MULTI - ROLLER REG STERED REPEAT DEFECT DETECTI ON OFAVWEB PROCESS LI NE

TECHNI CAL FI ELD [0001] The invention relates to automated inspection

syst ens, woaomo3essparti cul arly, to systens for inspecti RGTAfS2009054363 Wwebs.
BACKGROUND [ 0002] I nspection systens for the analysis of noving web
materi al s have proven critical to nodern manufacturing operations.

I ndustries as varied as netal fabrication, paper, nonwoven materials, and
films rely on these inspection systens for both product certification and
online process nonitoring. [0003] Products created on web process lines are
subject to anomalies or defects from many sources. One particular concern
is web |ine-induced anomalies, such as those created by continuously
rotating equi prMULTIRORLFRBEGISTERED REPEAYDEFECTEPERECTIOPAL t ern.  Such

equi pnent can general ly be deggWatB pROCESQININE Typical rolls utilized
within a web manufacturing line include but are not limted to casting

wheels, pull rolls, niprolls, mcroreplicating rolls, web cl eaning
conponents, and idlers. [0004] E&KﬂﬂN&ﬁﬁléEHﬂﬂ@ surface of a roll may be

damaged ( scrat ched ma ve a cont nlnant irt or other
par ol o) OPFL TR TRRB0 & sl e o BBk TS Y Pttt B by

the roll gy ygﬁ@QMQﬁﬂx%hﬁiéﬂ&bwﬁga@gguse so-called "repeating anonmalies" in
that a new anomaly nay be inparted into the noving web with each rotation

of the roll. On the resultlng web product, these anonalies repeat at a

di stance equal to the roll's circunference in the sanme cross-direction or
"cross-web" position. Wb processBAOKGROAYNDave hundreds of rolls, nmany of
whi ch may have simlar dianeters. ldentifying the specific offending rol

that i ndt{ﬂ@ﬁh]ﬂnﬁ&l@ﬁ@d LREnATOBCYandly sid 8f Bolin F«M’y MRatehfls \ﬁ@&b momp@mﬁuaf fol cul t
wi th conventional inspection systens. [0005] For exanple, commercially

avai | abl eng@sn Mmagplaetuiiog OBVQ’tl@IWB Ipdttsmqsels veliaett dsfietalk fia cacbrronrm@@ampng

defects, including,cro osi,tion _an Qwn- we e t ance... However,
t hese SyS\?/oven ntlatpti(lqacl%la é %rl 1 {Jeilf lthese ¢ ISPSC gi n Swte Sg gorfg)]o eg(r o ﬁertl 18?tf0n
dlanEterﬁmﬁ@nﬁn@pﬂﬁﬁm@mﬁmgﬁﬁg|Ine |n order to extract repeatlng def ect
information fromthe entire data stream Moreover, in _many cases there may
be many i [A0Q3} Producht ¢rarted gn pgb process lines are subject to anomalies or defects from

many sources. One particular concern is web line-induced anomalies, such as those
created by continuously rotating equipment contacting the web in a regular, repeating
pattern. Such equipment can generally be described as a “roll.” Typical rolls utilized
within a web manufacturing line include but are not limited to casting wheels, pull rolls,
nip rolls, microreplicating rolls, web cleaning components, and idlers.

[0004] For example, the surface of a roll may be damaged (e.g., scratched) or a may have
a contaminant (e.g., dirt or other particle) that induces an anomaly or defect in the moving
web carried by the roll. Moreover, the roll can cause so-called “repeating anomalies” in
that a new anomaly may be imparted into the moving web with each rotation of the roll.
On the resulting web product, these anomalies repeat at a distance equal to the roll’s
circumference in the same cross-direction or “cross-web” position. Web process lines
may have hundreds of rolls, many of which may have similar diameters. Identifying the
specific offending roll that induced a repeating anomaly or defect within the web can be
difficult with conventional inspection systems.

