a coordinate systemfor use

e’f“ﬁ’v t”PQIairﬁ? registering the locally anonaly data,
(00BN WRLSioAry By Mt@b(%@ﬁﬁ& 8 hfbvERYr ﬂﬁ;@ie)d 0 PRocOSs IIHérﬁB where web

mappi ng functions to map position data into the
rolb p oy tHpmaneowndspefacding @rﬁg]thﬂvr@pess ling 74Bblpthis etagplaeperation
52fa|r10§§%s; :é‘tl) g%l i tﬁ)%%n‘%}b%gyed éﬁﬁgﬁ%ﬁ ttgen % 9 n&%hgn 0 &atlon 54C
is reatdBefbre Eeh@ é‘cﬂmueﬂtﬁﬁo@fronranuf acturi ng pr ocesses 50

per f orm nuner ous i ndi vi dual manufact uring
[0%6% éeldyional i IROPIOCHASHYMBARIPHE TSR bwé}ﬂpsequent process
i

lin ?%gsqg AH :)%‘ﬂ ")F’,l l(-@gec? oloa‘r:]%zﬁ hdc%gs;lnggﬁgigi\%egf Elgl%fﬂsﬁls again
unsongl. eAsraaniphest apdratgorpd 2dina§ cout wiebyrol€ Wile art ephqme tabhasive,

DAL SHD B EESAY e Ian s B Byt S e wpi her

is GhetHoR %stpgétldi’lpﬁﬂ\@tbbf%ﬂegwég r@NHisAB&R oRkd RS Bic RS POEhIa® N eb roll
syst ens erforma nunber of inspection operations

IOSZWebTIhHrIQ m‘dlﬁnb@dw@boporrmrted intg pectucto. systems for

103 AaionB P EEE e B Bk durtt WGl ol g Rl

subsBERAEL i @MtiF¥S hEAFectWNTh@AoRE it B S b@ﬁesﬁﬁ@l@ &S shd &S dbfects
have one or nore product |nspect| ons. 5‘1007 In an

withieprsl argors of therfi Eeignt ppydecBiars pregess i Brrexamplehas
sho%? L Sl,]trﬁb seifﬂ Icetrﬁ%r Bn{lorl:e ocf\‘rgc?irb 11%p\@‘catponrs ‘34 for7ea:gR%f B@ﬁ%s lines 74. By

In-on process

freqﬁ@nl@ ihdpectidgst@e fnicbNmhe $od‘a1 ditﬁjrnaﬂjb ﬂaire daptOred deoRf e eidm at
operation 52A. On this process _ line, web roll 7 may be
thrﬂﬁé%eroa% liggprandicesaamgedro inivifwally epdigees sash of mcesses 2.

Th@ﬁkﬁﬂllo‘%\pfo? %%nﬁ?%atldcno&f tﬁ‘é@%@ése?f de 7&%@0*"@%6&9 olis ZOI‘I‘%CEI&H

operation 5 peration
[0078) Mare@venghe totch]l aana\]/jedlntat cdpturéd firyn thh émspbeions apmch @fithe
prqcswﬁ?n%g ga& ater bke)%palltln ?19 ?gélétgr%d to Porrarllnadgg}re%g‘pe aVI\lgglrE}ij iInPotrr%agon 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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[0075] Web roll 7 may subsequently be noved or shi pped
to process line 74B, where web roll 7 is then unwound

wo 2009068t ng i nto the process line 74B. | n thi BCT/US2008/066513
exanpl e, operation 52D inparts web roll 7 with an
enbossed pattern and then 7 an inspection operation
54C is perforned before being collected into a roll

bageguaterial ad e Weth 4pr ramiMcastay ey sAeREy seycrd Py seatings applied
o BTt ARIESH RAREER ISPy SR bt
therdtimafé pesfoagaich ofi thatamd ghroddstse Xidwrpise sf spap eltyatdgtuer&Pggregate

may coat web roll 7 with an opaque adhesive, .operatio
an@zé_y ﬁ%@ﬂww@mv iy %merswnawaﬁrpﬁ%ﬁswgt _ t%éiﬁnﬁl;& Qe gelevant
anGmAliddFont {He :Hcl)llll}ﬁiigsl&gé fction mewé'%a%e(% o R ?51?%[? Bf PN,

bef ore web ewound i nto the fina m as
inoleting ik lapglicativebeledéd. 10 is then ready to be converted

073 16" £y dtiph by PGt SFETEGRe2 g 1y
manf8turihk 8fstad 20dabeatis FId hergpkeitieally, FIoaydpectd@sicealih @lements
to inspect for defects within one or nore of the

of thefekampletsystamufl@ct Ur gmgfepddieibsBadhj i escbmanufanturénggnpite 6 may

oGSOl B Y BB FLeBie gy computer

as $HeGUAIRIGY. 2 asP8C i adilifidie exshbycl Mendfocatin@plangkyt idaiie, web
captured fromthe inspections at each of the process . .

manpREQITAE R14HE O Ax BFY SRMDEE & SRISOTHAN BS Ve AT ance aeamsglfdation

serEofesses 52. This may allow for identification of the
causes of defects for expeditious correction. [0078]

[0080; domeng crhbedilnonta) a @ingloploceskinglimapt mae derfferammuhiple operations

i nspecti ons at each of the process_|jnes _can |later be
Onéﬁéeﬁ)ji A VYOSt Foe gl gy EP%&%{% T gurSd to perform a
firdt %f)@[raﬂ@ﬁ bOddt Bh@ﬁer&t%s BE weedll thsin% Vs &4 ¥f Qe or more coordinate

pur poses. For exanple, the aggregate anonaly

systerhoandatr folucehmabengx dmasedodess fing T4ehasdptisheid zlec B bperation,

P R R e P A LB P e P b aprations
poReRARMIsNY: 4R26nd BE oPbRESICHoRRIBbIdERE §tchst dndBr €ld¥icial markings.
sel ected for the web, sone of the operations perforned

WabyroBr/gaesibies be Jrefapded,d i.cragail plagedat ehe stestelrprogess line 74A, and
. . . ' '
PR 55 288 b8 SN GTREARE L ST 3R0AAR o o7

In thhewpy, aGatsesrocAR 1iasu@lprodesd Hndmedoukitppt@Bial @ perform all
material of the web, for exanple, may be subsequently
NeGSEYASY BRFTBYOE AR TTeFgEverpisn iPERfFep Ol bl ancthgagpitippdata for the
- . y .
T O R S SRS Bl o et
acqurdrohace tvsth tHheclus guasfdesqraied dbteyn.r egi st er ed aggr egat e

.y infornation | ow conveysion_control
0L E3e w_e@] BanHeRLrng g@%ﬁ?@t P BGAMTLRGREIE Lty finmay
corhPBsdBHcldr nRIr0 6659 1@ RAUS R ffin @R Do PRSIRFALIBRA s@ver 76A for
variety of factors,
collection and communication of data. Consolidation server 76A may collect data from a
respective analysis computer 28 of each of processes 74A—74B to transmit to conversion
control system 4. Conversion control system 4 may collect and store global data

corresponding to web rolls 10 as well as copies of the local anomaly information and the

aggregate anomaly information for each of the rolls. In one embodiment, consolidation
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including the application selected. [0079] FIG 4 is
an illustration of an exanpl e enbodi nent of
wale@voi48i8 ed web manufacturing system 2 shown PEI/BS1808/066513
1. Specifically, FIG 4 depicts the certain elenments
of the exanple systemFIG 1 in greater detail. Each
of web manufacturi nﬂ plants 6 nay conprise one or nore
nA

serpprs desasigh presicwar Hal nagey e sact elotcipdis dpmin appther embodiment,
| :
cofARHRESCARTH FLF o PN Did sfien® oF b Tolls T10, dn one
cmbedina sbawlidationgsepleant6 fhly apsayiacaimases avith particular web rolls
o b By P e S5 B TR ob S o 7y
coMpRSESHLAGit) biGaribfs FRYnRELT Alcomhihe k@r‘r&@@ﬁcﬁﬁ% P diPdrent
a web at vdrious tines. For exanple, process ITne 74A

pravass le Tdodf iygemether ompedifrentcansoiidationoysevcat 7édo oot ssggn any

f operation web rol]..7 usi a first set of on
rolparfiria Neb3pis ARvETEy bty "wifEheBS Rt S FpRbHBERs. or
ex4AFI8, PIcPieesShidlda nfAKks Adsheldf ST@idl Riritd deplicted in FIGS. 5.

rocess |ine 74Amay be reconfigured to

oper ati on, g@(g / \ . [ .

(0082t {psamacrsbedhmanispeeasplidation sewer, it injiencat ¢apgelidation server
ot ent j.al l in econd, s of one,.or .

76RO ol oA ERIPOYRER oo 808 HRE T Sopgrampl with the
daté conyctédeomhke firsep@acsdine, for xandglal progdsalied 744, fjrive to

start of gocess. [ine 74A, and then process |ine
COpIAREHIQRIOf OnNeTEIRE corERrsiEmet: diniapathst crakqdigent, cach of
coftBRIRI YRR AL 7Ky dord Bedt ThplBntoBngidieBeived from cach
of pextwnriimal4 wikhowssgistyat@pe catvieoiten ¢omtrbheyseony erayisabsequently

rocess of weh roll 7, dth osition data fo h
col?qc} g)(eslg@? a%qmglﬁ él}flafl’p%}}%lafgq{a eﬁﬁ]ec?fscge%]dia‘.g%q Segyers 56A—$6N and
recBRE(AI OMBe 827 _irﬁ@mﬁl@ya(xﬂitﬁid dbnfv&gio%tc_%ﬁﬁgl %&eﬁ%&rﬂﬁ{éfi fime to
with the techni ques described herein. [0081] Each web
formamodrapdsite inmg. ph et anofher cinhedieneok conwbdatemucact U6 Aniypr
| gnt 6A, nay.c rise one or .nore consolidatio )
oxulG Py Tepgiy® iR BAE oD SRRV A OFPT SURYB 1 GRS i} roconcile
onGRb hRE hiodhl R Fo eIt pef@hic@fordf welgt 2. Consol i dation
server 76A may collect data froma respective analysis

(0083 inpueres g, cerKision oot sxds 4 Tan: g and me data
co BB RHSEELRN SNLATH (YFLED e FRRLEES. R 1RSRBAH cxamorc,

CODREJIES Emm@dil Bgstdnd 4\edy dredtd cldasyviie desaBbaant e&edibl fobstion of
| ocal anomaly information and. the aggLe ate anonal
¢

data gegy A ceih Wet rodladd. 8- Bhepcedyipg ane addistoler of

. . ) 7 : Ul : .

cof BALA RS U5 BRRLED, LR LRt Lok mbAES

cortar swdrgidg bif alatasfeorv ensh dfcomsolidagen sprvers 76 repandisg b particular web
ments of web rolls 7, 10. In one enbodi nent,

mlf:g(ﬂsol i dation servers 76 may associate roll nanmes with

[00%3 Tk 6 SanRD dh@Ih&) 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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or segnents of web rolls and particul ar process lines
74; that is, any one web roll 7 may conprise a
w@bkawpal4sty of various roll nanes, each roll naP@I/US2008/066513
corresponding to a different process line 74. In yet
anot her enbodi nent, consolidation servers 76 do not
assign any roll nanmes to web rolls 7 but onlg identify
maﬂwla%%thegaamoa@éw.rﬁ% 19 o Fpr @ragipdd. ORBFIEC sy %Rf&ﬁ?ﬂséme 74A of

L SRS OTn A BB RaRod P OBILRNT

[0086¢ Bas:nise cdabirolts Heire anwoliad ardstvanadat p:rocrtss)hn@am odhversion
76A, [ I f d

coRR B b oy R eRaEh i b T aaInE o the Process

linEH drAet t%cfaélfl@f@ ﬁl@l%elf SftAL A OB Stidd S¥&he (WRD r@ﬁ‘f;‘ﬁg b€ determined

process 'l ne prior to communication to c er si on
basedwinraphlysiy of dm fttiuciah mariot heoneabbeliiment, foreaamplef fiducial marks

consol i dati o erver 76A- 76N ore | oca
el S OF iU Siel Bisreao Phins g et Kol BReidt mark
thudlit M@K be pEBIbH fodck@incCABEaES bPiMe GRBLHIRi. S YWhiEeAd HBthe roll
subsequently collect the |ocal anonmaly information

wap rquhﬁréhmtp & nronfehiragirrenesydyiankyzing AvrgNr dredfiducial marks are
of the data internally w thin conversion
a“@%%% gscg1%Aln$4 at a later tine to forma conposite

[008ap Onbél aj ef tlﬁﬁi@taﬂﬁ!’s besibRdonoial, conoasiohictatrd|GRsteRIAV Ry transmit
76A, for exagﬁ may receive instruction from
the COMNOPIES HAD A FONVEEYRR Bl 10 39vesr/deMt copveriionsieme?s, such as by

umﬁgggeg]fl?e %Xsmlcx gﬁsz Bpﬁé}r&ﬂer%&eéo?ﬂtﬁ 1E£{on§%¥}§gc%yWeb

I n one exanp Sl on control syste

roliyaltOheay bBashipperdge oat bf caivartimg rsrt@s&@rﬁN (f{gohceraag sitossh).
roll. 10 fron1conso|hdation.server In anothe

Coquﬂﬁg éltesgoq}@ép‘g 1@& & B(Pﬂlp%lteé%)t tlae ﬁﬁ&ye@i@é‘e& an }:rorn conversion
coltRdl @9@&@ Ak 'tl%ﬁsfgﬁﬁl%g thé%sfonmo B8 proR@ttshecation of data

regar di ng each O (, e.g. by specifying a
[008& WE.I6 Aad dr@@amohus@aung ofic cmb@binlenitalﬁ aprexsmpledrdsiciabinark that

trol t 4 | at
mag e g ofylR o Bt bR H S EoEei oL (gl
maPley M€ bﬁc&ﬁatﬁ@@ﬂﬁﬁh{&%a@s ﬂh?ddgh@&t' tBE I¢ Y’?@ dfl Webl@1G[ DO§éterably
In one exanple, data may originate froma process

oufsidgef the sglabpy arewelsthy Wk, 1?14>Aderé¢ ageupely ileqateggnd wégichodentify a

phfsécgal c% AN om Cv%% I}XSV\@QCJ dlhegz‘tq%qﬁé/ te@%b esélng&eﬁjul%gddgmal

|er eSscCril

makleyto whatﬂla clebeoria pbslﬁ(bli adta elbe a’,d@hfatelﬁ) spasialli t@rﬂfﬁi@dd add€ombined
identifier may al so unjquely identify the particul ar
forvmitlpkﬂqmtmera[ﬂe@%@antqlﬁms Wérl@%ﬁﬂréouré%\% roghiciiables ang even

mah(f20BY g flgtg qn%t%@%o'r&su lﬁrﬁduc{%?hg £ehRE o la er detect and
genera i's 'a conbination or define sequence

recprdaess rdlativesto i edsitopenrt alf cefidweied manﬂs}itfélthdmgh shown as including

artlc b roll 10 For eéanple one reci pe may be

61;08 ed @&W\Q‘[’Eﬂ;@soqther orms of indicia may server such purposes:

[0089] In an embodiment of a fiducial mark as depicted in FIG. 5A, a fiducial mark has

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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pl ant 6A, process line 74E of plant 6C, and process

line 74Q of plant 6N. [0086] Because web rolls 10 are
waoeoongdieand rewound at process lines 74, convRCHEUSIW08/066513

control system4 may identify the direction in which

the roll was traveling on the process line in order to

facilitate merger of the data. Direction of the web
applping thpagke ag @%@Hﬁ?frfeﬂthsaz@@do Frhightie yagrk has bacpapplied,
de{% %%h%kpfli% on 1ifls Q0 @E‘&Ré’duﬁ@%l%’ fu% fof ﬁ{gﬁhf\%)ﬁturlﬁg the web,

ucl a S may be a sequence o egers

rodtmgnemmtldmydaﬁmmgf a)lrou&afohtlme;@ﬁbethtdugh niandﬂxcuming masdess lines

hus it rra ossible to rmne directiaqn of the
ancicebmﬁ%lffﬁcttl m%plagtﬁmnéfrméﬁan &gntl ang BF majerial papjicdianddn which
ordef b 428 oMRRUIAC LNt RIPESE o inARALY %lhﬁﬁ%ﬂfé &L

duci al marks are ascendi ng or descend [0087]

ms@nctmrmlfd)r dfwitshreard grarchrasg dfetba wickcandai hostof Qibfrmafosmatmon

Ot S L i e et

syrfibé1Bg@Staiardl Sin¢hetdhboldirhéht, Taaetuke ®0 nRiyOlepreQént @ E‘fﬁ’ﬂle Qhteger in

any ot her data comuni cations protocol. Wb rolls 10

therfasrgdo@orgm tp 988,909 bnencgimbasiimentt ¢ash figheiekmairgaged on a web is
oné ﬁreeg{% Bltl?eiqper VlOleISS ﬁglg,)l%l rnarﬁv?n ne‘%nbc'odtuingnt ]Flga dal%ark gy be

he converS|on

aplﬂfw\tﬁ ﬁswabmsﬁ@rh&lnﬁkj esp'tsxttam%elpmodesquﬂmlmg fiduodelndid bisa web is
nto_ products 12. [0088] FIG 5A is a di a&Jam
descrlb%tmfﬁﬂhﬁgd%%@néﬁﬂ@amg FPPlgatign F&@éﬁﬁpﬁftél ¥ éipg) No.