[0005] For example, commercially available web inspection systems provide
identification of repeating defects, including cross-web position and down-web repeat
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within a given web process line wth circunferences that are near a given
repeat di stance of a repeating anomaly, making defect-causing rol

i denti fi cwOi20m/@30488i cult. As one exanple, a | ength ori eRCEUSIVIASF6I M
maki ng |ine may have nunerous rolls (e.g., twelve or nore), all of

nom nally the sanme eight-inch dianeter. It is often difficult to determ ne
the uni que defect-causing roll using traditional nethods due in part to

sl i ght vahistanceo hlpwayer thene systenay typisally sruirpa paor dnpyledep oberdstinggall

convent i : t - | i.glortion
(o g sy A ot PRy W e ol ARG Rl ing B A AT L L e

i nspect i entisyddt@sreakurVbsoyen) ndoewresteticreahdy bhmagerlldre onothedrofls ocess | i ne

can al so occur. .For exanple,. a six-inch dianeter roll nmay be replaced by a
five-i nchVdiamsEn "i‘% H’rggfﬁéi hPFéV’ 1%&&?\@?%?@88 f #§ PFEFREY gIH@PE%tdés.ta@F ocess

oper at or %f%%ﬁ&tiﬁ% Qﬂﬁﬁélk%ﬂling"épfektﬂéaﬂ%ﬁg sl &%{ﬁﬁ&%rdl W BRh1 N]L ofdECK the

changed roll ‘as the soufce of anomal i es or he ects due to the change not
bei ng docummpiced langth ermtasswnidt tilaneliee nefy hahenuoédoubmillsge gnowelveot .

SUMVARY [ 0006] I eneral . this.application descrjbe echnigues. for the
Ut ormt edMRL Ll PRI s 1o SIEREne B e By e BpSita e s
descri be%n'ftﬁfeQi_efbc?-@éimt% al u@iﬁfgmhwﬁal‘ MEAEES AR PYS k&M Ihe vaigiongaui sh

bet ween anomal i es that occur repeatedly froman identifiable source and

random arfserasteesf dagh ofuhicscrods sbuaddétiamagonventigna! gestemsdrn abce unabde toai n
el ements of a b manuf acgturi.ng, lin int-r,odu repe onal.ies or
Coracts i Rhofy M UIRPHLE A0 E. Nicftind) B FRAE WGBSR S ROCTRNES, O

her ei n asolluod lit, well ingpecto p@tdm.t Rerthie bundis cirheritédror $iasgdsie a Syedipesacsay
i ntroduce repeated anonmlies into the web at regular intervals. In
accor dandBerp Blsp Reckre ERREXIREC. dedEIch sipriipigiol mayhke rspipestalyedilveréséct i on

system i i f L%ﬁgﬁ e | 4 Wit bl d determ ne

t he sourggm%ggt gj%%o ||§§UB$§%§%#§§B%§Fﬁ§?“o5%?? 6&%§%$g$ﬁg@nanufacturing
i ne to |leaatrgiohhlereniasmgdcyion syssdnmgmeihe netnthetlothe epaiged ooll aethk acwct bt

of fendi ng el epent. Although expl ai ned. for exenpl a rposes in reference
to anomal4"@RalesRY 4@3%@{33@@6 B9 %&ewgrd@mn%ﬁé M@a&?we& e ¢fo
defects,tﬁ@gﬂpﬁﬁ%ég&@ﬁgﬁpnalies is used herein to nmean potential or actual

defects. [0007] described herein, the web inspection systemidentifies
positions of anonmalies or defects within the web and then correl ates those

positions with roll synchronization,si qnabs,

[0006] In general, this application describes techniques for the automated inspection of
moving webs. More specifically, the techniques described herein enable an automated
inspection system to distinguish between anomalies that occur repeatedly from an
identifiable source and random anomalies for which a source may not be determinable.
Certain elements of a web manufacturing line may introduce repeated anomalies or defects
into the web. For example, idler rollers, generally referred to herein as “rolls,” that
support the web as it traverses the system may introduce repeated anomalies into the web
at regular intervals. In accordance with the techniques described herein, the automated
inspection system may identify these repeated anomalies within the web and determine the
source of the anomalies. This may permit operators of the manufacturing line to locate the
anomaly-causing element to repair or replace the offending element. Although explained

for exemplary purposes in reference to anomalies, the techniques described herein may be



that were received during the manufacturing of the web. For exanple, each
roll of interest for a web manufacturing process is equipped with a
synchroniwatown3mssk. During manufacturing of the web, PoE/UseWIOMIpRCti ONn
systemreceives a roll synchronization signal fromeach of the rolls
indicating that the respective roll has conpleted a full rotation. The web
i nspection systemrecords the position of each occurrence of these

synchr onlri%ﬁlf/ cPPHed tesdaffath apd disdenm anpmaliss owahbercpoeingaspatenéaloidi nat e
system Eﬁﬁlwﬁgé {aspection systemthen correlates positional data of the
roll sync ronlza I'on signals with positional data for the anonalies or

def ects. [DO@N&]s descobuel lendindheaerd inspbeionmy et identifies @osigonsed ahomaliesedrhod

conprisin receIV|n roll nchr o |zat|on SI nals fr luralit
sensors dFeE KNI WS‘%E‘I&% %@i‘gi‘t@?ﬁ o e A BTy efonias iy mals

correspondg vfyé?e ?ecgivfeﬁ ﬁﬁﬁﬁ% the %a{n%"fac‘%lfrnfg*}ﬁ tﬂﬁe@eﬁmﬁ&f&ﬁ gfe' Q&h%ﬁ b?{ﬁter@ﬁd

wherein each of the roll Synchronization signals indi cafes that the
correspodﬁrmg@bmkmeﬁwhmmgmompmem@qmap&UWhhmGyEMK@m2dumungknﬁhmmgctur|ng of

a web of nat rlal E hgﬁ rtheg co rises.receiﬁ 8%&?no ﬁ data from
a web ms“B e GWS MSPETHY SPSET PERES S 0an T80 t he web.
The net hcsqigﬂaufrbﬁeerac@@melr&@ssmuféMg fhid the rép&@ive @611 haweoRipled & faf t he
anonal i es as repeated, identifying which OF the rollers caused the repeated

anonal i egowyiosol hewab mgecztwg smsismtrﬁmﬁés i&F ppsidon @bwh@dcmpf thesani th t he
rol | Syncgﬁc rllrlo%l ‘ ol ?%I'h( watlh Tes %88¥tdﬁyvtn%vl ?R% Jlaona(ii 0 Cfdlna e systgﬁleolthet he

offendlng ohe 0 e 70 Iers n ano I'nventi on

i's directwesh 1Tn§pe%t161)l§}'iswﬁh ﬁﬁﬁmbtrsllaﬂ:g pasifibidl dhtatof tf rofllGkhehisnikdliodGignakt Wi th a
web of material, wherein two or nore of the rollers each include a

synchr oni st pesitionst date &oritheirnomadicspedefette cor r espondi ng roIIer has
conpl et e §] l“ﬂllonE 9{11%5&1 nt, -[ltfbe %%(Iﬁfo?lrﬁ Hﬁlﬁét&pﬁsa lﬁetﬂb&' E&hi)ltlé{n ﬁlgm&ro%lhe

synchron |on mar kK reader’s read the synchroni zat
pluralit ySyQCEhromlzdltB:mSSl@ﬂdk fmmh[aqﬂumbﬂylofsymm«fm welt memifsctgrimg systdﬁach of the