206@%2%32‘4'?§t 1515%}‘ tE’se rM@Eh%Q f&rthé’}x]'[lfoy(ﬂt umug?gfnlg%@tg on Webs of

e speci fica rks are
Mapéréed eldltﬂlt@hafde@ﬂ)lsa rwhich srhesdbs it doreargted lb§l ré¢foentemgtsdenofeta

r ef er abl i de of, the sal abl e ar ea
Wfﬁﬁ&%ﬁf fwfpnasrla@f rﬁtpsgsa@cfiﬂsvataiw%eat@ﬂsw QHicgyaps For
exdrﬁllﬁ@tdaftaymﬁy BA y&ﬁr@s@hmh 86 AtIPBarbilcl QQDV&Pcodésoﬂr%ﬁwﬂaPa%ﬁér
herein, the techniques may utilize fiducial narks to

recogaibibe (@C&tmmmgnetp@ﬂytenmdedaﬁaﬂh@’nme atfen cabedliynents may apply

aII eqgj stere ned .f or tiple unit )
riagBat it SEh R AR eRf prpfig gf bhsfeufint Mckhanical
labRIsQ8 Yt w &) d)!h@ﬁﬁm@tﬁ%f%’ﬁ@seﬁﬁﬂ%ﬁ aiqwall MGkPASRES as dbtRer
ot her words, the fiducial | ow a reader to

appls@@t:}@n metheds, maplseborsgde Frihey, ﬁ@lcaftl imesks geed et be iterating nor

pet%)(ﬁ alfe{ ﬁaé) %mdlfc q%ar% rn?% é}(s(e?') s’%! 1%&%{%? Il?é wraﬁgma{ges

arcode an UI' es

1te1randg gidaciaBytarke isiatreBUCtonRuiipasesy ofl 20&Rjnd fidwfal marks.
enbodi nent of a fiducial mark as. depicted in FIG 5A
[0%?21 iy genesl. ducie] masksome ugrd tﬁﬁP@bl@é‘éftol“ﬁ@wrﬁéF%%f agomalios

dd &f%‘?&ﬁ f%g; lpca Mg E@T facBi Eée% Fiducial mark
I‘GC?I UCf eger to uac ur at ﬁ%l %C&%@? ; Oéciiuc}aoglar >
magfaloadiclodere8t oBarecocbe p&(ﬁembipmsrethe sdgerﬁfahasmzbb ont51de of the
rovi ded i e chi ne-readabl e f Bai;code 80 ey
salpbjp product. If fiducial marks are not present, t e 1rst 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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exanpl e, encode a unique identifier for each fiducial
mar k. Barcode 80 may encode other information, such as
w@o®oni4sm | nf or mati on based on a coordi nat e syRTEOS2M88066513
whenappl ying the mark, an identifier for the web to
whi ch the mark has been applied, designation of
[O(ﬁ%oducti on | ines used or scheduled to be used for

hEil GBS @lr%hwzsampl@mh@gim@m of adidpgial matki Ap HYs a
g
ornbOfpfenl e A CORMALL TREMACHE NG B REERR e
sulishmtinihy il imppEposedind fichdtion whiloke depdeted anBlGadAa Hifwever,

barsp Ea! FIRh S Bt B GG ot i SO mARagr SOGL Ll e
rep‘P@enteé g %oﬁgéﬁnd)ﬁd&fah 18dark ﬂfa@fn@ﬁfdb@@ barc Q8O hdvin D Brst mark to

nmbodi ment ar code may conformto the i1nterleaved
rept@eotfm&’tufwlmm dayy ast @smtand matintoomequetshddntnfiyribg fiducial mark.

b . 80. inte h
SPRSTAS. Parigotmns, brobr SSREBRP Y Sage T rlrarifh A he
int&fdaledb B€ 8 dordint iNERith Fn QRE 0BhLBHRI i@ 4 lvePrsY | Qtldugh

fiducial mark. In one enbodi nent, fiducial nmarks may

dle@ssecbmthé@Bp@@t te tlv;rrelnteulgawg 2c0f 5 fokinet ofher bareede fppmaats may be used
as WERCEP %é aRlpi1 l%eﬁlowe $1tsni%1r’nl§% 59%%13 ntger 11‘? he range fr from 0 to

escri co-
999.bo® dElic Gipeatier cohdap'ﬁseﬂhﬁee pPieces 339}561@1&&36725@5&&[)@16@&&@ (ID)
and Met hod for the Automated Markin %hof Def ects on

indygaige dhe marErGtaring preptss dne hapapmicd thnfidycial gnask pagy date
reﬂéﬁ%ﬁ{eﬁ gag%;g?nﬂ eal ﬁlfd?d‘aﬁﬂé G/hkh tﬂetﬁsgu%gﬁ b X/Igrsa I};ﬁ;gl%léﬂn Tge upper tier

t's may represent ucl a
dlg\ﬂalmaftbe apfangtcher SSYYBD, Eod th(B)la\Kmi tB:;r d@ﬁsana’ydge dveanged as a six
) rese by. a | D barcode, ode tica
digit{Rjeget %ﬁfr#%?%ciww%s fgmnpl%y |Wef@ﬁ66%@dﬁble 1

belGWr t hernore, other enbodi ments nmay appl y fiduci al
marks to a web using inkjet printing, |aser printing,
or by securing nmechanical |labels to the web. O her

nmeans of representing a fifit «'TI mark, as well as
ot her application nethods, ;ﬁﬁ%al so be used. Furt her,

fiducial marks peedptithl [FeprésRhtatibhg JiDi g@irl odical l'y
spaced, as f ifchtot—ad—RBaks—i-al—se: reference
poi nt for anomaP¥EE" R teratingP i duci al® manks is
nerely a conyeni emarvvay bf preduci ng f|1du0| al marks.
[0092] In ger.c.lju on goetad b"bl"s are—dsedHt o conbi ne
el ectronic data Of anomal i es recorded from|vari ous
i nspecti ons. |BuDigitddeantifiery st ##gfdf act ur ibng pr ocess,
fiduci al mar ks may atTeady be present—om the web,
preferably near the edge of the web outside of the
[009&] Ehh SyquradDe tnay bt dividedciradngmaskgaanendgltntg6e Fentxample, the
first manufacturing process applied to the web
SY%% i cAp by dpstrehvgsdas shavran Tablg 2 belgw.r egul ar
intervals along the edge of the web. In one
enbodi nent, each fiducial mark represents an integer
one unit greater than the
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previous fiducial mark. In one enbodi nent, fiducial

mar ks are recorded on the web approximately two neters
WQ@Rp@PN148M8 eci se di stance may not be required bRCTESIV08/066513
fiducial marks, as fiducial marks serve as a relative
i ndi cator of position.[0093] FIG 5B depicts another
exanpl e enbodi nent of a fiducial mark. In this
enbodi ment, the fiducial nﬁﬂkliéorrprl ses two | ocating

Wi chy are sub |a||yS|m|ar

MUMU on as th?%g—mdepl cted|in FI%EI:%R.Uﬂ
HoweverQo-bar code 8 1 of FIMGnt%B i s subst anti Platic Film
i dis

different frombaricode 80 of FIG 5A al
represett€@d as a conpound Rani @8 al marK t hadhgsive Crisiag

Tb'a'r‘coﬂﬁ_gi—ham—m a 1T k—to Tepgres
manuf ac Jrll ng data and a ?eclglr?g(nark tq Xf)rlaSIIveProducts

i denti fa0-phe fiduc| al markplaspeeci fical l y, [ Mdtehl(ﬁ‘oatlng

pynnml e__ _bharcode 81 r*nm')ri ses twelve dilaits of

i nfor med4-46% in the| i nt er RESEBYED of 5 farrratRE%EB(VED
urgrtits dCIT Ul [all uppw dlld d IUVVE

Althouggnd ?scussed Wi th respe?iNto t he |nter eg%/nél ation
of 5 format, other barcode formats may be used as
well. Inthis exan;i)le the lower tier digits forma

[0095hFhe uphefegeli-igicd Pricodes grayinrevifiosesra 9dvapgaes. Ther example,
t r ce f
mutl'tﬁ)g t%{eGr% t%a? od?so{FB cb&??‘cgglg r@a{ fes{é&g&i ﬁ)a %E@l&%ﬁn@e tiered
ba@b@a:@sg FiG6) bh alﬁ’npﬂiji)’pﬁlllﬁdg himalp‘le: ﬂhad¢ral Likemkscathiks mubiatia@ed
represented as y and year jndicati ng en the
barcpds Yy inamaswgg Yy1atian neﬁﬂk@ tQ gpigpely i g}m@w off Pocrggs and
sp%ﬁ"lcasyséﬁﬁ%gr0§§ a@éﬁ%anﬁfh@t&fﬂg chQiWEE)rf oo FidkidRarks from
e arranged as a six digit 1nfCeger g ###. The
diféoertt prdcssseb maydepbpligd tbah@mﬂm: ﬁeliwah«wtsauyrm iof edotinmtion or

Tabl e 1. bel ow,, Tabl e 41 .The syst | be )
crehi% HRBER o OAt RO SR TR P e Bt iy o i ving
weﬁ){§&1§éﬁské'ésb&&wvﬂth%spébtstbrf‘1@ul§d as shovvn in Table 2

bel ow. Tabl e 2 [0095] The use of nulti-tiered barcodes

[0(1?&1/ Fif5.dvis de ildwsiratien O%aiwmmgeés fidpgipl reskrrpader 29 (FIG. 2). In the
tiered CZ ar,e

111u§]gj%teg ﬁé%fn?lg fﬁ a1rI§ regdgr %}p @u{iﬁ: arggmgg?wg% g%@rcoge reader 85,

twdr Fici®) seﬁ%r§ 86¥9| 86B. Tahdl b Zlgﬂ1gsoﬂ'tﬂet88ﬂh@nft@ﬁt¢lefe§n In addition,
Li kewi se, this multi-tiered barcode may enconpass all

fidpeiplgpagktconiohaddewhich nai bfwem}pr@%ﬁpllwr@enerp Rreeass@smay be
em?ﬁ&ide‘a%fr{nfi hﬁu&ﬂ%ﬁ%eﬁfe{ 9§ Br ?dhllr)aéal}b Iy ?ardgﬁ?‘}’d )?g %ﬁﬁga{r??egelectronlc

oper ations duci a
dauarp@tlﬁsses may be applied to the same web w t hout any

W‘l%%is ua}aifg{%gl{ ?n%gr' g 30 Wgéf%%t S'ﬁ%%#% @b%%ﬁucwﬁmoré XgAqnd 86B
and B VAR WELcd R sEElSHRr RRIANS Whthlod8RP BRI, Bl Gf a Faucial

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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[0096] FIG 6 is an illustration of an exenplary
fiducial mark reader 29 (FIG 2). In the illustrated
we@x@apl4818 f i duci al mark reader 29 includes a fPERES2008/066513
havi ng a barcode reader 85, two fiducial sensors 86A,
86B, and a |light source 88 nounted thereon. In
addition, fiducial mark controller 30, which nay be a
wigih ¥ gph ity Upiete supstyuirdy simyiageusbodeteqirhgthyacading depakys2, 84.
it h ' [ r oupl ed to reader 29
In W %aglﬁﬁ% g%ﬁc‘g Ehr gg{slrgglﬁ:agg g‘g?ﬁ?%%ﬁ‘c [0097] Fi duci al
[0098} KV lcaritotiosdnesrs BB Araad 8bBelketest go@kpdtiding facaltirgy @brk, fiducial
sensors 8 and 86B and activates bar code, scanpin .
maih swt_@i%g‘? ﬁﬁga_t?éflﬁhﬁ VUi gD RioR L0 B3 %éf_&o%ff of the fiducial
malt. dGofle FRiREdt fhBidiHld %%‘?érﬁ/ai@ lit WalHRes@In other
predefined tine period, e.g., - 10 mlliseconds. In
embhdisnemtsn hglrt, sofiicd §8 inzdy e Hesmimstglemhantie8bBhdidaciabnstrs 86A,

term ne. when, th ar.code is within a read zone
so kel lorainimmatke phebab Saulidosly L ohs GoEBREy, yhen botn
fidB6A RAbrS8EA BRY SO dBleH 18c ARk IngarRESS BUSHAESRITRAT: 88 cBtures an
focusing optics. In one enbodi nent, fiducial |ocators

imgg, ofduregde 3f ratherdbaroproeesiaeWisiengsr deado atadghpbadefls egal-
tinvgyl6 %'tic?uc\lla\lll %Pa%lg ! oelgpoéltﬁp ? ?] \relh%?’sto%en glef'll'nggec {na(iata[st)%?re; ; Sang %’g‘%g?en ata

1
are nmoun rane of duci a Fea

repaéschiagivé olf fhe MdmpRt thaiddde B0l @faythe rsddasidantciprbtey at some later time.
simul tanequsly detect both | ocating marks 82, 84. In

In gipsheseahedanent Hedugjadmariygonirodler b diseets brepde repsiepiy to capture an
im{l:%e?o%ﬂarcmg B0 ?&Iﬂ}o e%ﬁﬁg ﬁt?g?ﬁ{ﬁn??%re%ﬁ %fedtr?f‘té%@ec Fhat is,I tfarcode

respondi ng l'ocatin ucl a ontroller
read6r &Cinhy aktest theghta Sam tleein@e iofi bacods 84 and @al) zbdrciatge data to

80 of the fiducial mark. In sonme enhodi.nents, |ight
detegping éheg@aw-wa%lwf?mapn sPtappddhereiy ot her

[0099PORICEBRSde Jch@RHR5HAVIGE HBRABR0 FRiuclal HXHNRLEL 20Nh¥ convert

when both fiducial sensors 86A, 86B detect locating™
thenmfdigagarbshd fittimabdryodsi §uhtoathgital sletp. in e forre of v odégeentiducial

en. b fiducial ,sensors. 86A, and 86 et ect catin .
e RRAO e i TR o Tich ot ARE SeleL 56| AL DB e iducial
maPRES B0 mal deferth M@ MhPpRaRmSIMEe MbinkABDagRE éh &Roded
read the bar code in real tine. Fiducial mark

refeisAeq BEnads regoverhiromtcacedar hdicplygpegagied Wit thp aish. Bmlucihmark
i at.at i .of .
col B 0B R AL R BB ES oy B P o

anélnat benhpeeio®li Amitysis Eontbigéral8 may Koraleing thelill@ttifid®read from
directs_ barcode reader 85 to capture an inﬁge‘of
bansadeHwithdhg dnta s fhe physihlocpiignofithe fidugjakmark and store

thiO G ion TP BtabRe 3021 &gee rﬁlfogﬁi‘ﬁ 8Rd k L8tqlfR S0
o B e O o R Ry TP S S8l
commageattatlatatto agkdyes comeuttds ovec hicomputeankabloek using networked

i nformati on contai ned. t herei n. #033@% Chﬁg bar code
SOGhELAE O NAROTE EABMBRICEUEPBIRCORi HIRTAMIHRIF RPR9Er 29
cofBMinf@El4ta 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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the information read from barcode 80 into digital data

in the formof an integer. Fiducial mark reader 29 nay
W@ e@nonst8 t his data to fiducial mark control | ePCB0S2008/066513

this tinme, fiducial mark controller 30 nay determ ne

the position of the noving web based on encoded
_reference signals received fromencoder wheel s engaged
lingy. t1g ordes touatopety HBPRLtuRRIIR Wehnthe sYabapayzeecady be Hapsferred
betylcBR AL PPkl Pt Sh B ch ARt 3Hoctier PO, i the corret
ordeon|phits eranX8rrimgymgoimbiude wilding thentdbf intera roflashdfieving it to a
.harcode 80 . with the data representing the . .physical ..
diffR et Prss oG NG FeRF I RO Splan T S e HPRINE 110 a difforent

plainﬂfaQEi_E&HEﬂe@Qvi!hr}e taBasgs32.3.1 n one enbodi ment,
fi'ducial mark controller 30 comrunicates data to

[00H94] ysi s Aschput ér FI8 7ogesh od nmonfagtueing pedossrek 904§ may

. t ked kets. Kk i cat ]

R Dbt SR p oG 2 FIEhE Rt BERHIAK Bo Ry Pengese
90 ABYBIEP cRigt SiRGwel 9DH0REh E'w@g tifaticriRr ShABd1RWould be difficult,

_illustrating an exanple web 92 and exanpl e changes the
if ngs bnpesyibéx preddtedic As cerignpaeassses ABAFHIG oneiraty an thedwel, it
of .anagmal i . followed by the subsegugnt introductior
on g I I Rannsc i hclmig B E3RR A b P FlAE

diffiagtdd ing®ssibld td Bissovex angthalics antv&tact SbyranedrAst pto€ds in the final
using three sequential manufacturing processes

90A,

wehoBsanrrivel el PEIpBHArtHENS ProcentarPYC may iigpegdhe web at least

ondl Eﬂefébg%ug& Utd %Qéﬂdﬁng%he Forl1RE HefeQaP ARERS ¥ach of the
actu | to be

manu re the we web may nee
mahtfansiiap pectckses ween nul ti pl e process lines 74 to reach

t correct .processes 90A-90C_jn_the correc rder... .
Wﬂﬂﬂ?k tra g?%ﬁféﬁwgl 96%%9}%8&&%@ @ﬁfﬂL&é Ufﬂﬂ%()&%) is
ini{iélU pr%@é?;séﬁ)ﬂﬁ' rﬂ&uﬁtctﬁrﬁlg%rgéefs£ 66 82t wRIcA¢ERSa J_;e't BEfilitkidiMarks 93

sarfe manufacturing plant or even shipping it to a

to thic fwabro@ntAsphhawn, thadiddeipl mukd awi ashignebsplectifidro ofF$3S145P,7 and are
3. [0Q0101]..As shown in FI 7,, each of nuf act.uri ng. .