roll synchronizatio nal s indic tes t th orrespondi ng rol |l er has
conpl et ettt OTFSPITRYO e fien HSYigY of e WRBEMErTHSTEYE: em al s
i ncl udes @ﬁeﬁnmﬂ@he@ﬁ e%Eh BP@&%trol@E'ﬁlcﬁfonﬁﬁﬁoﬁ gﬂgh% Sndifidds tRAttRUt s a position
signal indicafive of a down web di'stance of the web, and an I nspection

systen1thanfﬂnmpeeneﬂmﬂesmemphndiUMprmEamMmmgmmmu&mumMgwfdy@hgfp05|t|ons

RN R S T AT R
system that identifies positions of anomalies on the web. The method further comprises
identifying a set of two or more of the anomalies as repeated, identifying which of the
rollers caused the repeated anomalies by correlating the positions of the repeated
anomalies with the roll synchronization signals, and outputting an identification of the
offending one of the rollers.
[0009] In another embodiment, the invention is directed to a system comprising a plurality
of rollers in contact with a web of material, wherein two or more of the rollers cach
include a synchronization mark to indicate when the corresponding roller has completed a
full rotation. The system includes a plurality of synchronization mark readers that read the
synchronization marks of the plurality of rollers and output roll synchronization signals.
Each of the roll synchronization signals indicates that the corresponding roller has
completed a full rotation during manufacturing of the web. The system also includes an

encoder on at least one of the rollers that outputs a position signal indicative of a down-

web distance of the web, and an inspection system that inspects the web and outputs
3



signals fromthe synchroni zation mark readers, and converts the occurrence
of each of the roll synchronization signals into down-web positions within
a coor di MDelsyst4sm associ ated with web process |ine. ARCIASBRI0S446DMPUL er
processes the anonmaly data to identify a set of two or nore of the

anonel i es as repeated anonalies. The anal ysis conputer outputs an

i ndi cation of which of the rollers caused the repeated anonalies by

correl at Mﬂ@mta]fi’eda;%@ie{ﬂil@% reopitioRe of gealisyonm HisiEgl- b SYiRGFPHFEOA B - web
poOSi t i Onsre@efn{ef] Qf?e (%Ilt frgﬁfl tﬁ@‘teh ersérgintﬁ% glurzhﬂg%)?}olll ag@ghﬁgﬁon

enbodi nment ventl o rected to a r-rea storage nedi um
cont ai ni n;mmmfﬁ(ward& smshmmaﬁMark'ﬁhmdamahd ummeﬁnﬂlecuwmeeme i ogrthaofniad| e
processor ﬂf a conputer. to execute the softwar nstr#ctl ons and perform at

| east sorf8l§ Yncthrc@l%%ﬁlﬁeﬂg&ﬁ@ tgdopigry w&tanﬁ Wlt 4 §QOTFHEL YRR ques
descri bed,sDREREwWITRYBRYdSElLREVAS fal AV A od Qs WA Rly 441£ to

t echni ques nay achi eve SI gni f1cant accuracy I rovenent over conventi onal
syst ens. 1fortiferaetpifawotoherorechtht guesaleans bepcatsd dnemaleasillhy adalfsier ent i at e

roll sizes that d sst This allo an of fendin to be
| dent ;11 aminn Biodinylcigh SRSy 1 Sve 8 e Ptfer el 0P RerelsdRangHutsdi 1 ng

simpl er  apecMBhg tHefdRionSBNMhE &§icdicdREoRERGESSh 1R JOHARRES Sositidh o e, roll he
techni ques al |l ow repeated anonmalies or defects on a web to be detected even

am dst a SWa¢1g@nlﬂMmeﬂigI@iS random def ects. In additi on the t echni ques al | ow

the syst i!ﬂ)ip(ﬁ OIBU%St ere bodlmf:l%c%he%irl‘?e%?é\ﬁgs (ﬁrecte(a % eia%alblgg%lreggon of

the defe cing are even

mul ti pl e mefieatconginhef eftviarainstri@ichsN®he [Iﬁﬁrﬁ&b&ihs @@lﬁefalpi@graﬁlﬂﬁb%] The
details of one or. nore enbodi ments of the invention are set forth in the

acconpanylPRFSHE MhP FFPHITH HeCHe s oftvashinpErasins aheerioragt ivasssomagiect s,

and adva ion will be apparent fromthe description and
dr awi ngs%gﬁgﬁ 1?%5ns]tepﬁo rh\égél}%s BRI EF DESCRI PTI ON OF DRAW NGS [0013] FIG 1

i's a bl odR0ti]agreanehinidues tiesetibejhacigl odapronielt wordkalewdvartagese Aor ¢xampid,ch a

conversioE control systemcontrols conversi on of web materi al {0014 FIG 2
is a bl odRe FAGHTPEY VS SIS ICERE ECRIRRY &P@roéﬁ%ﬁt&oﬁ%‘fonéff’n%ﬂ’ﬂa WS[588t i on

syst em i IFRRxSXFRPhithHRRe BRWALRE MY QGilPHR R entiate roll sizes that differ less

than 25um. This allows an offending roll to be identified from a group of rolls of similar
diameters, thereby enabling simpler and more robust manufacturing process maintenance.
Further, the techniques allow repeated anomalies or defects on a web to be detected even
amidst a large number of random defects. In addition, the techniques allow the system to
measure the exact crossweb and circumferential position of the defect producing area of a
roll, and even differentiate between multiple repeating defects at the same crossweb
position.

[0012] The details of one or more embodiments of the invention are set forth in the
accompanying drawings and the description below. Other features, objects, and
advantages of the invention will be apparent from the description and drawings, and from

the claims.

BRIEF DESCRIPTION OF DRAWINGS

[0013] FIG. 1 is a block diagram illustrating a global network environment in which a

conversion control system controls conversion of web material.
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[0015] FIG 3 is a block diagramillustrating an exenplary enbodi nent of a
web manufacturing systemin an exenpl ary enbodi nent of a web manufacturing
pl ant. [O80&@D10A3AS34 is a block diagramillustrating anPEXAIsRIAF4463

enbodi nent of a renote synchronization unit in greater detail. [0017] FIG
5is a block diagramillustrating a systemthat conbines roll position data
with inspection data to determ ne whether a roller is causing a repeat
anomal y, [AAWIFIGsHis apipelndiggrapnidluptsitingrag exemplapss prapodimentyaf e aRspaetintal v .

[ 0018] FI | Lagr Ll L ing an exanple set of anomaly
data and otrelﬁléislgggé%‘g‘% o\glé]??‘gﬁﬁ%gtltugﬂ??%?n{the rollers. [0019] FIG 7 is a
bl ock di §@0B5hHIG bt a BbeclndiagnmeXlaspdtmgwalexamphrsenbsdmencdfarweénces of
random and repeated anonal i es OOZO%H{I G 8 is a_bl ocl¥ diagramillustrating
an exanplBARGHHHGEIS SR8 SYEIP oY PoEMERk of aoy ctpepulsctufigpift. F1 G 9 is a

fl owchar tjop] d)ustr a4 2{1[510agdﬁél%ﬁpilllﬁﬁt)’atﬁgtaﬂ(%QGﬁlgfar}i dif¥h( W aBefBld €r that is
[0022] Fl & 10 i Mock

causing a repeated anonaly. a block diagramillustrating
an exanplsgnelebnizétam unst idigréaterdletant o | anes for anal ysis of each | ane. [0023]
FIG 11 i f hart, illustrating an exenplary algorithm for t erm ning
the pr esdMREIGHCRS Rabbati Eioahuh oo oa o B oA o) Ponifonyf g P

i1l ustr atih§@cadh @ fPdAEiS®heth&t Lol 1868 caltdml tpbatlIESHRlyPdldINs6 GPas] FI G