PhicHl CeE B GO B Ay i o ey S 8up PaRGHERT LeoRHingd in

rmﬁ\%ﬂe QRit ofeta iR ddRTathin®@ RETbURRAVE Sfifrdts] MEriAE ALHSLManufacturing
90A-90C may change the web 92 in such a way that

prasgsy 90y, adhisireat ¢feanomalied HeargickdateduwithiniwebfBtand detected by one or

moirgﬁﬁgfciti%h?y t%{g&det ect. As certain processes 90A-90C
operate on The web, the operations (e.g., cleaning,

[00003f | Ng, NekE webMYs cltaing &voral 118 tive rélsWayR 20080 ans kes20051) for
it difficult or inpossible to discover anonalies
pracatsingdicesrcayd Bxneasiuriag PpcesedB. i In thip gracessamehdp is wyvound
i auf i A-
ToriERE TR (86 A br TR aRELl it B BRSR AP AOce 0B, As
shoveg anahiufegtiring proesad 02 badiatredicb lasechndi sagofemomabés 93 A
es

subrggtnouff tﬁg }nliltriaill %goggl?e%%%i 1s 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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[00102] Specifically, in the exanple of FIG 7, a

first roll (Roll # 1520098) is initially processed in
WOorewalast&iri ng process 90A at which tinme a setPOF/US2008/066513

fiducial marks 93 to the web 92. As shown, the

fiducial marks ar e assigned identifiers of 693-14597

and are_physical "registration narkers" that enable

scteif apepeifis IS Fattasubsctind thecangmaties Y5 40161 #edeicptabigl withthe other
B S G R e
[00465] of adbmplobiesmapH aliewvcthe &ioatanvinidly datadlondeacarnd processes

ted by e or nore |ns Cti n st ens. 00103
904@&5 pgtzﬁ ysregaﬁter% wﬁao? qe819e8 G(W’@l)%ata
ﬂﬁb@m 9@ 94 ;ﬁa[y 195111& &g@&%d@a@w@gla@&e raqtarfﬁmé&tn@fdbfea data

ocess rocess i's unwound form
conrdtwondlhg ® amimfned segmttﬂ’n ef wpb odli 7 érodi a plutdlion of prooesgés 74,

wh R s AR SR e B St n . HER S i BFhsgated by

difRedht pPoo%bH% &4 1§Uor1tebﬂfy hidbéibRl vaoiBbth@Fal Qe bamSphylslcal locations
detectable, with the remaining portion being hidden

ontheoweh Wethinthp acoepehledglsranns & crivale mhfa@tnumsﬁg m@p Qdeeanversion

cor?[% &%&%9 41%%)9'%%],]335 S n%lrlrorr)l%zgiﬂéesmfsglg% anBrna Ly (ia\lf]\é) frgl% ea§h process
90 xe90C dadludinp Gogitioe ess @ detectad atnbmah@i BCRGBas puediod Yatasfor the

unwound formthe rolls and fed through manufacturing
ﬁd]a‘flelcre%s §oreadfluring cash ofi thaprogessen te W%@ﬂl tal?fqnﬁ@ ifch# degree
R e A e
staatwrddbgres oﬂé’x@uraéy mlyst&t fonfexdrhple anohial 5 as. %#&,glsﬁ‘éﬁorafaéhng

Ougﬁtﬁeq hgg 4%4{’ lgﬁ@sg‘?lg %gqrr%lg S ﬁ‘?ﬁ? @l @@j@e ool a high
de@%@é}o@mﬁ f# 1807, At e%c'%%@% @&@'mMEMdQ@élﬁof the

rom each of processes 90A-9 once spati al
angraglics Vérdettcted dycbnmopdctian sgbsters fomralhpag@mgaﬁé Aomal y

. Conposite na may. i ude, regi st er,ed .
101857, or ERRar  aG OB dowhhisied B BUThAFLAERES pdaRged t
acdept & reRENMNindRARNporibn WERch Ob Iwhznfcbmr@l ht ftbiifitd ffished

processes 74, wherein the data is ali to wthin an
progigetepCapipesitomap Shewy aftede used tagselestiy M@ptame?@ gggh individual of
the%%{ ?50‘?%5[’1%89%2% g(fcl s correctly associated with
1 g same physical |ocations on the web

[OMIOUhI n the aﬁ%&&lﬁb&bif@ Wl @n8ivE &f a peintxdedicait pt€ern, an anomaly
03|te map 94, conversion control system 4 pay

calgsgﬂs& 4 gafrf maayRerngToRgOYSHECqe R, &Pn%&iﬁ%\wt%l@{ %ﬁursmsm Bggnna
lat& Hﬁ’&@e%sc‘ tl%) Sba‘?&) 9121?1 b %&{Qa N8 949% 1gl@E@Lh [V\Q#J kgﬁ%l@éﬁttﬁéj short
a

omali'es as as p03|t|on
undaecdsb1Q 3By ﬁ&pedmgnhlig v&bcdmce)ﬁftdzﬂ"the pnooesfssﬁ esintingtha conductive

ifi t ol er.an ee of accurac
mafgl byt B Bffoisctrae g Cinigp h fheg Pl ety i hblegady time o

det@fmPe 2hdiMis éhorted 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
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standard degree of accuracy may be, for exanple,

wthin 5 mm A registration falling outside of 150 mm
W@r00aoo4818 6 i nches, may be considered "unregi SREF/E82008/066513

because of a high degree of error. As shown in FIG 7,

the exenplary conposite map 94 includes all of the

anomal i es 95 detected by the inspection systens for
Progupt ispered em tb@AO@@éprqd@etﬁ%])e delivsenst, befoppddiyery is ever made
to 9658548 ng the conbi ned anomalies may be used to

accept or reject an individual portion of web 92 when
[mnﬂﬂyertlﬁgSSHQ&mmb&BmmgnﬁwnmsmmmmpmnﬁmhﬂsnmGmnﬁmamnml

al so be used tq selectively opt m ze each

DTl SO TEH LAY B UPICA G PR s oA copigonment 2 (FIG.

1) L0 Ofdso igat i aﬁ& R ré st@nﬂ?&h %’\)agfﬂﬁﬁ $rof a Blupe[lit%BF&jlfferent
CIrCUIt pat t an a 'y causin defect may be an

nwanﬁonmm|$npmandndﬁGS@ﬁdmnt&&ehmﬁm9nmauﬁcmusgpgwam(Unﬁane%

short. .In l. a proces e
1R B g GRBRPR cOREHTTAREET (M Bngrpe st process
detdpaBteghaRd®ial Byark nwt@ 0O 1L3W7R88ER, (RO Gt ?fdc%s Wwilll&ecord
process of ﬁrlntln t he condlctive materi a

ﬁdb@ﬁlom@rké‘déi% g 11l e’ ebmwiliikewibe 1f the irsitoorcess detfrraynetséhat there
is SO%I%I l?1'1 af?er n?arL ? 4”talt rrE‘sottloon ﬁeg@é f%din 1% tthh ?frst process will record an

regl on o Ive

andrh@ly ghpoditidrs] N3G, I@Sﬁil Pl riadivele! metﬁrﬁthﬁaxﬁmming pr@ce@bﬁlay
final formof the web due to the opaque, |nsulat|n% .
trapgaie idag. 1o AgeeIdEatesYivicbgclined b Icanyrsgio gontrol sysigrpdr In cither

cageh%rﬁlo%gl%ﬁnufﬁé?&l@oﬂggy&g ViR edTBICEH kR pRL d%@ieé{lﬁg G system

rint, causing Feuit to remal n’open
so that elﬂ pmcpdses:a'elaotmnmfticdm spaaqlueswhlcheﬂoa&bdl c vvoul d meke
Due to the inspectio

bl
W‘H@?br ot h%:f?%gﬁlrjlé%tq%ﬂ&g&:q?}%h g}}bé?‘lé’@fl?linénu pHHdNg RIOSESS

t@%wﬂ#ﬂ & 4 h HedadBRY Bducial mark
ap TR {Bvhl SEANEIE ot CbooRein e H AR ¥R LG Ladl STRY Alducial marks

andighcipoeitipns ssseciatcd ncatitteth¢ 6decidusarbsrend at{owlll@sjn dAn@8)er 8inilar to

and. 8B illustrate ar Odl the f
theRRieEriogs Holy e B GER AT oo Rt Reec e R these
suBsB%ldﬁEhiéﬁﬁﬁéct@ﬂﬁg pRIZERBS redofdFib @ffelént \fﬁh%f’th@ﬁi K82 Ipk $bRL4. Mhese

spatially registering anonauﬁ data froma

subseqircal progesses gremdhedistapemef bicinl magkspnd caemali¢spyrpalying a
tra%ﬁ?g%gaglgﬁgﬁcttgg (‘:[éo ?@égt &g?gllé%sgl?%#&lkta%eg Fbg%%soi tfléJ ﬁéttal oPtalned from

theci@@iatiproatss. IysitiethestRabsclytent irﬂanhfh@tufrlmg $rodeERE 8§ Sster position
determ pes that fiducial mark "7684" is at 11,6367.885
datgbyttrpasiorping the pesaaen dgta fromdhe %Prfhmat?csw%r?m% pkthezggant process

%Hhéé&)@&n%%x&bmldf KR RE1 gfocestsh%s 1{1,15& X ﬁﬂgsﬂg cprnglétﬁr 28 for

eterm nes t there 1's an anomal
theamlbmqseﬂtlmnnufabnﬁﬁ& @é&essN ushepdsitist dapr mae dsrimg thie current

ecord. an ano posi.tion 11,6 368
maml SUHRE p\mev ta @veﬁ liap dqitialnosiion dafa, fﬂ@%ar%@s@uﬁﬁvmrks 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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translate data to a coordi nate system defi ned by
conversion control system4. In either case, every
wo owalo14sehuf act uri ng process i s referenced to BCT/US2008/066513
pre-defined coordi nate systemso that all processes
are automatically spatially synchronized. [00109] In
the exanple of FIG, 8A, each subsequent manufacturing.
copHeREgy RIS the positien ¢atm for st wiavantdidigi gpprks and determine that
Cdi T . ¢ N :
on SO R 1 3 B e M P i B S o TR
fidacidl mmdEl 3’ emdi ‘1148 bunameffse ioffi (108 m sleouldee appilictd &b position data

PSR pRiaNSTy LT Ry L e s aormon Ts
linBr QTR Rioh OF PlichBortbf ikl Nald f80rs Hﬁgg)r@'abft)lﬁéed.

process. These 'subsequent processes re d
[0di1$} ance AsfanbihduciaaipleyahdkBrsamdnanamahg pecbys rapplcyenddidacial

t ransf or mat.i o ction to adjust t nmeasur ed
maf S5 B LS e bRetht Bhmsate TR ERES Nyhergyer. may
recd®f P8 PSsitidh of fillfoial AR €6 FURSIQABSH im, R W SCIFUGIING. The
processes register position data by transfornm ng the

sufsegiant manefaetring oraceiseN.cverrdingde en sybpdimant af illupleated in FIG.
SAE: Hal %Htusplgso&;a%c’ g’cc%'&éiﬁ) 1t I‘?oe e%gr%rfgdu%%tl %aﬁysé 1B %fe'nt h? nt at
|n|Y|a| process. %%pu{s, an anal ysiI s COﬂpU%ég)ﬁﬁ

lochBién 1 Te343uBs ety sisrdupatd 28 iofl heBubsgasntNnitspsration may also
position data read during the current manufacturing

adigpiglagsabont aroragdics detgctpdpterhis Sisurie] arkdareflgchrhis piésct as well.
FoP & ld, IRk %bs%@ﬁéﬁ?u gBBerﬁt?(ﬁpc? éct% Sh Aldndi mﬁtgﬁtf.élngrm, analysis

coordi riate system e.g., coordinate syst
compunaf 28 tay iutiizgtho oéss of .1 3im té hdjastekapitton ¢fODI &imaly,
var.i ety of t\ransfor.rra ' unctions may be used. For

on
recgyding it angyaiyiat gsiian i%-%ﬂ‘fnhe current manufacturing

[0AnQF €SS Nl{Fﬁsym%efr,r&_@l%ﬁh{{ﬁgtu%g?rdc%%%ﬁlthatv@ fddub&s spRtially
gl obal offset, that is, an offset conmon to tphe entire

regntdred docabanoofal s data thalt cullaatdeoh 4 oomeao lvosEgrenty sef. aAlMehatively,
et ween, two fi dugi rks. For example, the ..
os ARAEER S et YEP & TR R Rerai] B Bl 8%y ot milar
tecHalgae foPdpatifey Feglsey ad adohBUcd Al BdihSr e, @At &kithRBntrol system
that an offset of .004 mshould be applied to position

4 rgpat eolleefrthe lnsaldnoaw yddate endgiolsahedaim a§ hepiegast anparaks data for the

v 13 . " f - |
L AW A
an®Bilws €ront thdwataadathaekSorn2Qch maalufadliring pdaeds by, for example,

fechniques, such_as |inear jnterpolation or
utiigpe pe 2@t dHNGIon| iThatis, copxrsion geniEelsystamyt 1Ay Esprd @ypnomaly at

a cbQ4 é&liti@ﬁ‘ o AR é&ﬁ{d)ogi:f@aﬁg gfl’ ankg)‘rﬁﬁ foT fé%,tprgc?egééfs Gl dfebB¥ed that an

process nmmy recor position
andrd @y 3¢ Bresant A thatywegioand withinudreatceptalilg dpgroe eSaccracy as described

o SRS Bl S5RLS LS BRS ShEP Pk S B S
cla?% %Wgﬁ}gﬁlglﬁ—ﬁggéu%d 1ACLRI RiRRhidOviRth & FRRALMBAbMAR 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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8A, may adjust its data accordingly to record fiduci al
mark "61" as being present at |ocation 112.343 m and
W@rabPsisss conput er 28 of the subsequent unit OPEF/HS10081066513
may al so adj ust data about anomalies detected after
this fiducial mark to reflect this offset as well. For
exanple, if the subsequent unit operation detects an
ph hsmfamc?tl@t ofyfigucied magks adAngERlcs arepaewdcdwithugspegtity thie
e O Tty ARG URRP b MR bl i Bishea. or
opm&nyz} positibihda aragved feanhhmamﬁfa«cmmg PO CERSE; esivversion

wi Il have produced spatially registered | ocal anomaly
coRfral §Vyie %@Sbﬁ@%&% oryd %f%ﬁ‘%ﬂ‘rﬁg%%i‘ﬁl%eﬂtéo@fﬁ?% ngtoa
cothiof"cBaidined steﬂrc'ancdql%‘é@ td Qetfepeﬁe g% J)s?’[e%flaﬂ: Ife BBrposite map
conversion control systenrT4 apply simlar
maty@ompmq@ell p@vwaltyl re¢drged dega Enteesmglh eoadomatd s;ysidm; a. In
er c conve rsion.control
0inal"T oS EsRARY R ShuRE S SpetERh B (G Gh prwecss

ma?fi@émdi Yide@hemb@r<ci her p¥eRionGaNRaB $h BNdLMatd 9. AX shamié
hen fornms a conposite map showi ng the aggregate

comneianld @s§0¢1at@dwnhea @éﬁ%ﬂug@ttrh@né@tmmre%h however, may record
the, posfflo {dhplgl Igﬁ.]%c%ﬁs ap f/lgog;] 5\%;@,2%120:?582 o§ % Zfl{e%u%ﬂequent

maﬁaﬁacfuﬁ(ﬁg heb sk, ammahg tdn @mb®tifnadhths POSstiatedin 0GB may record
conposite map if any one of the processes have
fidp@glgperkd od hag beaﬁg arﬁé% i 11283 Xy @s éyisome tiptedptepsenysrgan control

systéin Wrﬁ{}}e%:n@ﬁteaa? &si t ]%(%P[g tagﬁg rv@e hgf\{}&hﬁ%g W ¥6 PSis recorded at

escri I'n grea nver sion control
112,943 sntekimpintcadcsourt e 003 nzelfichend acemadinglyydplsass all poetion

s GFTATHE SHBRBIA)1 PR KB st gl e ek b1 B e, T the

su&@&@e% todeR rEQRARH dh ?ﬁ’lroﬁggpz{t 11 Q8% %]COE\L&'\Slo@ gontrol system 4 will
['ust r at es anot her enb nment in which spat | al

reqoe;gnhsmpatlom nf the apemﬁlcyranréw é%meeslcdnyhngo ghe ofitdict hti h013 m.

con er.sion trol ste thjs di men each
ARG, Tt af PR EpT ER o o Qe R FER A " Sk,
cof Rk LELOGRD] bfsFer®@WNitiGOQ LNiNEt SosrimbRBystEMadnditinslates position data
posi tion data gathered during each individua

forrfidvgrahevatksi ang apem@le@sto thadrelasoardiapieyybienl Whascenristing the
co&géjslﬂt%'n[?vlpt O@{rﬁ%rs%d 08 e%r°'4 m% %u"t rogee%n\@%att@tfhte composite

SpPec |S|n vid coorlnaessemA

ma@lﬂor@fhetdm gwmécaﬁrbmrdaelgpﬁfce@et@auimaﬂ@ afnl‘m Sfu@ctio0r That is,
optionally as position data is received. fromthe
CORMERUP RGO ?ﬁgﬁt%m goel secord pppraanaly ahe et msﬂwsqneﬁl%ﬁ gomposite

rnag Mﬁ; (ﬁlet&%heoﬁ§ﬁﬁfh&ﬂn9€%l%c%§ SRk lreé%]}detdhtﬁat us g@h{}'@ present at

ding to a common I nate system an
thagpomnGute a corrposHe rmp The corrposHe map nay

OGP, ey B BB S SRR o
fackRBAL %ul%isprg&brnt Sndrhd1$ infORMHAGTHH MG RE BRASMcturing 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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may record fiducial mark "61" at position 112.343 min

dat abase 32. An anal ysis conputer 28 associated with a
waasegsent manuf act uri ng process, however, naRCT/ESWNE066513

the position of fiducial mark "61" at 112.356 m an

offset of .013 m The subsequent manufacturing

process, accordl ng to an enbodinent as illustrated in
wipging, t@Bqufﬁtyop amyipdipg gudrerrocgasing ofgyebs égayb@uﬁf‘gthe webs to

m’!u]r%? | ater, conversion

Strég[glﬁg‘rﬁg‘?g syste lgﬁﬁnﬁfac@klg ?%egéeggnpom te map i n which
[0Gl1duci al Thadifferéices 1mpds&mrdderbea\t/eéh]ﬁaﬁﬁ8ctmmg @lotasges can

i nt.o account the .013 moffset,. and ccordl n
causQthFsRISHIPnAT WSV PRI oWCly At anomadiss a%@e Bt é%?agu%ﬁ&l one

coGRIAR dy8R 181 BRb AN it AL th@I{Olﬂl& c&ordﬁf%fe s%r)ét%ﬂpa{sed web is
I'f the subsequent process recorded an anonal y "at
tragredd 87., fnd thmugb thei oanudantiyning preyess.en sbnwi dakse, ipesitipal tdnféerences
osi ti t. 112.474 m a

in G W% bk R Rde g Grn WS B GE SRS Sretfeea 2

mcRgs WS sudkSdifftRAESAFId ResdR TR HisBRpaWy ofN4RAY b&e&ere-
conversion control system4 utilizes a single

regessatian hmaéub%@gtl@mﬁdn@ak matks | Tees, t;,h@s friftod navesad by system
dlf{‘ergl}C%S QCI' SS un ol%)eraqP%sn 8 ﬁsu%fc’ln a%s utt?onsl:),fgs n&orgoelrgs ?0::1 ?41’111’11
w@&rahwﬂlt;smﬁgm@ﬁ%nnayo i%ﬁ%{)éﬂ&ﬁﬁg oe tirRrddtendefom the most recent

conposn te map from t he data gathered from each process

3%‘9 @tilizing an "or" function. That is, conversion
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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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factor as described above.[00119] Table 3 s ggo?h 0.000
di ff erence between using a sinple offset |cHednt ¢d-§&r| 0.000
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di scussed above. In Table 3, the "distance from nark"
e
deg@f ﬁl%;@%na dﬁc?\}/{}hlagc t@ég r&é@&fa%%ﬁﬁé%%?@vemg})v%ncqfef prgguction of a

web/ Mgitiallys atchsomhief, be b 81af 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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systarp8)mayTipatial{ysregister threanoarhl afamappouess, fpor erampde arlgiear

traﬁ%nlla%%h fRﬁc(E%ﬁS@sédsye%bﬁe?&ﬁ EJI](? zﬁek?alf w{}p tr%sggcq N§ BI(% 13, 14.