1 is a block diagramillustrating a gl obal network environnent 2 in which
conver si or thorollewlis sausingtharapeitanemglyconver si on of web nmaterial. Mre

ifi f uri .. DI t A- 6M f i | t 6
Do e on bl 182 FRbAChHEL RO AR o ML RTINS ARG, P e ©)

form of ve@brespanlighobitiondlefa feae fheabhes. and ship finished web rolls 10 to
converti nﬁﬂsites €73A-8N (converting sites 8). Wb manufacturing plants 6 may

be geogr dPAIYAIIGy 7 ds s blorkdiagerm Hivatraigrngample WethWHA Sefcat oGeYIHECH éint s may

i ncl ude c}ﬁﬁdo(?ﬁaﬂﬁ)fe?e?{@cpﬁ{o%aﬁ ting process lines. Converting sites 8 may be
part of thesanme entity as web manufacturing plants 6. However, in sone

enbodi merfD820]ddaveidd bigels dingmnBillasteatm@ras el cafonfporikesines fovmied fiont the10.
Converti n(gatasoiflﬁag may purchase finished
[0021] FIG. 9 is a flowchart illustrating an exemplary method for identifying a roller that
is causing a repeated anomaly.
[0022] FIG. 10 is a block diagram illustrating an example web that is divided into lanes for
analysis of each lane.
[0023] FIG. 11 is a flowchart illustrating an exemplary algorithm for determining the
presence of a repeated anomaly.

[0024] FIG. 12 is a block diagram illustrating an exemplary user interface.

DETAILED DESCRIPTION

[0025] FIG. 1 is a block diagram illustrating a global network environment 2 in which
conversion control system 4 controls conversion of web material. More specifically, web
manufacturing plants 6A—6M (web manufacturing plants 6) represent manufacturing sites
that produce and ship web material in the form of web rolls 7 between each other and ship
finished web rolls 10 to converting sites 8A—8N (converting sites 8). Web manufacturing
plants 6 may be geographically distributed, and each of the web manufacturing plants may

include one or more manufacturing process lines. Converting sites 8 may be part of the
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web rolls 10 fromweb manufacturing plants 6 and convert finished web rolls
10 into individual sheets for incorporation into products 12 based on grade
| evel s. TWet20i0030488e sel ection process of which sheets #00AISA09H54463

i ncorporated into which of products 12 may be based on which of the grade

| evel s each sheet satisfies. In accordance with the techni ques descri bed
herein, converting sites 8 nay al so receive data regarding anonalies, i.e.
pot ent i alsamefcBbt«s Wb mpuIfagtyingRlantygp Hogyaver, ipsomy enbaidPits, OarHUERE i ng
sites 8 Vv Wl 1.5010 L Rdi -whjch may
be incorg%¥%§%%CﬁﬁPgﬂ%?gﬁﬁﬁﬁg&ﬁge§ﬁ?“?g,gk%g&@ﬁ ?gﬁgigggh%§§%§ﬁ?%%%?oners
14) . [ 00264b dotis ge fiemalveb weabufaotuliag planis® @malyconoat nishedwob adisudadtowe b

mat eri al .t hat be .any sheet-like materi havi n fixed _dinension in
one dir edflshmusme%tﬁ i PeoiP ARG RICHEE bt ?ﬁ%ﬂ@e&wﬂa@s}&%w % the
ort thgn fslglegiiét‘?ﬁﬂob&@ of PRATRNESs HoultEbe TRbGotA SintdWwhidd %g PRMBC@HQ nBlbe

limte netal s, paper, wovens, non-wovens, glass, polyneric filns,

f1 exi bl e tbeder whicbof thergradraevdnsachisbea ohtisfivet Bl accomipn¢oneitiuthe tsdhmimues

mat eri al s, as..st.eel .or_al um nu Wvens generally include various fabrics.
Non- woverlES IR ARG TP BYUpEsics fmads G5are deie frasrtngaiomaliss Hsul at i ng
mat eri al . podnkiaBddfeGs, Ul e frRghe@%RBRLEs 1¢| ERIMANY, QRIEMIR RALYBAY CohvotTs
including |am nates and coated filns. [0027] In order to produce a finished