I OCess

[0012BE FI€. W) is adlusidheart 11M&aﬁiﬁg @;ramq:ee speir@ndn @@ﬁeﬂw 6%%0) .
[00124] 1f, however, the conpleted process line is the
mangetusing eEacssy e fqr ingtgCearRsh ligt 74 g nitiplhe pigagss line 74A
)N I
e RO 810 SRR o TS A
frosy@ﬂﬁmstbnejoatrbksynmnm frgmctberprevicza pesceskdire, fc&rmkaap]m progess line

74&6% oa?rll ? cpggetrﬁfgn t&%ﬁ(fﬁ g%{%y gilge}?rrov telncl)srt]rurctlg ns as to %hether
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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1nf@hﬁaﬁﬁﬂ)ﬁbb@t\’[h@ gdhdifuirRb froBy Ksucidl nﬁ@l@féadm and transmits the
i nformati on need be provided. The application of
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databsre82g127)ne 74A acqw re i nformation regarding
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mar ks he purpose of clarity.

fiducial rnark the position of the anomaly, and the distance from the fiducial mark to the
anomaly in database 32 (130). In one embodiment, analysis computer 28 will adjust

positional data with respect to positional data received from conversion control system 4
in order to maintain a single coordinate system for creating a composite map. In another

embodiment, analysis computer 28 will utilize the coordinate system local to process 74A
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ment, analysi's conpu
infomuatinnatcenfeys tcemsﬂnglea:lootqums mm MAmmﬁommenmy mduce the
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weB@¢ess |ines 74 have fini shed processing the web, as
di scussed with respect to FIG 11. [00130] If the end
[00382} Hatheeturiresthe otultheavessd acheoductibdor bﬁt@tmﬂtprmess_ﬁmf)s 74 have

finf G U S GeoHtal i areehpieih ot b RE Gt ) systom
4 red iR tﬁél'o@alfahgﬂﬂﬁlyahfdmﬁﬂfo %&dﬁ&@ @"b@cl@ﬁfﬁtﬂ@es%ﬁeﬂ"‘%(l%) As

been reached, however, branch of 134), analysis
dlS@@%ﬁp@b@@Wz@@ﬁtsmmtr@hwst@m Hanghies and eoryierta e lpcahapomaly
bR T AL 0 D RASBSS KR O 0T R «

corfimoh 30prdinOs3tim. FAEer cbhvirsioa cohwellystcin 4 hdsusﬁnreaéd A1Yof the
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datgy it abignsite data i @ eraresite mapgH dhewabiihiahyhas Hp g sepdinats,

systtgﬁl Swfﬁéﬁ‘ﬁﬁbrqnat&ﬁ 1|11 -ort &lé%?%gt&@}dlﬂté Sfbféerrngsr &35?3&1 %hfg{s%.

74 have utrilized coordi nate sy
[00d38h GuintvhiGign qoegolsslystam @heglmbwetrasfmg the dmuaklamlabmnformation

get?e%‘tteé 8y thse fs rtsteprPogfesg na}é Ifg %rnrp? Ip?otcggsshﬁehﬁlA 814% ’?h rfrl?st process
line may or may not be the first process line to have performed processing of web roll 7.
Conversion control system 4 then spatially registers the local anomaly information from
process line 74A to a target coordinate system, which may be a target coordinate system
defined by conversion control system 4 or may be a coordinate system used by one of the
other manufacturing processes (144). That is, conversion control system 4 processes each

anomaly data entry and adjusts the position data using a translation function determined
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theSdadd 1?1”&164 ¢ sﬁt@ldleﬁécf 4%;(?{@_ cBH@eré”}&?gﬁhy i nformation

in a si m rranner he spati regi stration
[0HBpLIIE. 1113 ap[ﬂxswhartnhusmfatihg] epantorsl fgr parfaymingt 4 bmeaso as
ensatefor avrle of fadé{gors i ncl d|n t hat
tra{l“%%“%é R\ PORLOR 6’@&9 PGPt P mdgecw CSatsEREnPLe,

protB& 1iRS 78RYnd 74B. Although discussed with respect to conversion control system
4, analysis computer 28 may also perform linear transformation of data collected by the
current process line. Conversion control system 4 may need to perform a linear
transformation on the data collected from multiple process lines for a number of reasons,

including because the web may have stretched during processing or for other reasons.
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have stretched during processing, which nay cause the
positions of fiducial marks, and |ikew se anonali es,

w0 009at481$ rom t he positions recorded by ot her PCT/US2008/066513
processes. [00135] Once finished with all of the data
fromprocess Iine 74B, conversion control system4
det er m nes whet her any |ocal anomaly information for

[0G132] \feaneradlirad Hacag Hpaypapatioads pseddy mapfdatafegra opg copsfigate
sys?%gmoy%dlﬁfef%ﬁmdr&ﬂatte%gﬁgmr ?1?1[11? %{ g;%lé a Eﬁﬁlyy {‘ELSHS Qlfe linearly

en conversion tontro
trahsl’fernhecaicfabm atreorekdinato bysteraol pﬂ)cé@rhnte tvéBpo die ﬂ&ﬁco@ﬂcﬂﬁé‘[e system of

ands |a| yre ister the data as disc ssed .
Prqcespein ) n% digip lmﬁﬁref@%re?%méaoeﬂla Fyes W%%dntﬁ Fash portion of
We[,e,gg,g,ergﬁ,twg%ﬁgylgfma&sj\lo branch of 150), conversion

control system 4 generates a conposite map based on

[00138] Jjvat,icahvaragn sorgrod dysaero Hattyichesf rolevaitidety, frate bethmirness lines

748 SR AR AbR 0 oind cobif? Fiom P et Hag PR P8 born process

lin€&OTMEhkd TMB & doBsiBdred 84 BREh Y ilbné he Wdvihsheshnwedirde@bh. This
10. Thus converting site 8A maﬁlpconvert fini shed web

may dfe|neg@sirpitdye pr b metura ofn wele nlbbaigg woundendaamveound, tdehat a
glvlgﬁ & oc%%t fia dﬁé 1i-mtrl"l'ael?th? neglldlt nt\olg [ hef %{1 theri @g ];)%oesc]ess falls

owchar ope ations

wifhét the 01y @oﬂvlefsecaf coﬁltrangfswfﬂmmagmewﬂmms;hé tiegctidatodthe data
collected fromtwo different process lines, for

aceoxding fethe fidyeiakmark dpgas T g dagidivestion Apesyisg @W“&h sNsEdRN
COPMJI I@ﬁ{t ngrggy foglcﬁﬁg Y@e?s' 6{5&1619 bt 313{685@[[8% n@%@es)ésﬁn?s such

0 per I'near tran tron
thad dteaiataodhteeable chaboped. him cﬂmrekanplepcmefsmrﬂ dongrol getewes sivorses the

contr ol stem4 may n rfo | i near .
g AP TSt Hemcae snCel Feerbdof ekt thp pgginning as
agro‘é&ﬁslﬁtﬂé ﬂ’(‘;?v%axfd%sea nunber of reasons, including
ecause the web may have stretched durlng processi ng

[00339F o“&ftantehmrmgehadhﬁsde[t@ all‘iiwmg;enélﬁ ahiny directlonrfemeach process,

t ransf or nat i I § use ta . fram qne .coordi.nate
cor{s B TR e FPERERes st b g SR ARG Rfkgh 2ofmon
beteBAPIRessANRETY X aRQTUBI (P61, Uo‘ﬁv&ﬂsi’(‘)ﬁ%bhﬁ‘oltsﬁlﬁeﬁlfépfeﬁ&@s the

fromthe coordinate systemof process line 74B to fit

pogitien ebidrsansrhitag reppededrhydfrognspies A (He) 7@Anvcn&819n sentpd system 4
|
i BERL, hEBORARI IR B0 PR BRI IR BSR4 160

Colrir¢rsibn comtivI8steant 1¢osts tle dffstada Bbt\lv&tnrthetw@ fidedigivadarks as D,
data from both process |lines 74A and 74B (

(168 nYsxts P CEURT sdiirok sastcans Aindm thgiosition of tlxemsxgj%@%l%l sk
wi 9{ ﬁﬁe Hﬁ%qafog(ri]%d %o\%ee%h?lﬁ é?lég%da)tscmg ‘P&%ircgetfl@ glff%fﬁ%lce betwyeen the

oriente me direct
malle amkthe $Sfmiopsdnmktxxdtlnirh&lerdatamf@r@n‘essalmmTﬂB msi the defangnee M, (172).

{3 v miog ORGP st veen o BB 4G O g e scalin
facdt ISR rOCESE dh@ |pbt°nt between the two fiducial marks, such that SF, = M, / D,
(174). Conversion control system 4 then processes the local anomaly information for
process 74B to determine locate any anomaly positions which need to be scaled (175).
For each anomaly data point recorded by process line 74B, conversion control system 4
uses the scaling factor SF, to transform each data point into the coordinate system or

process line 74A. To do so, the distance from the fiducial mark to the anomaly is recorded
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within the reci pe. Conversion control system 4 may
determ ne the direction of the data according to the

WO o018 mark data. If the data directi on doeRCHU$2008/066513
mat ch, conversion control system4 may logically
reverse the direction of one of the two process Iines
such that the data direction matches. I n one exanp

as HonVbisglissnce entseeled s ddprmning\pdy 585 T REn dl et leﬁat% {he new,
bh t

adﬁ%{eﬁ g&lftnﬂg A {(ﬁne g (acgrln%%o?ln"@gotoggnaﬁg sg{ncl: &?ﬁvéﬁﬁ? CQJ%tlrol V\gstedm 4 adds

thecsasled dfsB0E89D; #f the pogtisiiof thg fidheitl mik adat@rdesl Hyl pracasgline 74B
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twd ﬁ%&bl%a&ﬂd‘thﬁsr}n&ﬁm% CEVRRAIRN BGfRDE s§z§té}§§ tﬂé}fﬁ@d@%e next
62). Conversion control system 4 records the
ﬁdpclgll mar&nn ebmprfvnsindeedcaashe pooesd edtibyo poocfedwidl inmeks7aain
164) nversion control system4 then |ocates the
Cmé PK “of the next fiducial mark as recorded by

[00A4PF &Pfeelal (RBorfdhes(beBOdon tHMRVRD FidRBiaLRAREKS %vesbfe%h%ﬂjlﬁted
records the difference between the two fiducial marks

corpsTIipn (o) sy shga ,detﬁﬁnm@s sihethetis hey whchpyddheendofithndaa

[ n 1zl thin t at
bR ABIR 0P st Pend HE TS0, ol PLihlle R ayee

(‘NI Bfahemsﬂ Smtdmeﬁsioheoﬁmsl&yaeﬁh 4 -hﬁl fifi e @asitiBROK the next
within the data of process line 74B as_the difference

fidygialmarinas reqonacddly qashoEPOPey liventtoRnd Y4 apd arsesn thee
an%]nélgr ALENCE dB% t@% l{x(gth{)&) al%v%athem@ev%f: ?1} ﬂg@ gn(i fhQ rdﬁt% F3s been
or - each I nt ,

ween the two’ u0|a
reashihfot hﬁherﬁ?m:ess llh’[e (whikh 1fhdy B9 podSiiky éucsto@nveobingsplit, combined

Wi RO b JA G TREEBT e REST e BOD D LSNP Conttol system

4 1RO ﬁhfsh&f‘%éﬁﬁ&%n%ﬁﬁ’mg@h@ @et%‘f%lhﬁds& e"o%%}rsm%%n&é%stem 4
anonal y data” point recorded by process line 74

cotomeewsth @ther pritcessings g mndaribsE&ledrmusgahw Qaifr aé pcess lines
coordi nat

SFn .t.o. tr,ansf orm eac into,th
74 omtifing AR TR Bt eS 1R R Mt i GRATGRRG e sites 8.
[oo‘mrnlh Rémé b6 diadentsal hldd@hﬁ%w mﬁﬁay gbSerht8 GAE dLahdte
This distance is "sca y determ nin

oS, DT (5 TS Ao Hiona T oS Qs8¢ pbHoughout

th {ﬁrtaﬁgré nﬁ&f@ﬁ%ﬂg Opg%eg% ﬂﬁ‘éssc a[ﬁerr aglﬁg\e/(? r81t% the
maﬂ&ﬁid’tﬂcﬂﬁn@feli ﬂﬁ@y b dsealitalspariatll r@gﬁstéletthe pagtobyatp faaks different

Ilne 74B (176). Conversion control system 4 adjusts
ManPRCHEEE PFSESOINCsa bR BT B’éﬁWéWn{lﬁ% érafl%emaﬂon may be

apﬁlieﬁqg ' tlaﬂg &@ﬁtéﬂh% Ebﬁ? zﬂg ? e thfgg\gc\ltﬁgl%is o@heremI the

CONtr o he "hext ucl a
tran&funmmoansjcaianaadi ssihfy prepvrcmmmnemteidl matbermatroal fbdels bfdhe web
re in co n (179). [00141] Once all anonalies
p“ﬁ@?ﬂé%ﬁwﬂﬁﬁgﬁg?ag?FF%E?IaI mar ks have been adj ust ed,

[00143] FIG. 13 is a block diagram illustrating an exemplary embodiment of fiducial
mark writer 181. In some embodiments, process line 74A may include fiducial mark
writer 181 for application of original or supplemental fiducial marks. In the exemplary
embodiment of fiducial mark writer 181, fiducial mark writer 181 comprises encoder 186,
reader 188, writer 190, and trigger module 192. Fiducial mark writer 181 is typically

positioned such that writer 190 is near the edge of web 20 such that fiducial marks will be
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conversion control system4 determ nes whether it has

reached the end of the data gathered for either
WEe@eess18 i nes 74A and 74B (180). If both haveP@DD82008/066513

data to anal yze ("NO' branch of 180), conversion

control system4 wll find the position of the next

fiducial mark as recorded by each of process |ines 74A

Wriigs opisile i dhg yalabds yenpt web abohidugiabimark waend &} pagt Wite an initial
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lines 7 conhi.ni ng, da fromprocess |lines 74
mapk §iRon 18 i R0 B bR Ry o R arainfnts depicted
in FIEKL4A] 5BNoSAMR L HRLK WIBM 1R can BRARIIIMA 16 REitD 8 QEFFETBint
enerate one or nore mat hemati cal npdels for the
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I, 0 ral i facturin [0 S
(0L 4IEDES abs R oBiihYa G o BRMACH A BPEERRS 1pon
(“oRipeet sidasyl makg $82°)t Thstistdxadting fidagiabinerkst1B2 weesagplied to web
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18¢’albeui/®hedlstlﬁg ﬁguqaalanankm%g/ Eewevm fedhicivd heekmatritardl8 1 is capable
of gppﬁigl:ng élt%];t t%@y\ﬁ@%}uc%l QQCa%%_sgl 8{4:‘[5 3\}05%8 V}(l%}ﬂrugg ls%nrﬂf %x1st1ng fiducial
makitd 143t "l g rRtha8YR le;vﬁér)é t&WRRdk ABRtHdAE af ﬂnQH&b AlsciREKin

witer 181. In sone enbodi nents, process |ine 74A nay
graatec edd Withcngspeat toffOk 1w i t er 181 for appl | cat | on of

i,nal or nt al Ci mar ks
10G3SFLIT 3 5SmSR B AR o6 PR g% 4 Bpee] Gpssed firmly
agdihglied R faB8H6KwWS DO CEndoBdr CEMEY &@ﬁsnﬁﬂ@tpé’f%dé{%ﬁﬂserfﬁﬁé’&h partial

188, writer 190, and trigger nodule 192. Fiducial mark
revgiytioarof tgwhesl to/isicean ngdulod93.i Beger sinshile Watcapmaasyre the

c
sy P RO G0AE s FER il o8 el LR sl MR ugoronce of

thewelccR Of cdcbdércligal PaBetanyle,tifthe Whkelid ferindntithcteifs infditcumlference
set of fiducial nmarks to a web which has no fi duci al
angygirqeder HOEIvGsAn sRepder Rilse syery dundrsdthof ggotatign.ithen after fifty

enéd.dgf‘J heds é@#%%&d‘ﬁ Al dﬁﬁ%ﬂﬁ@%ﬁgﬂ%@ﬁ E[; hgg%ﬁiele

corr pte u0|a mar u0|a witer 1 ca
cersinsaers n{rethisae &y, ari ggewnsoetlcof92fdad mrmasure heer dd staipeet waebe20 s traveled

eX|ﬁt|n set of fiducial marks. That is, fiducial mark
xR ACEAClYs able to apply a new set of fiducia

[00’[@5]‘ R R, HLehy tindlar (e TRV EhakOR8IP AL dSREEYR FIG. 6.

the existing séet. Fiducial
In the exemplary embodiment of fiducial mark writer 181, reader 188 reads existing

fiducial marks 182 and communicates information read from existing fiducial marks 182
to trigger module 192. Trigger module 192, utilizing distance information obtained from

encoder 186, can thus determine the position of existing fiducial marks 182 to a high
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mark witer 181 may utilize either of the exenplary
fiducial mark enbodi nents depicted in FIGS. 5A-5B, or
WO o018 mark witer 181 can be nodified to WET/ESHW08/066513
di fferent enbodi nent of a fiducial mark. [00144] FI G
13 depicts web 20 with a set of existing fiducial
mar ks 182A- 182N ("existing _ fiducial marks 182"). That
degree okageyracn gy Prgepafigyiad Réth thpdigiapes basyroneancoerridp apdreader
lggt sonme earlier stage of the devel opnment of web 20.
|G 13 depicts fiducial mark witer 181 as
[00 1I417]3 rMragengoduls 2 afayrissruct plueteal 90nmrvkeste 3181-éx&( iRl mark, for

R oDt 5] it e craobarat 20 Agbger B read the
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hout a se exi sting fiduci al marks
pastheumiet madem]a&i%t diriggbr mhélule 192 mayirt@rd poetaorf 1nﬁcu’maabn about

oo, RSSHRFE HO AL S bt PRI ebis o

ink}@GrigPPHERS 190 WASRbm fl@eszﬁ?‘iiefvio%'ﬂa AbBOS dpplyihd€ fiducial mark to
iﬁr@f ace of web 20. ?Encgder 86 nmay %(r ansrgb?yané]encoder

wepR0s @ Of oxangd e privgar t1io8Imayespsipyise 8 taserf prirHer eiftedsivioedo secure
92 Trllgg)er nodul e 192 can neasure the
ance a?l%letwl%b StQO accordi ng the nunber of encoder

[0014BF €3G8N ﬂ4AJﬂl€1DIth’é Q)Mﬂ(&iiafgmﬁﬁs Dfustrithgnhe pbsidbnseyTeoieiig and
186, For exanple, if the wheel is ten centineters

insgyted: fidcia] aprrks. Q. b Histrateggn @W@@e HRCEHE BRYE ﬁdbwllsl@arks 184

arcOY &L gcéa%%ge%tahfuﬂfse@ofr e%s"ﬁb% du 1% flg? r III ﬂh te¥<a le, web 20
encoder pul ses trigger ‘_;L can determ ne mﬁaf

hast bect webxibiag fiduwves nedkd 182e Aseslhbwm‘m & IG 14An fitdheis]l manks rnay be

duI 192 ca sure nce web 20 :
negr t%&/%fgg& dae %Wa FQ ? ag?miaégiaﬁ@ﬁme
rurﬁl%glﬁefrylléf 't(mhle @R‘/’ebta%dtﬂ?ﬁmal Hfdsah FI@S kiah epaar oﬁ%ilstln% marks 182,
depicted in FIG 6. In the exenplary enbodi nent o

forfaxdmpleadxmtnag knark il 8%4& ad@dxistreadenk 1888, mends spaccd aaf mroxirnately

fiduc;j. mar k 82 an 0 ni cat.es i nfornatio
theg Bttt e+ s oY b Sh e S e fERTs. New
fidd&dl mdikk G beTREULE fdPSanyilé, lih 4¢doada6ts (v &Re method described

i nformati on obtai ned from encoder 186, can thus

witheesnest tad 16nkS. posiabledidustal maristipneither aubothiof pew Kisugigbmarks
184 %ndae gt %(g{c %@ksal%%% gé) P%%gﬁbﬂ% gonf' gured with

WEEN €énco feader 188.

[0([1@9]105113 IIZtB Q@l@ﬁatﬁpﬂué@nﬁ)%?wﬁ&ym wsH 20kds gct of &fistih@Fidudial
wite a new fiducial mark, for exanple, new fiducjal
magley 1821 ButAhe exipting yebeging laice Thet xﬁeﬁbe@os 2 RRACY O %@@82%% the

A P D AR O 55 B B by o s

fiducial marks, but from point 194 on, web 20 does have existing fiducial marks 182. FIG.

rneafla

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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passes under reader 188. Trigger nodule 192 may record

position informati on about newly witten fiduci al
wWoreoR®e14881 as wel |l . I n one enbodi ment, printerPdP®0S2008/066513

conprises an inkjet printer. Printer 190 may conprise

any device capable of applying a fiducial mark to web

20. For exanple, printer 190 may conprise a | aser
spases hY ethap thegforpatiused foy addiag ﬁléwr%jélﬁ@hm@ﬁ‘ls 1§¢. thhgfermag of the
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fillig: Vi ppages (13 maebe B sas et hsgormeio Pswifwgm m éﬁéa%Snln yet
andthiSenPBARER, AR 2AR83it& 138 twillfnofWkisd dfdori ducHY fadls in void
mar ks 182. As shown 1n FIG 14A, fiducial marks nmay be
spaveait 8% he oatjgepphf nevh8dwebl muksilde of sal abl e area 199

d @ vertical dashed lin nin rallel.to.
o3RG L Bt af oS Firor 0 SR BRE Gy ridBia
maBRd BRI, B& tﬁ@éi@tir%%%t el dRlea@¥% AMPAt §s, @iXdrS tsl APabBE K wB 20\ fidiththe

exi sting mark 182B, may be spaced at approxinmately the

staarrghadiveh tprromeayartt] 96 daws rvecbedfbowliirenttiet spagchhas cgisgnafidecial
e ut 2. [S. w_fiducial rk .
1577 uf D pOUETOER ot e d SRR SR BB RO 4 coptens

thede seidispads ws Void spsiee¢8s.t I drle@mbbdimdit) foabtandlé ddidis@lssed with
mar ks _for either or both of new fiducial marks 184 and

resgsqtde Fig 16i Gdugialimassmiierid) mpearpbpney Sdueinl marks]84to spaces
T e S
apy instvi filycmematiago neid sphees 1B atherestiduchg mearksshaukijase boen
b h f.th : '
P A 8 ST BB R B0k ALy mtch e
forhdadl Hpéﬁ;&tiﬂ@ﬁi&ﬁs 1906 the GLO91 Mhrkd 96t fAllng V& sﬁchg @8$ may match
have existing fiducial marks 182. FI G~ 14B depicts

newHelweialmacksdBdces as voi d spaces 185. In one

0REP 6T sl FEreoals v 2T Ty M) SFBne Raucia

maklksdIsi Bt tHBEKSa ddAinttRe SRATES iIDBLMWE B §Habsbh REb ROBUEIRh two
marks 182. I n another enbodi ment fiducial mark witer
poing11 My 98, nvhesrdn tieb R0 dwp Existinaniduceh enagks Harfikem thy ot @f the web
fi Lal S 0 -
o J9ERY RPGUAGES HORUELBl G5 FOPULG ARG, it mar

1828yt betfvictil poiaisd 93 pad €98, hHh 30 lids viohd dpacdstrathedihgh exigting fiducial
format. from new fiducial marks 184. That is, fiducial
maglese 1E TGy |42 flepigts thesg veidisproes ag veidspages A £ Brgpgrengrodiment, for
. . ' CLLi oi
cxibiat 2ol i Sagitig” B 7 HARRAFER NiRery B T ot new
fidharlhmarkefl 84 tespatablbetatennaiskiag fiduciti mhikad 8%.qind is pdditen fiducial
as to tch.the fo

maéé?@%”&ﬁ&%%f?ﬁﬁ'rogz{p% cae 85 TS HoYHG IR bR e iducial
mat&hb ARV e Blert f18scht. AGdiR! th&RIrkSt @he 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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filling void spaces 185 may be the sane as the format
of new fiducial marks 182. In yet another enbodi nent,

WO c@oo14is mark witer 181 will not wite any fPAUTE208/066513
marks in void spaces 185 but only apply new fiduci al
mar ks 184. [00150] FIG 14C illustrates an exanple
wherein web 20 has a set of existing fiducial marks
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e web to mp0|nt een
[00d554} hEhsveweb %bas&@nshmg febacmt mlagcstIS@lunea@dr 188 sksls ]a&'}liumal pulse

et bet n_points 198, b 20 ha oid
ZERNO A9§Wh§% 153 erf 83 fegfs diiducdal H#F% f\iﬁm &f tal pulse

ha§ ﬁkﬁ%@cﬁf%dct“ﬁ@a%éﬁlcﬁ%f ‘Q@fhr)d tIRABRR R $8Rer Wil BREIuc to walt for a
embodi ment, for exanple ‘as discussed with respect to

fidmid pul®, Gncdudidiciahpulke ordutsef YEST bragh @pp04), freager module 192

Wil ST e BR P e e ko Tepdiodile 102

W1Il'¥ﬁén%|n§l_§le APy Eftdr rbdﬁm?ilthméﬁsf& qn\éﬁwaeﬁﬁ@@@ﬁoé%%coder 186
where fiducial marks shoul d have been Eresent Agai n,

(2 0peantlgyiteppnigfuct th avait agdenesds areanredet oplse hpg yo got/mcarred (“NO”
85 may match the format of existing marks 182
bra%?ﬁ‘?ﬁ?l(}si duci al marks for filling void spaces 185 may

[00TS5F fOmewn feh il phisdrasdess (184S [bofhth2F 2 Fh)Ghowddvek, Sh@ﬁdumal
flowchart illustrating exelr\r]pl a(?s/l oper.ations inval ve
writef Vi gnsrementoN bafl (thad ive Nar Ned & 29- o THggs asnodviled%l‘sﬂl then

| [
B e
192wk lwa&fomnem( amqmlder pesch dé Noy whad o FDd Q¢ hevevenr(KYES” branch of

2l%ig%geglreg }giwgﬁégﬁ)qg tl%é nlev(&jf’l’I (czloﬁllter éssantdcl)ns\‘{r'({llc‘gI pr?tﬁgrcl%%'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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where fiducial marks should exist but do not. FIG 15

al so depicts an exanple nethod by which fiducial mark
wowriwer48181 may apply a set of fiducial nmarks POI/HS200$/066513

whi ch has no existing fiducial marks. [00153] First,

web 20 nmust be in place and ready for marking (FIG

2). At this tinme, fiducial mark witer 181 is
abeietipsfecEany tpowint noy Aidusipkbmarky 184atomraqyastengfthe distancepetween

eXlgtlLéﬁ@&rl "Eﬁgﬁ%ﬁ%j and col | ected onto supporting roll,

0 travel past fiducial mark witer
[00]186] Whelf ®slp@®1 has etxﬂ)stlﬂlgtf&mbiahglaﬂ(sl I8adung neidgeg etertdie mark, for

s AT Ahe Il zee & R aree souner
reﬁlﬂetﬂcﬁkiagﬁﬁﬂ@l @lco bﬁllggé?ﬁioaglleq 95 Rifi®e eﬁl%cﬁiﬁg ﬁteﬁdtubﬁl pulse but

fi xed di stance between duci al nmarks
wik mbogterenone, bs figgesl rmurlidISéC 19crpmesiuiBerdfbat trigei modwlo 192

unl ess it. receives gcantr instructions. fr.o
will bRty D paRc e Gt T Gomrir R s Tiguci2lPulse to
wheRSdxidtap fRlutRPhatar§2aneulBbtA& (epr BDent$). tA1ehis Eomt
di stance between reader 188 and printer 190. [00154]

trigave moglels 199 Vhasnséwtswrlt@g 199 thuwritel fidugrak satlgm the eergeqt position
(22]6283%§g%§%0ad&1e% P‘}fwﬁ @?n r%Par? td n]é%ﬂ%%ﬁ%m %uglallmarkvggr cﬂsabhng

thef ﬂidimihll plesgitlseisoh ﬁ@)uﬂgﬁte ag-aufistette(of INO* Pb)’)am(|228))f 204) ,
e fiducial witer will continue to wait for a

[00flu5a’h cVhen peb 3@ haarerigingi fuiw&aémaﬁm 18, Qfewhgnsweb ks a set of
ex113{1 full n?aQﬁ? 1824 Vg&?crts %a%esl% | dhbwh Fi((a‘i‘é &ﬁeﬁaumal

counter to zero an di'stance to zero
rnaTl{ vgiger] Sirmehyl detckfiznamvhdn tolpeint e na\blfelutllamnam/wnmughtéy different

208).,..then wait r_an. .enco uI se from.encode 86
wa zi@glaﬂ%ﬁr&gw P}Odb‘[?rﬂt%ﬁﬂél lfn&a&%ﬁ diftgacy ©HBten tﬁﬁe@ndggé)e

the?élar%%of&?snﬂg%dﬁaﬁl rﬁg&y Nge %g é}lqlod%[eammmfne%@ecewe a fiducial
[0 Once an encoder pul Se occurs ("YES' branch of

puldd O)NO’hbmevleof 2hesoftiiggrrineddubar 1 Rewilliviik farnorceomter piNsbirom

engoggh Ll b AR RerhRIT RIS OEHEST e R Ieh T A3q piesey module
197411 (ncheherDAER 19D 241 (2221) 99EEedrRRH e ils922wm thbn Watbtmine

for a new encoder pulse. IfNis equal to FD /

WhbaeDe S0 8D (BAndinass 504 praneh PhRD: iizgergnpdule 192 will
wall §APhSy bR deDFlc SRHNAI B 180, RB 1R Wy B T however

rrnt a new ucl a

(“Y]’E@Ulﬁi‘éﬂdh orE2k), 1843 r (bla)e 192ﬁN1(DIt1hﬁfchpf1ﬁiEr 188 fog@Rit a new fiducial
nmodul e 192 will_i1nstruct printer 188 to print a new

marlf,é%ﬁ?@m%ﬁlﬁwrf&uﬁia«l’mﬂb AReerobxTEggch glorip@ul@ﬂavﬂl then

reit i éﬁ%’ee ;[5 %%gg 2;%9&' L&t agﬂa b%%ﬁ%br%&@? rvxgwh QoRduBfal marks
arepresef) prisend 83 wiilh print Igat ﬁdliou)afl naarkld S&AGa‘tca&ilsﬂlno(ea)f IPD) aplart2 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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(228). Those skilled in the art are capable of

nodi fyi ng the above instructions to print new fiduci al
WOoremre14881 at ot her intervals and positions; fRET/US2008/066513

exanpl e, one could nodify theabove instructions to

print new fiducial marks 184 at one-quarter of the

di stance between exi sting fiducial marks 182. [00156]
[00458 Klepl ig aHB)éVCélﬁttélﬂW@tmg enrEInTY ipRpRREonRvelyed jnsidentifying

are?% g?%@tgpl%‘ﬁglf&uo? §%&:\;‘%r\56 ee n éﬁt%‘zﬁ avé ?eeﬁ?r&éeﬁ&g thrkoughout

ucl a orrupte cla
muliplt erandiBttueiap opeptiawseant] thaif@k, arackndi@26€s. fol spa@gﬁy

dul.e 192 will be expectin afiduc al pu
Synehronizatian., I effecmbpdim I&u%qné(grSPPélr%anSiz%"sﬁeg‘ Bq»qs ‘é‘& marks to
1de£ﬂ§f @Jr%?wet) RHIG9EN 0MadH c%%%er‘@iolnlcoHt?@l FLe N8y identify

Dto neasure a distance FD fromthe previous
seg‘malhtcﬂcwfad pqmu¢1éa w«:b mﬂe7r &0 éhat bavenlgeeh itidouglatommpk nb@afacturing
. 2 224) ., At thi i nt
Py ot DR B b Fipbing RaprGEadss gt el of Bl Nipsepees that e
proséfté@ithd woBEKI. | 1A dnB@nfbBAmMRGE o P&SIveEsRIh dod#6) systbhd HG&% the
nodul e 192 will again prepare to print the next

exgmplg mealnodrfb@pl@tesi]m lgabt fongcathe cﬁﬁ@ﬂp@néﬁn% betswean dategeldected
frow]ep yeqv\eglgcteeféft%r VElI‘lOllIS éxolacg Csl e gj ifo(rg ﬁu{ar We&) @é%gIlL%lrQ.]'S?]

[00MB0 PiBH affarthvasar avefB)&bll ab oﬁiﬂta’fe@,tﬁgseﬂécﬁ&b@a{)) I@pkﬁlli 82iser may
as well as void spaces 185 as_shown .in

selegtadesbarolln@rae aorticsy thatef thiguehar waphied u\?\ﬂéﬁte’ffécepﬁ‘ﬁﬁ{ "
pré]g%ﬂ'%:cli gf I;’(‘J‘ﬂv%lrmm&tﬂo %11 4 ggl%bv)évg"r fof cﬁﬁ M@dments, other devices

trigger |n| ial1ze distance
maganietfece @t]h ocomersor( étﬁhﬁ)ol sys&nu hes eutameticublyex isarhi- mgornatlcally

fiducial marks 182 ger nodule 192 w ||
selpet gy sharol and detEiryg d%f@% CONKRSIOB CORERN S@;?te@dh)&%rswn control

systdrh 9981y ﬂRngrﬁut]a%ges\MnlgldaYMadoﬁleét@& fd'%rﬂmﬁﬁféﬁé’(?&felp HWIRe efnrdqm
encoder 18 . Once an encoder pulse occurs ("YES

prdsessneth wils zmayidmon tqgyfesd wabdallel®.92 will increment D

that . is, D = .Dtl 22). Tri will it
(0088 OneF 5o PoTs T i e § PR ab yb Tolf i Rghher
datl) @M BrsRin o%ﬁt%l, sybleh008ky BosHE sduh ok hhta%mhtereﬁcw the PAYbuUS

encoder pul se and continue to increnent Dis
prasgisas 74 end-pllchioddy epn{oliEsn et FO-of orpzayion eqrtighsystem 4 then

r t [
ide | ﬂggc?? %(?’llgﬁ,a‘ér@ks’e f d{&%%élgﬁ;p?c{%cés% v&;r]pg'eggecs @l R4 IH%?’ @%&}E&lated with
the(wW&Boll (352)0 Foi cxariplb.ccoh9esiohlcontriagstei 4mby alehdB Dbt recent
zero (2Q2) and start over again. I n other words, when

DPraggsses Eqra'ﬂ Pafiukd vegbaod ad @r?fl reqyprsipghs idopgy wsmblemrwﬁcessor
C

G R 0] Sy A

histdrg o€ thalwabaol s Il 84dc ahbadidicst esoersidn é{mtrab&rstem f a@y58]

exkiyaillstg 1§té Q&%agc}&)éf Hgtlp %&%ﬁgg}lﬁgg\,to ‘Ihle que ro Emerui(otl\ll\grlegn od&r?e]ﬁt
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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fiducial marks 184 to a web w thout requiring any
existing fiducial marks 182, interlace new fiducia
wWOorenRe148831 bet ween exi sting fiducial marks 182PCHUSEIE066513
repl ace a mssing fiducial mark.[00159] FIG 16 is a
flowchart illustrating exenplary operations involved

in identifying areas of web material for a given web
magley thatsfé@tﬁ%%ﬂu‘tlﬁa@alﬁ&@%th@é@ﬁ r@H ot By Within thigta from cach of the
prdg% gé |81 tﬁe é’H ﬁ)%é" rt&%e%l?&{ s@é}ﬁitl rﬁel}%{ls%f s%ﬁrech afteHitire roll
can or spatrally sync zatlon

forespbafic H@mhcnts:@fr’therdl daﬁmalrﬁyraxter&ysﬁaege df fichesal frnamlksc(fai example,

seumior ior GBI VB e ondpmabnelon  sugnatich 1t a
ovéth %@%cﬁkw‘l"ﬁﬁrﬁs@nﬁon@ thd ProbB&Ls tﬂ@tvi%nﬁ%%@% ThBERHUE web roll (356).

manuf act uri ng “processes by ide fying
In onveeerhlagpioinengy, fficdoredrsibn neithed sf'st@m4e;auhpt@1feten’rh1mepzvlm¢lmswsrlap

Lo r t on,the web.roll,. In_one enbodi nent of
xRl ARk 51 Yo Datpa i B el oY i iae Sleered
(sce aRbIet5eBelb), théa cobelsRinCoBAbIEsyStchY E S BAAIRRESE, RBEHREIDS the

data collected froma sequencé of the various

datg (3B de tapkAar ¢vsrlap (%ﬁ%)xra I thanweing raoloptlgle@drémthod such as the
rneLh (()il(F asl:elfigy\‘f;'l&s reg‘ple%‘ {ot }hﬁu P If\a% Vetﬁmp ex19t§ ?or alpnaiirt segﬁent

(“N@” Bfanah o3 56 (ﬁn‘N(bT eﬂSI@ﬁéh éﬂH&Mgbnaergbﬂ [@bﬂltﬁcﬁ|sy$t§tﬁr4 will search for
interface ("GU ") presented by conversion cont

thegiest wap woll fﬁ@W@% rIf oyeflagrdoss cupdodEre hagich f et ord“é@i%”eléranch
of 558, &d?fvs&f c&nﬁ?f %s&ﬁ{wgzﬁlﬂ&grdz %55‘%01?%&%@‘[&6 Loqlr with the

aut’omat i ca em -automatically se

ovatulbpﬂ%tﬁduemé ndeltsalafa foom agmydecsisonrotidit tho lwebyretl efinderest selected

§§£S|on control system4 may al so permt accessing
at%ﬁi ol l ected for unfinished web rolls 7 and
[00 %@]’ %érsi’éﬁkboﬁﬁ’bll steht% 80HintEOR s%@rcfl iNAbreWEIP sERhdn®s exist on
161] Once conversion control system4 has a

thepaq:‘tt nod;lujfamtemett(%é)) | Ofagrconpdrsinn pqntgzitsh@emdldtaa finished searchlng all
onversi on cont r.ol nto

of (3 SR S e 80 T R ey SR BTGl Hstem 4 will

scl6&lal R&t Sdcdry baQAYA thélploceR 1ﬁﬁgéfﬁfa$ed7aﬁ st m@a)on
control system4 then identifres a conplete set of

[0064kiAdftas cpneisier semrol pyeraddus sztherer she ¢rdd; cpaversion control
5
B9 B PP CUED PRl iy ML TR R fgond

ideptibcibsgments dfovebaviflasidriappiag fidebiar @hiks &nctathpivcess. Briefly
recursively identify OSSIb|e predecessor processes 74
refegsing e fheeexampleed HIGKES A ggneapiop é?u%tf‘-’rl gritep gpas slgptifygoll

seé;ntf%tsoﬁﬂéﬂdafi 768 LSS W bt AR ¥veP roll Q@g % Jo%rhon {dthe three

ne enbodi nent, conversion control system
prc@:)&shsaSJBtdCV&BlA_/ Psrecmss:B dak Prdedsa (¢ dfmsmmmduomgrot systehe4 wely then

PRI N I T T T
anaﬁ?i@%, 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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to reduce the search space in which conversion contro
system4 will query for data corresponding to the
W@ 2t0eo14888 web roll. [00162] After conversion CREGIE/D81008/066513
system 4 has assenbl ed the search space for data
associated with the web roll, conversion contro
system 4 may_ search, for data associated with the web
peﬁf@mane%sﬁlpcat@@é&tcht@bmoyeSS%M@a@n@»hh%f@r?pH@qte% Jagp asppgiated
f d
will P RERE S8y 1 B ol Bt R Gy, P R B ffoduc
and®procbs cpnmaaﬁs &mt octut Hee ®ethe aftuspeftke cdistrviatssb atduce the search
control system4 may al so search an 're roll for
spagp e F%mg‘é‘a&g]ﬁt@g nig’rantt frea pyfipul %I%f?’]? nﬁﬂ y a certain
[00 1@@ sodfn é(x'aqg@é Ellm TR Sy $fPhtioRY QMO?haé%%@Es%o%@%peratlons
37 . Conversion control system4
Tosneeéqeoise bﬁthesn/m)t@p ponsgafnltxi vo¢ aday rawekﬁ)kaérrﬁvrgcctsh essomatlon map”
r,oce t hat, .form ment of .the weh roll (356).
tha? ﬂes8ﬁ BATHRIR eI 10&18 %Sté‘feg’ﬂ efi 1%“&{‘ acé%}geﬁ%{’%sges 74. The
prd‘c@ﬁ%&oc‘i’&foﬁﬁﬁﬁﬂlﬁa%&%ﬂ@é f@r\/&rah%ﬂb 96&5?51@ é’é'esMrWs&fs for
, €.9. due to gaps in the data of t e web rol
eacziﬁal aronsbyey 7t iTgblertediops er cruibple pECCiredssad)ationtied.
conversion control system4 w |l exhaustively search
all of the data (360) to | ook for overlap (362),
rat her than using an optim zed nethod, such as the
nmet hod di scussed with respect to FIG 17. If no
overlap exists for a particular segment ("NO' branch
of 356 or "NO' branch of 362), conversion contro
system4 will search for the next web roll segnment. If
overl ap does exist ("YES' branch of 362 or "YES"
branch of 356), conversion control system4 wll
record data associated with the roll with the
overl apping fiducial marks data froma predecessor
roll for the web roll of interest selected at step
350. [00163] Conversion control system4 continues to
search if nore roll segnents exist on the web roll of
interest (364). Once conversion control system 4 has
finished searching all of the roll segnents associ ated
with a particular process, conversion control system4
w Il select a next process based on the process |ist
generated at step 354 (366). [00164] After conversion
control system 4 has gathered the data, conversion
control system4 may anal yze the data (368).
Conversion control system4 nmay search for and
identify all segnents of web with overl apping fiducia
mar ks for each process. Briefly referring to the
exanple of FIG 18A, conversion control system 4 nmay
identify roll segnents 376A and 376B, each of which
contain web roll segnents common to the three
processes Process A, Process B, and Process C.
Conversion control system4 may then
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adj ust the data according to the segnents and align
the data such that the data is usable for analysis to,
mar k anomal i es and/ or defects onP@TES2008/066513

WO 20090x809| e,
surface of th

e web,

or to analyze the processes to

determ ne where anomalies or defects are being
i ntroduced so that the processes may be adj usted or

corrected.

[00165] FIG 17Takled f|owchart illustrating

exenpl ary operations involved in deternmi ning the
search space of data associated with particular web
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[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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fromthe root (310). [00169] Next, conversion control
system 4 determ nes whet her any nore predecessor
We@eesses exi st for the currently sel ected prBCEES2008/066513
(312). If not ("NO branch of 312) then the nethod may
end. However, if there are nore possible predecessor
processes (" YES branch of 312), conversion control
opeypensrANghomieh rolbf¥08) nNEHecetstas ntpbyysteathagdds thparocess to a
L e
B e S L
prdcessamayf @@ﬁﬁ@}heTaM & the hed B@4 pr €sentsoratonevbsysteen d ataaz then
set. for ocesses th conversi on cont oy
detgyraing mh&% §Jf aame ﬁ%ﬂsw PHRGESEH(5 5403 Efoq%é NO
brah@Rbe3 (%8' ﬂﬂ@ﬁ H@?esls no‘%%%n R%éntﬂﬁ%eczﬁis& $b mdr@ﬁﬁta c%lﬁ’exwt for
Max, ected #, Actual #, and Conments. Name is
thetvhieb rodles wf pracess chulgélgvr@mecéd@d tlae masttrmmﬂa ranépiymdqsecess

[ IS t i ducial mark with small est associ.ated
10087 IpltBrd Pt B » BB e e Sy PR U RS bineh of 306),
coBfcPi@S SontledSstdn® 4 sBiBcth bHLIET b pPRIckeswbrlfRodcB§@€S08). Conversion
associ ated distance in the |ocal coordinate system of
contprd SW@céggay thien cissntidly Horfguwiagkcursivik mmatnhe ofiée method
pO]ﬁI‘&P’G(& \g\éﬁzg xcg('\@ﬁat IEJ{ gcurmgfﬁ %{S%,HFCJG n Bﬂbtfln%erfest 1S

alréad@u;@leaﬂedmi hkSis, Qfontfd?irﬁoﬁ @bhtrol8gstam 4tr@ay ﬁﬁKrmlnMNihet‘heﬂ.tlus
Actual # is Ihe actual nunber of fiducial marks on the
pradgeasseiPrerepeltspl iteg apy Predecessast ardadsy thein de digdree as one branch
fmm%?&t(g)fb)system The comrents field describes
aspec status information of the roll, such as
[00d69 N dxalcohlawien soietiol agstdat%egf&pmeiaﬁiedleﬁ a{lﬁ)ﬁlb%l]])red'@essor
deternmi.ne. whet her data for the selec S s
ProgessSe FttaT e tCHITEH, %qudcmpﬁass () i P‘@ﬁ%ﬁ@fl&h gi312) then
thecrﬁ&h5@h1a§3éﬁ8 epfb&zeb'&eﬁ thdd€ afel rﬁlé’t%'p%ksﬂ!i‘l@ 'bk&ie@éss&flﬁoé’&&s “YES”
a successor process has not or cannot | oln
brarmb Of blz)sqorwensmrc@mml &yetnnrfbwﬂi;y@fm’m the neoprdigofor £agh of the
verlap in th duci mar ks
et fubdoiet Ty b fade st S0URESh otdfem K roraptivgranches
to thelrb&.of € Y&r si on control system 4 conpares the

exgect ed fiducial mark and the actual fiducial mark.
[0Q1£70} %bb(fbh@@@@refsm@ én akarrmlp Katesghlor andtinly erogetsasthat

corwegslf&.{ QClntl%?E t rllltlagl 21?(%3@1033 lé ?fegetﬁ%{; %glgéré Tél‘glg 5

conver si on

inctdes fisldis fRoﬂlmarﬂ@tfﬁlrsa mdstyleh MO Eplitee HyAs@alr#; and Bemments.
data. I n one enpodinent, the certain percent is a five
Rofjd¥asamis thy pames efrciollseempe fespretieyar IPYGB?,S? aFirpidp fhedilygtal mark

Wl[?‘..s%?%%}agg)" fﬁtédl @Etgnéehﬁ HRCTHEA cobldfitied %Jstema{)ikthg Bfﬂ%ss Last is the

conversion contro
fiddetlemadkneish tahgtst FSssoc@dted distaate maha lochbco@rdlnae sdtem of the
prol\c/:gg(s'. 1rn 1sL Setﬁ(iumarl] ?I}arke ﬁthe sma 1etsth\?arlue l\l;lax 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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oz
data related to a particular web roll or web roll
segnent. The operating tinme of searching for data
related to a web roll according to the exanple

ORRP Rl L TP, TBLLES RTLBE i

patticelanuwrb esll, ebnyrace seaml gvistn dased the fidudiel myks efithcaseb roll. If
o&gosed to hei ng di rectl%/ rel aglfd to the nunb
A SPHrCGRI0E BECCPAAY PREUFRNNG] JPRAWE J @/t S APNVPRHRN FIro
for“c%M% i 80 ﬁﬁﬁélﬁlrrﬁér@ ¥StaREh theTR% p%c%§§e§ ?f AgREN ﬂrééess may
search tree fromthe processes for which a significant
haveyotned twb rdlisaoetvessianagontrel syrstoned compares fhoreapedied fiducial mark

and i hial Ayl RORET KR Pt I Slal RO At thehertlftucial

Sl
maklt Bdung difEn B la%ﬁalalp@r&hfe tanvctdion YLD sEbesE 1 inRESIR@hine that a

upper and | ower bounds, Big whi ch descri bes

gapippats iththardts, andrall Bxbaustee)s S?axvé th?ﬂl}ﬁila@h I ese pmbedimcaintic

cellft)aqu[I Bgr%ent is a five percent difference in the expected fiducial mark count (“Expected

f
?sys?ern 4 may look

#”) 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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this nmethod may change the run tine fromgqg (n*m,
where "n" is the nunber of processes and "nf is the
woreoopmsiaanount of data stored for any one pr oREREES2008066513
O(n*m and Wn¥log(n)).[00175] FIG 18A is a block
diagramillustrating an exanple web roll in various
st ages of manufacturing, wherein the web roll has been
exhaysiivelyprarghdhpdefaj Paupisgerverspngeaysksystepd may prgcedwith
Ut i o .Process A, has processed
the\i@% rlgﬁéégifggnﬁq%&g&g%%égq%éeﬁ? process, web roll 370
[0(152] bessneshinpla apemationof veimetbdd, tisegoedts BaRANnfEH2H, the
.each of which _have heen ocessed by a different
hicreeRatraycdgin @ﬁk?c%g@vs. '%Eafaé} Progish Torgh Pardirtigtyroll may have
be/#beess m%f&@éﬁ% P88 Ahik @hdaeebn¥etsfbrAdRtB Ly sHaP4 Ll ?ather all data
segnent to formweb roll segnent 374 whi'ch a third
fropr jmoesss D li and.cnBr aydbers al@, ndpessibnurtdasessosdfor pucessd each

rLgcess in the evolution of  the b,roll, certain .
0736 Simofhst RSB AP e e AR 4 Beselic nis g conform
to ieidr@lchy phdtaySam THbIES GRRR. TG |HAPR SRFVENEA L& lar web roll may
manuf acturi ng. f,l n this exanple, there are two segnents
a

hayst baga pradsss DA ab planild e iy tiecaspecogwereios eguieri sesterh 4 will gather all

nuf act uriong: ~segnent 3 ri.si,ng fi,dugi.al rk
ol LGRS COATRI cobfSDo BATRA NG, iy SR irolF LR of
provessss A2888 A3o4Beht A 1LAdTB]thEWeb rdIBBCois casidi @krol system 4 may

di aglr am showi ng exenpl ary seﬁ)nents 376A, 376B of FIG
thepggather-fatp frogppigesss Ei<ofibint Borlresess Ba iiseihhpopossipla rrgdegessors

ASRYCEE ?& %%ﬁgﬁﬂé} SS%SF s?eéﬁ %?@E\%h%’%%%*? ﬁoﬂ?ﬁr@césﬁ%%? aahcl.

segnmen segnen ave passe
Prdcessolhag fredevasser pcesss A2, ARt drt. UFiusgeqnvas@asestrol system 4

will e i ehlo ity b ToRG s phddo s 9 T0Banepk Hhich hs
an}g g%ﬁ@é‘efssotr?rd:clelg%@s. ﬁ@)ﬁ@&%v%zsidtpcdﬁ%?@ﬁeﬂ% $8WIRMALSa3d BOm

B and to align the segnents so that conversion
prazosst ¢ bhgagy s emcdssrtaly isexqiredastssdatodD? égavdil avgo phasss B3).

segnents fromthe poqgl of ta fro he processes,that
ThR T BV R R s b i R el s R s BsRSES AT AS i D1
(00398 €hsd PBthe @ AayProas bt a B tdg8e NF kb le, HRtethod may
common to segnents 376A, 376B to mark positions of

redag Haltinesreanirefboectish s dekrerchaind tagepagiculdievahepll gg web roll
AL TREfRd AL b 0508808400808 £35H 001 ELSRAIRL oo

exdviplBeshbbdimdnhef Myt pivted nivkiodi degerivled Rafhaetscotd PEb$7 afay be a

Material (filed Apr. 19, 2004, ;)ubl i shed 2005), which
logagithpg Sunssipn ob thegyimbsr ef pREesss 4 Rrescahin the systém, as opposed to

bei% '31‘1’1@5‘[? %tﬁtﬂ}tﬁ@hurﬁyéto?g}o%tegﬁy 74 ??e_s&ﬂ?n ﬁ‘%tsgst.bfﬁ. GIthlaf"fs,

ys a or exanple, to optimze t rocesses

comverdion cap@i systam P endyanreateraideptbfastsearoh tieh &opr the psgesses for

t Q. eduge t he urrbfqg of anomal i es and/or. defects
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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occurring in the web as a result of the processes.
[00177] FIG 19 is a screenshot illustrating a
W@ orvpat4sson of data gathered fromtwo process PECTES2008/066513
for instance, process lines 74A and 74B. In one
enbodi nent, conversion control system 4 conprises a
raphi cal user interface systemallow ng a user to
lﬂiﬂﬂﬁ 36t 184 i Wethdipgprerillegratipgjan §§zf§mﬁmb rpld igparious stages of

maﬁﬁﬁgﬁllrﬁ &H&e%ﬁﬁ‘@@eﬁ Gl %‘I:Serfeeﬁ lﬁ an ?iog %H:%l sabdd 91{’1\’?1‘?[15? €SSes.

i/e an are ta c ma ro rom
Initiailt, apﬂlau&rcmmgmesd:h & PrdBesd@pihad progesaghivelatolLSAY In a

f CU R 0. I b IDt
sutsagopb poc o s WIAS i D IO By 6ot Solb bR, 3728,
eac%Scff’wlﬁHpHA\Ie HREY F%es%é@by Q'&ﬁfér@tﬁ%‘r&ce@@?@ 121@9655 ESOQJa?&] web roll

Conver si on cont system 4 nay present
segrsats 3ifidn 3428 deve begyeistd nithconthar ecll a:tlhsegm@m tprfomewb roll

segmf 374 fnich sBEH oot 2 bries | Mo my By g each process

in M6 REEIEOH bPfic T roM&BaBOMUR TS hARCITBIAL OV6IS YRhar) #sdpafent of
recei ved a request tO ShOM/COﬁparISOH data conver sl on

thecwelr iodl thatyhes endaganicl the pnessssquenchof mnfawurlhgdn thasexample,
t hen [ [ ti )
e B R P B B GRS bl g pprring:

scgtioht 3T6OA covenprivhedi il maviebi878ltd 83818, gﬂd s&phant BBOB, comprising
1dentified b%/ fiduci al marks; in that case, web ID
fidp@ighmpss 4BELtEY e nodi fied by those skilled in the

. ! .
[00%’*1:“751j Gl AlE 1s%"tﬁo&<a&1 Iﬁﬁlss‘ﬁ‘c‘s ke ngﬁ'?y QW%?QJ@% ?Afn&ﬁ‘?gw% of FIG

cial mark or a nge 0
18A. \MO. BB depivtob@s som&ysmeamnm bystah 4 nadyplealiygt the atgmants to

an el i Gt Fish S Bp EADuA TERETBALor Ml e d throueh

the%%ﬁ(e%@rlésudf%tlé&?actﬁrﬁ{g ﬁrB@és%C?e P@odé§§)& PRYess BRLANPEREss C.
the 1D of a particular web roll based on where the web

Conegsion nqrﬁtadtswemi 4 mimatisepho m@ﬁmdls dmelsssmhtylthm:spect to FIGS. 16 and

17 gQ,n g%%%ﬁfq% §eg(t’rb e}‘,7y6 e§7§1§ 88& ? %% ge%gg%g?%ﬁﬁVerSion control
systérh asme%/ &RRCVED: Wasrdee) ﬂh&‘@rs@g‘mel@cé fiOh¥E phbIiTRIata fBsm BHc
a web. [00179] A user may also enter the ID of the

pragessey Bt mep baesoncrfedorygamentsad 70AmpdridaBi § ongsisiopsretgol

sy%%xj’él r%%échetlr E)I&%Wt 3ita cb&g%%l?g %%%&bsdﬁ@?{‘%%é & }nagg StTtions of

nprise Xes "or

an@RalcSlor fiblﬁéeﬁs Iof:lﬁll@é $Lir1§ac& of e defas fd@icribb@ 111 &tﬂf indco-pending
particul ar process |line based

apﬁm%ﬁ?%gloﬁii‘i?fr% aly) &Rt ArB Ny @08§/88%%"s7 5+ Aa@arft@s psk Meghed for the
Au%%tgcff\afg@ﬁg \%B@f&%& ol W?osccﬁ'meétbﬁﬁs(ﬁ?edfpleﬁu@ Qbom%hshed 2005),

whinadt i incofpdrated by cef&rendmanptscmamsy | Coreveoyomr cammal mtrm 4 @ray use
ot her features of rocess |ine..[00180] Once a user

thaygip iRt SUYE Re Ve TF AT (P DY BidE (BRIGECFERT (9sepat or

perdteh maEedA&! oY pkdteSes & RelcSHP ALMbEUSaABmMAR&E and/or defects
Submit button 258 triggers conversion control system4

ocqugring 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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retrieve data in text boxes 252, 254, 256. Conversion
control system4 then retrieves data regarding the
waele®one1pr ocesses with respect to the web | D PEI/US2008/066513
accordance with the information entered into text
boxes 252, 254, 256. Conversion control system4 then
di spl ays the requested and retrieved i nformation in
usqr éa Qbserysaand copparq datgepliseied frogr e trlkramrmygpledregesses) FIG 19

‘ . g |
e
pracespue skebowedt, piaceosdd vt bo025E satmn busyrs? Einadd nBylt pane 260.
00 G ERe LSBTy R6m bk erna o &l SR e P Bron e request
to EATRL Bata FoRRBccs\Mbied 1 NRLsdrOMRGwish k&vRWNERIS data to optimize a

enbodi ment's, error nessages may "appear in other forns,
parftionlappianepdsdini nfoa insemcavipneieys lore 142t Obaxconfy@Bib8Xpnirel system 4

t he .ex le of EFIG 19, exenplary GJ 250 is sho I
hasy SIS HER B A TR b T BRY At HRO SRR SY B present
theReewith TR 508 A Wick fhal Ehen28&9 Ghe nunferRADidbhtoibatibM € TBSPSHF a
has al so requested to conpare data coll ected from

pagpicoleewsb ralh g inweb BEneext Box 23 avlinege gmbedisttns i rolls might only
but t.on, 26 canver si. nt.rol t 4 retrieved
be RHHARLRY Roud RIS BB O, P BB o BBl by

thdst Bigifled ih'thaad to ftridwe daesdskdciftadeitB@bartidulis fidubial s or a range
i.s able to view and conpare the data gathered from
of fiflecddl bt edB IPifpre Wel OhhRECES PRI GI8]: alpdaketicale or

alp%&rﬁ&f&a?oﬁssbﬁk%ﬁbgd i ?ﬁ’ AR .tgﬁso&%%tm%pé%ﬁdﬁlgte a drop-down

process ines co al'tered to I nprove - pro
texy bet dr may pabeidecaserct diuetion; for M31:B2¢, aRls&r maAP scheg for shedld of a

P SRR GhER! B BRI ¥ SRern HPBpsCH-11BhPIRaT inesthe el

un@4GRn S hROS L &ga_r&ﬁfc?s 20he b WRUERuATy QAR i8R, td Rhich of
a plurality of different stages withina single

comprepicresssteb Brles web Gas 2¢ivdeql ot stheymopertidOer a Welt. i ncl udes

ingl e process |ine 2.and anal ysis co ter 408, .
106781 080y kg SFo g mran B, Bo&r AL TR Gt GRS be oparcd in
texf 8485284 46, AARERLE, AR StHEPdmbo ARhRER BoXdst 3HUN2 56 may comprise

plurality of distinct stages 405A-405N. As descri bed

drapedasvin bergs Po DO VEiseeaich bimstioudityriysdgechdppihic dB ofiatmartipular
pro%{%gsnin%fbagglpon%fllf fi' ?H{anﬁﬁa@&%ﬁ § a?lts 63{1119 ?‘%%Qs l?t{e 'gﬁ]oecated, whether
stages nay use &IP eren COO% I nat e systens and/ or

thef prolewss Hhe e@hpassch B flRucial mhtk Wbicai 81, pdsik tyiponf dab de.gAsapar,
result, sgﬁt em 400 may logically be viewed as simlar .
wop g, angiily FLER 46 B1E PERGCP LRGP FABTEE; piPtherdeatuges pf pRrashss line.
o h . . h
O35 Q2 8L TR 1% AL TIOR3 L0220, BN wcr ey
theapeleat subnst bifdn 28y. Falvhe butdog? f&atriggaf @ometrsion caiolisystem 4 to

web 406, which respond to.a web roll 7. One of
retgpesr 44 @ﬁgxtmz;?sn_ﬁ% 3345ep a;%-%aﬁeram&?r}tﬁ%lwgswe%fa?%retﬂeves data
regdbd@hd Ble deREQr ITBEdsOR VRACREHNED the wRb DS he&P@ndk Rath&he
system whil e another one of operations
information entered into text boxes 252, 254, 256. Conversion control system 4 then
displays the requested and retrieved information in result pane 260. If an error occurs
during retrieval, for example if conversion control system 4 has no information about any

web with ID matching that of the requested web ID, conversion control system 4 may

instead display an error message in result pane 260 informing the user as to the nature of
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404, e.g. operation 404B, may generate digital
i nformati on according to a second coordi nate system

WO poogoms1enbodi ments, certain operations 404 negT/O81098/066513
gather digital information w thout changi ng web 406.
Anal ysi s conmputer 408 may retrieve and store the data
gathered from operations 404. One or nore of

thegpeordfer erenMo4 %th\é(ﬁlgél)ﬂ@bfom@sl”:lﬁ offyges gmRodiaRents sror
P S T e

[00d8¢] rin dic oxpepht o fdi G4 DA AxcraplaryaGlid A58 B4howayin raspdnsaltd ynput by
apply fjduci al ks 41QA-410M ("fi dugi Jrar ks 410"

Whe@l 5T RN e e AT hgﬁ@@ﬁm addition. the user

had élgd‘fé'gﬁéstémﬁl%% %%a%ll%gtggfm%ggeﬁ PRACEE” and “4”. Having

approxi mately t nmeters apart. ce operation 404A

prassesl sappiti teittof 2Qaioal cramn kentdd By stometins 4@6icved and displayed data

ti 4 : i i.al k 4 d :
oo RRIR R PrdeGR ST Batshe G el e 9 *MHosusbr por i
abldBé kv coparatht @it $athrddByorh €8 ProdadsAink§ Bt
web 406 according to a first coordi nate system

detepeinationsrbanahe wah andpouithly tof makegeeimiims, abeutdwipiie erocess lines

coﬁcla%re Eltérlg? (& 1%!1 lr?% rdoddée{ty?elg %ﬁ(? Eidclrga%e tdg e't;]tlg.e fir st
coordinat e SYStEr and o T fterfAce. w anal ysi s

[001S2PWHIEr 2¢dpict in at@ipless adieahairs embbi @it 8r applivks: techniques
410 may al ready be present on web 406 ?ri or_to the .

to fnafighly Hpehionizswosigop dataghich at pewtiomdate IqradiButes or anomalies, for

- at i rfor i ng

¢ BTG BT, R PAGESRRORS MRS, gt 00

inchidewve Bingprot s liex dddbhe] amatysatohipugrwed. BifessAmedt02 includes
result of thjs st hing,. fiducial .marks,. e.g. :

il e&raﬂ%&ﬁ@f*ﬁ@ L RachioRs f%ipﬁéorgﬁga@wm Fplurality of

disBRAT Pk 0BG SA V403N ARIRESHARRIdw, vhloRtdMeFatiRE 864 may be applied
operati on 404Amay stretch web 406 to, for exanpl e,

withkr e oif theglifftrent stages 405, aad ga¢h afthowstbges0Bay Qoeh dtrenircoordinate
404B ad,each fiducial, mark 410 and ,agai n

Sy ST A1 LR FROSB SIS e OSoR gFtoe ABH il system 400

mafyu@%{@alw bdWEWSEd 451fmil6PR ANty ASABreRNt fr86Rkifg datefor which
such as position data, anonmaly data, defect data, .

pogitien é¢ta aay ricisnateally plignehinceeeridaeretvotiathgitephpigees described herein.

rdj t e [ . SN i innc
Sofi 9% U AP bferft s B AT AP b Yigh LGNS 0B iR may

cottrédpord &t d Web ratDDr Ohd af €pcsytiing A& NG lopctafib e AOHL emiy fdherate
.anal ysi s conputer 408, Operation 404B may al so insert ]
dighfglynIrastiPRRCIREHRS 1q HBES SHEARP Yt Ytk anqtherparef operations
e
0 SnBaRoA S ARl A B BELALHRARAPY obodd
co@dhateguystetn. dnecms sebodidebnisayersiimbpaations pidd ceysonhe gather digital

S e B B S B i B85 BB v

datd YAhIRM FRREERAOIE M. THek? bk o RSk ERAR UGS BRS/ cﬂlh@%&web 406
corresponding to fiducial marks 410, as well as data

in gywh ey aycthaanalygistchmputer 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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operation, if any. [00185] Once web 406 is finished,

i.e. once operations 404 have finished processing web
Wa®9/0ae828 ysi s conmputer 408 may spatial |y syncheDOB268/066513

data from operations 404. For exanple, analysis

conmput er 408 nmay scal e data gathered from operations

404 according to a nethod simlar to the nethod
404 sraygsaskicach Tigucialynark 4184md deterrgingjagosigian cpricyragdingto cach of
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firg pes@inacnsyd@4A @QuataticncAl4d way anchcle pfiod exegnitle, & dvenputer to store the
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co@gﬁ’tjeb’ 50 Iﬁoalﬁpﬂ%le&flﬁ’&lﬁm%}’ fidh&ARarkd 210 £XAIRL &Yy ‘tlﬁl p)l/resent on web

nversion control plan according to the spatra
406 pnahtodid fstlopkastzon, Agalopsiagor ddpAit er 408 may anal yze

atiall ynchropi zed dat.a tpo det . for. . .
(03} SRRt D P RS P RE Tl e PR S b bR g sanee in
thel SzcQEIhPE, drQlifehSEHE 0Ty dBAIVK] QR Sx dthplWedtretPithol WelC AN €44 a result of

into various Froducts. For exanple, a particular

thig sfeatelneg, fidmgial mgikisr g eiducehmiagks1Hi0PowndrHifgemap be spaced
vari ati,on. for,_on r rticul ar i butes,. for
ool BT B Bradafe® WS S8kl SA TRyt etos o

foraga@plec, thryd 6aes thaigealdéngtabf atb 806.i Optfagodld 048 bidy @Sad cach
Anal ysi s conputer 408 may determ ne whjch portjons of
fidygipl eyl 4181and jagaig deteaming graoripsRogngdopisign feifgeh of fiducial marks
ap,ai; | Bt i f
T e oo
and/dr atetbudOdats, hatordmg tovk idhitinctt dverdinde systamg@pedfation 404B may

. variation may be delivered to the second custoner.. .
hkf‘(’)’éig‘f]_l‘u‘f/g\r%ﬂ%“%e_ré%ﬁtﬁ{ﬁ 87 CORS IS aReCRrREne i bt coordinate
sySRAR IR temiBbs ()vithrén@l?/fﬁ_ﬁ eSib@kr . thRRSH R 4008Pm A0 Biso MYt new

of operations 404 may introduce anonalies, which may
fidoeialmyrkm Gtot shoze) el entths filntid mabs 4g8icd Ayaipysitign 404A in

conput er. 8 sgarch, for anonal i ttepmpt t
oot e i T EReSdeeck BB Bbtte B 43! SERRgut® processes
404 efa@ Glrdildry RBEdsh Gléb A06 PN RIdH &la§ - infevd AbfipaRANRHicRSzeMBhape, or
cause a defect in one product while not necessarily
othendignangioas eleyvele #06. nLikewises encesitonp Abdimey readrfdugil sarks 410 and

s - i S 1 [ r A -
e TR Bl TS, L A5l I SRR gy e
opwhiieh ipagduct s. [00188] Al t hough described primrily
W th respect ta generation and spatial registration of
1

[0 88 hrePneivvrbstORes Faished: 1-e. oncg opepiiensi W eve rnisBrdhpnocessing web
PG AP B R By L A v
exdmeplapplalysd compdeet d08 mapfscoalerdbta gathe®iddton speratiesstd rccording to
a n?e%?odd srllrcr)ltllmp t%rt eo rrnrendltogedisic{]lgsgcri,ne?gi \%tﬁ refsggcgctté 8{](? S%f. 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
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coll ecting anomaly informati on about potential defects
and applying an algorithmto identify actual defects.
WO pevesdI8 t he system nmay generate and spati al | BCT/US2008/066513
regi ster defect data directly. [00189] Moreover,
al t hough described with respect to imaging for
anonal y/ def ect detection systens, any data gatheri ngF
or
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atteraptdp Heterying evhetsa thodetasigdawampbicsanil] sagposledecty i pratiswy
pro?riglctg a@ﬁaiﬁ%ﬁﬁm@ﬁ%ﬁhﬁg ERze TRERYIHTRE %¥CQQ1E?\Vhi;lu§f)féort\4\§pessarily

nuf acturing. asur enment systens often di rom
causinpeddfearin s ifeeent praduico Wshaly stkesanpudedt 08 mayhat tide irdotnsation to
or anonalies . are no pically segregated fromth
detgumigr a‘tr@‘d} Iaﬂra?rtsawfh %ﬁ‘i&@%&?@&rﬁe ug%f? fogr Rtohtine which products.
[OMBQE LA RGN BeRbibEd PYhngrity @ FREAL D EheAGBH ahE Shatial REBRation
either analog or digital data streamns. Measurenent

of symnaymsfatnsasiondne., 4 devodidnefeem datraal arodustvdiat whay ar may not be a
ol l,ecti,on rates or l.ower spatial, coverage of the b
el I e R B SHOT 208 Seyse i aLaier by DS abird to
deflebtnfoRb OGS - TRV ¥ 8§ sterh BBc @ RAGIeRorMBIENiARISBYib® functions of
anal ogous to that used with inspection system data.

coliqyting anorpyly infeEaafinmeabent padgrtabaefectp predianly iag en plggrithm to
' . ) ¥ =) . '
By AU S A0SRl SOV ALEEI 8 0 o

dirt@phni ques for spatially synchronizing data nmay be
ied to an%type of measured or determ ned
ogg

appl . S >
[0%85} iMereacrs dfhonsindescribent Wk expedtithgnagie toy gaomrlydisfest
def@Bt MERMita EXAR:GRAL nfly e RU 6 A .Y described
evacg]: %%g]fsro a %I\g% Olg rreeaasuré/rrgnt syét errselgnc u ea escribe
hegeimo dior texdthple ks may da phtheredsingM-Rags, beargregat phsical contact
Pressure, r efl ectivi tny, transn ssi on, .
sensors, spectral gauges, capacitarice 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
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transfl ection, three dinmensional height, detailed

surface structure neasurenents, spectral transm ssion
w@eroopei48ext i on, X-Ray i mages or readi ngs, ultrewi/obmns/066513

(W) images or readings, infrared (IR inages or

readi ngs, optical or structural uniformty, pressure

vari ations such as pressure dro capaci t ance,  haze,
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indirectly. For exanple, a measurement system may

thiglogsn, safaoenplglmtm @nmreaurferptmmm, mftmtlweﬁ itran$reiswietn,
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or kN324da E’&?aﬁl:% \% pgg&@al'séns%%“ ﬁg@hﬂné{ VAW g!’st%%nft%fn Welire
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sembrsnmssmrfesmmlrs,sa]ﬂtspmtiah voharesaral Snsugh. eOpe) slnﬂedsmrthe) art will

o R B BT B SRRl B T3
measurements or measurement devices.

[00192] A measurement system may acquire information directly from a web, a web
segment, a web-based product, or from the neighboring environment. In any case, a
measurement system may associate the measurement data with a physical location on the
web to a high degree of spatial accuracy. For example, a Beta gauge may provide

thickness data for the product itself at regular intervals that are spatially synchronized for
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illustrates an exanple of such a neasurenent system
450A. System 450A includes web 452A and operation 454A
WO baw/0i48¢$ udes stationary sensor 456. Wb 452APCTIUR2008666513
fiducial marks 470A. QOperation 454A may perform
processi ng on web 452A and nmay gat her data, such as
nmeasurenent data, fromweb 452A and record a position
aanhzﬁls ae Hiiplegrogeates. Aoepatcd én thesupohaonaly dataeafiribute data,
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tain data for region 458 of "web
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me \A%urel}r]lent d% altgﬁtncc %g %5 oc*aped%egwe qrocoeefers % % (?egre’e of spatial

acciAx: AGaIPefature Astal ﬁiﬂ%fdzﬁmﬂl@vﬂn@jﬁbe ﬂﬁﬁcﬂlarlﬂﬁ@ﬁl in processes such as
enmpodi nents may use any nunber of neasurenent devi ces.

anig@lng52B i ncl udes fiducial marks 470B. Operation 454B

at r
0T84, PREL AL B8R ARD 4500, B PR o
exd?vh’pisnyrmammts dend typs oﬂﬁ@aslmyn@lbt@y?sitmn daiobveh aringksent seur
ons 462A-462B ons 462") of web
it Rpdats at Lyfaonery it 'éhwyssw@&r BSVreéS&YY%’ digsstien- oRIG. 21

111115{%1‘%5 Eﬁ%ké?ﬁblé ef s&ﬁfahn@ismfehféﬁpm{en{wd@ éis@e%l 4§@A %cludes web

met hod provide for arbitrarily high crossweb and
4521/®mdveperstpat 1HA ﬁl@SmbhudesnstatmnarsemﬁméﬁéntW ched B Aainctudes

ens ors eration .454B
fidfoiel DS 3 08Ol B Su AST 8 P e o et R dafh 3% may
gafBbi dldtzb Whéeh AdthedsiRInANdaRdrdh weBUSPARGE riokda HOSIMEE &dr@Ach unit
conputer 480%‘%00196] A'third nethod of obtai ni ng

of detas Qberetion 485 mayrplssl roediidreal measkod 700 andwgrerdgssnsated

ok EaER AR R, Bkt R TR RS FE B pin

measidciOp@rdata ibﬂ a ﬁﬁﬂﬂltywh dehnwels li dsctsengiosctiéh 4posifbbs but limited
452C i.ncl udes fiducial marks 470C. Operation 454C
resglyipR ihhscarsaweh digecionndys degisteddn dh syl ¢fdilGaat ,a@ensor 456

maYRoRe 88 Ry rg%toﬁ 458 8%%55&&2 er3B05 9544 Gtk lso. include a
peration 4 I nclu aversing ne hani sm

compqﬁr actaratatcrbagktd, stdrh atcabentatbluesinematon 4iGHitotiotetfncoreits e

conversion computer 480.

[00195] A second method of obtaining measurement data involves the use of an array of

sensors or measurement devices positioned at multiple locations crossweb. Measurement

system 450B of FIG. 21 includes web 452B and operation 454B, which includes two

stationary measurement devices 460A—460B (“measurement devices 460”). Other

embodiments may use any number of measurement devices. Web 452B includes fiducial

marks 470B. Operation 454B may perform processing on web 452B and may gather data,
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operation 454C in the crossweb direction. Actuator 465
may be a notor on a track of operation 454C, a sliding
waz®enbisys a fixed attachnment to a noving cabl BCT/0820881966513
ot her nmeans for enabling sensor 464 to traverse the
web in the crossweb direction. Sensor 464 may obtain
measurenent data in the crossweb direction while web
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shown in FlI G4 1. Conversion conputer 480 may
CORVETPPLGE LTS Pr om each of operations 454 and

[06398] i AtHid HYAEdN6PoBtZiRidBedalethehNd AL AROIVES tHNREYE & sidgle sensor
conposite map. The conposite map may be used to create

thag iscanylde of mavingne thsl crpisaied digectione Yl ¢asgrepreotinistom 4H1C of FIG.
21 YR Ay %ve%lﬁ%ﬁe%a %pgrra 10} &5 ME Q}Vhigl?lrncﬁl)éi?s elnS‘Or ﬁ%4f I\’Péc‘t; 45%C
CUStoRer may requtre very strict quality contiol while

incudee €id el alcid5itk® HROC M@y eratibn AEEU naky @aLBES pasefstigdmgets 952C and
standards that are so strict. Conversion caonputer 480

maygathen daty meapemeaitdats FImvEPeoats orvasu3h4 vh opapiEe K may
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nost data acquisition nethods, such as those portrayed

majypbFliiGmeasutcroent giatagn tibadrassach wirs¢tidnomhitewblpd5C smebs in the

dat oi nt _cqnceptual.ly includes a_.physical..X ar .
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[00199 M Bac b 0 £6i5@ stichR 454 GRIMRI®upldd COIRIHi&E d48Qtotmye facility, such as
spatially synchronjze the data according to, for ]
CORKEETIPN eMRUE 470t shown §Lilised- WonKersiea sepputeh 4§ may 1grieve
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require very strict quality control while a second customer may not need products
conforming to standards that are so strict. Conversion computer 480 may analyze the data
from operations 454 to determine which portions of the final web conform to the strict
standard and designate products from those portions for the first customer, while products

from other portions of the web may be designated for the second customer.
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i nspection data froma comon web segnent, e.g. the
web segnment defined by fiducial marks "698" to "14596"
wGeheael4sm Fl G 22. This web segnment nmay first REHESP08/066513
processing at operation 454C, then proceed to
operation 454B, then operation 454A. Operation 454C
enerate data 474, corresponding to region 466
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454, as shown in FIG 22. Conversion conputer 480 may
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mbodi nents are within the scope o
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[0029b] TondbBidn@onipdtc@ U8B tiaQDdbERE d@ta (¢ 5 SHatORRY ai7l6om8)rfrom cach of
accordance with a first coordi nate system usi ng7 t he at

op¢raaens Grend spatistly syeeonire thadiie usingdidscial mreksf70B: Fducial
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to generate composite attribute map 482. Conversion computer 480 may generate

composite map 482 so as to include each of data 474, 476, and 478 from processes 454, as
shown in FIG. 22. Conversion computer 480 may use composite attribute map 482 to
grade or sort the web material quality at any physical location of the web. Composite
attribute map 482 can also be used to selectively sort material with specifically desired
attributes that are most desired by particular customers.

[00201] Various embodiments of the invention have been described. These and other

embodiments are within the scope of the following claims.
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web; registering the position data of the first set of
regions and the position data for the second set of

WO e@oomMs18 0 produce aggregate data; and out put PCTIHS2008/066513
conversion control plan. 2. The nethod of claim1,
wherei n generating conprises generating digital
information using at | east one of an X-Ray, an
ul t (A<S™M8: an ultraviolet (UV) camera, a UV sensor,
an infrared (IR) canmera, an IR sensor, a machine
vi sion system a beta gauge, a physical contact

1. sengomethad comprisisgund, a spectral gauge, a spectra

caner paci t ance n interferonetric
senéﬁﬁymgaﬁg?@(W€égu}é%ﬁﬁl ﬂ?@% si onal (3D)
sur %é’&@mﬁﬁ%&?hﬁélﬁy%@ oferdiGtstol thé W%E' ng device. 3. The

od of wherei n generating conprises
g eneeatratng afigh scalbf dllgit@IrlnﬁIrm@norr &y arfdstmg)emttloh @a&tconhtece with
f t hi ckness gAsi on,

o PR SREES SlRbu e Pee) Rt ey PRtk RaGein he first setof

digitaPBESmatibn iRAdH 9§51t1@fp@.dt§ &lr aUits{ RF BT delbions bh et WeR|
uni formty, capacitance, haze, flatness, color,

bi r gﬁmqrﬁg@ﬁcs@corpbfpea of digtthlanforpeersfor e seeandaprrtien in accordance
W@h S%%gl%(ﬁ o&r(? Eate g%stg [ %gllngﬁhe Qe GRS ?f tﬁ:(iumal %1a\ﬁ?s wherem the

er'ei N genera
sec@@d e¢taifidiygtatingdrin@ltioh mﬂ@md@bbgﬁoﬁ Qdta forsd gedn&i srwahteglons on the

corresponding to a physical location on the web.5. The
weket hod of claim1, wherein generating conpri ses

gen ﬁé i r#ﬂ%S fle gg&%n %lzgnﬁ SE{B%tﬂr&%e{ HrefiBnfodPhe ?Eselﬁ%e E{xtﬁ for the

eac I ng ysi cal | ocafions on
smﬁndEﬁ@fmq;amdo@hxhkahg@ﬂgMMhaaamﬂ generating conprises

generatin |taJ information fromthe web
cor PEOHEREA S Y€3P8§§NFH “he entire length of the

web. 7. The method of claim1l, wherein registering
conprises creating a correspondence between the
2. posilht ortlielt of ctpamnhle médrefinr gmemﬁmgapnmus® geherahieg digital

erations r rding a
infoR B Rl RBg AR e 18 N B e AT GRP PG ARy IR epgpere,
U\0fen9e ki fRnsd GR)TBJﬂl&@SanHRrgeﬁﬁdﬁ DehaBasOvRIontsHGem, a beta gauge, a
operatlons on a single manufacturing line. 9. The

phyréeah sentadt sensar. nglirasnenc enppsdiel sRugicnysnecitlrericra y capacitance
gaf} a%r?}n'te‘%f‘e%o@@t?‘%rs&fﬁ‘g) ‘%62 SR aathre'eea%&l‘ens?&%lfﬁﬁs%trfaé’é‘

as’to re

pnﬂﬂ@isﬁaa@umnnﬁgnghﬁvﬁﬁsit|on dat a. 10 The nethod of
claim9, wherein performng the at |east one operation
conpri ses

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.

4. The method of claim 1, wherein generating comprises generating digital

information for a single point corresponding to a physical location on the web.
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stretching the web in at | east one of the x-axis or
y-axis directions. 11. The nethod of claim1, wherein
wEeebot4sisrg a plurality of operations conpri seBCT/US2008/066513
performng the first operation on a first
manufacturing |ine and performng the second operation
on a second manufacturing line, 12. The nethod of .
5. ¢l ailhe methgileafelaimge HECENT BCHERRICAMPTinESHCRka g digital

R RIS FRT Sl SRE T oML B il Rlcab SR oo wob
processing the digital information fromeach of the
operations to produce |ocal anonmaly data for .each.o

6. { he 19 EIRACHE T Bg _&al%g%}ﬁr%@lgtcaéprlé%@aaensrﬁa%ﬁggﬁaQt a

infb@hatRAGHP el QRRSASHIMEStoU&s RELAHE Bndd W@ ihe web.
anomaly information 1n accordance wth the registered
position data.14. The nethod of claim 13, further

7. gg gﬁil Ia %i{eg% éi?Pga ﬁ%\{%}l ]1r’1 %@%ﬁeﬂéfeq%s ef{%g%grg{pigﬁ?ﬁ % ]éat{ﬂ%ieacc}?rrgﬁpondence
befifdn @RQMRItioR HafCRIRS@NMro@Ghb Bl nded 6CthS opdtalidt rv@Rding 2.

The nmethod of claim1, further conprising processing
compengegnentlof thefwetmat i on to produce | ocal defect data
directly fromthe digital information. 16. The nethod
of claiml1, further conprising applying an additiona
8. set Tat nfdtibidcd falaimiEl, khetcin pérforvits MplubalAY of EeSiticd@8 ombriscs
t he operations. 17, A systemconprising.: a plurality
peigprnypg sxcdd dha pperations An geivedy wratfa¢tutagd lishe oper ati on
on a web; a plurality of data gathering devices
positioned within the plurality of operations, wherein
9. eacThoincthvel afatamdattherdimper@mices peedite of o@drdtions comprises
retrieves digital lnfgrnatLo m at. | east a Portio

fr
perdernipg aleest OB PRGN e iRt Laten fhsrHeh Joqts: 0 EHRITE SPHEY e

regtQFRBh BF thelRsifbRegRS the digital information to
produce | ocal data for each of the operations, wherein

the local data for each of the operations includes
nor.e r.e

position dat Qr pone or Lons. on the weh; a .
10 orpie SRt oSS p e S RETEBLREIGAT 2R gn5 P e KoY umrises
strétefing HRrwenmht Rast diR dPhiy ahiit ¥r plaxRRBfeatidRNS toO

produce aggregate data; and a conversion contro

systemthat analyzes at |east a portion of the

11 glg gﬁﬁg %eﬁlo%agf%la%dl , w'fl%}eh? blér?olf‘hﬁngaa 5&?M&§ 8f g&rgtf)orﬁts rcgﬂnprises

performing the first operation on a first manufacturing line and performing the second

operation on a second manufacturing line.

12. The method of claim 1, wherein generating digital information comprises

generating anomaly information for the web.

13. The method of claim 12, further comprising

processing the digital information from each of the operations to produce local
anomaly data for each of the operations; and

registering the local anomaly data for each of the operations to produce aggregate

anomaly information in accordance with the registered position data.
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18. The systemof claim 17, wherein a first one of the
plurality of processes is located on a first
woremwahastsiri ng |ine and a second one of the plRCEIUB10Y8/066513
of processes is |ocated on a second nmanufacturing
line. 19. The system of claim 17, wherein the data
gathering devices are configured to retrieve digital
i nformati on corresponding to anomalies of the web. 20.
The Q [ f
14 Tﬁ%{ g{re?mtdogf C?%@els@ s %he}[\@d&gﬁ én?é %1%11 or %ll%ér%P% Oertlon of the
ag@egﬁftd: gmb‘rﬁzdy lm"fopnalmae dbteaaine avtachad fithe atandl@s rqaedenodctual
%he 0 ions, wherein the conputer that registers
defepfs i ﬂ¥90n data is configured to register the
anomaly data to produce aggregate anonaly data, and
wherein the conversion control systemis configured to
15 anallz enctlivel gtpimglafietlen combysivapmctsmgthe digitel ioformptien to

rdfnEy Bl I HFReOntE ELTLGHEER R TR Fespect i ve

region of the web. 2 1. The systemof claim 17,

wherein the data gathering devices are configured to
16y et rTuhemeﬂmdgnftcéﬁlmu hf@thﬁ&?@@hﬂ@ng epnlyiyg eorddéisipor ety fidycial

| t m of claim17,
g%4£%ﬁewg? eas ongeg ﬂF e%x'?}é?gatherlng devi ces
conprises at |east one of an X-Ray, an ultrasound, an
ultraviolet (UV) canmera, a UV sensor, an infrared (IR

canméy WSCHhCOMPIEdEor , a nachi ne vision system a beta
gaug 1ur 1t8 giéo%gésegﬁfa{ ?acdallp%ﬁgﬁlq bt 180 otk Bg Et%{p&laafeb

spec , a spectr canera, a capacltance
gau g@lurallltylolﬁ tieuafgaﬁxaﬁng dé\dcaqmsibibnedawhhmehﬂpmsa]ﬂﬁ pf Gperations
t hr ee- nsional (3D), surface profiler a d| i tal
WhetsiRy ¢ 3 QUGS e Eashering degigon eaughii a@%ﬁﬂ&ﬁ%ﬂ{)&%ﬂém rmation from
at E%ﬁrﬁoﬁi&hgof the %B ?J’@%@ld%%gﬁia%ﬁo%@nd efining a set of
rules; an interface to receive local data froma

plu oné Pt wowf codiffufas trrodat theabgita enformgatrondhiprmkice local data for

co TS freSetioheatPomebt Rep il BTG S fhae ERfis positon
datdhFer Gclor @asih ré@cloﬂsftﬁa tRE QeBsses generates digital
i nformation incl ud|n§1p03|t|on data for a set

of
r eghGABIPBIST thabrogetsrs Hieqwmpian dptatdishe loedjidgtadpscachof the plurality
of ?ﬁe%twn%rt]o El%:d;ﬁlceo{ggn%%téf L&a l,,gttribute information for

e plurati actdring process lines to

pr odueevagdgil egatod spdtdrh ithui healyrek @t Rastiagrti@nef the aggregate data
conversion control eng |ne that applies the rules to

and Higt Qpyie §LPBYARIPR P%‘E}foé plan.

18. The system of claim 17, wherein a first one of the plurality of processes is located
on a first manufacturing line and a second one of the plurality of processes is located on a

second manufacturing line.

19. The system of claim 17, wherein the data gathering devices are configured to

retrieve digital information corresponding to anomalies of the web.
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information to determ ne which regions of the web

conformto various quality levels for a plurality of
WEe@dooesss 24. The conversion control system of PCI/EBI908/066513

23, wherein the conversion control engine applies the

rules to determ ne a value for at |east one product

sel ection paraneter for each of a plurality of

products, wherein the conversion control engine

sel products for conversion of the web
2Obasgﬁggﬁﬁgﬁg?g%%£?%ﬁned val ues.

wherein the one or more computers to process the digital information are
configured to produce local anomaly data for each of the operations,

wherein the computer that registers the position data is configured to register the
anomaly data to produce aggregate anomaly data, and

wherein the conversion control system is configured to analyze the aggregate
anomaly data for the one or more regions of the web to determine whether any of the

anomaly data corresponds to a defect in the respective region of the web.

21.  The system of claim 17, wherein the data gathering devices are configured to

retrieve digital information directly corresponding to defects of the web.

22. The system of claim 17, wherein at least one of the data gathering devices
comprises 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.

23. A conversion control system comprising:

a database to store data defining a set of rules;

an interface to receive local data from a plurality of different data collecting
machines associated with a plurality of processes that each perform at least one operation
on a web of material, wherein each of the processes generates digital information
including position data for a set of regions on the web;

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

a conversion control engine that applies the rules to the aggregate attribute
information to determine which regions of the web conform to various quality levels for a

plurality of products.
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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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