web rol | firoshedatcbirelly dditnjo fngividunh vegess which may benegorperatal inth deadsictsde
incorporq%%gﬁakn%go %Qdﬂﬁ£§4%?buﬁn&k%Hﬁ ed web rolls 7 may need to undergo
processi ng ron1nuﬁ |ﬁie proce%s Ines €either within one web manufacturing
pl ant, fqooi6)dhaesaal, web rotflachay dongriphantfabliredosebnbtaiinl thwd rhiypbe

manuf acturi ng plants. For eachfprocess,.a'meb roll. is typically used as a
sour ce r oy shechikgmiaterial Ravipep fixed diggensiondn ppe dinegtion a8d 6@ process. After
each pro g i j : L 1t rokl 7 and
noved toﬁgéﬁ???gggﬁgq%%%ﬁﬁ%@h§?%g%éﬁ%%%ﬁ%%ggn%gﬁgag¥QH%%gﬁﬁﬁﬁgnu acturing
pl ant, wheaterialt inctudchlen acnmallingcd tprmctelss@ger, andcagabn-vankhegtasd into a
roll. This process ig repeated until .ultimatel fini shed broll 10 is
pr oduced.PYBZE] Ak ﬁ%ﬁ%cycwﬁ% OGHTAHHORE oo It Moy TAGSECR] ant, f or
exanpl e, WebLiRRUEEG o hiuAdnRhaWoRAs cdRYalREnd8IE ARk Sat e e NBhalveR§ has
finished its processes on web roll 7, but "the anonmaly may | ater becone
undet ect ah¢ledamatrialanoiches payeh, fitomniclet, or insglaph@miaterislicfilrasingkide, for

manuf act uel;clarrrllglePlcl%Q} an Bo’pagl?'espd[f}%lgr% HFI’I?S ilnE:l%ding laminates and coated films.

[0027] In order to produce a finished web roll 10 that is ready for conversion into
individual sheets for incorporation into products 12, unfinished web rolls 7 may need to
undergo processing from multiple process lines either within one web manufacturing
plant, for instance, web manufacturing plant 6A, or within multiple manufacturing plants.
For each process, a web roll is typically used as a source roll from which the web is fed
into the manufacturing process. After each process, the web is typically collected again
into a web roll 7 and moved to a different product line or shipped to a different
manufacturing plant, where it is then unrolled, processed, and again collected into a roll.
This process is repeated until ultimately a finished web roll 10 is produced.

[0028] An anomaly introduced into a web roll 7 by one plant, for example, web
manufacturing plant 6A, may be detectable once plant 6A has finished its processes on
web roll 7, but the anomaly may later become undetectable after another web
manufacturing plant, such as web manufacturing plant 6B, has performed its

manufacturing processes on web roll 7.



manuf acturi ng processes on web roll 7.[0029] For many applications, the web
materials for each of web rolls 7 may have nunerous coatings applied at one
or nore pwodoxa3e+s3l i nes of one or nore web manuf act uri RGTAISAMWA5E63 The
coating is generally applied to an exposed surface of either a base web
material, in the case of the first manufacturing process, or a previously
applied coating in the case of a subsequent manufacturing process. Exanples
of coati r{ggﬂilrfgar@t?@yalanwﬂoé% tha uekiegterials fpogoch @hash sellvherg baee coat i ngs,
nmetalize ' - - ' ' o ' nductive or
noncondugltulﬁ\glég(];1%:%%ﬁ 1{11%24%%?& %o%?k%f%ﬁ@%ﬁ%&elg%% 8%\5%% (?/[g{r}&%gge?)i ng may be
appl i ed tramifdoyuringpaants 6N Tat codimevie bereadlBrdpplicdto anagkpbsdd| syrfacyveticithbea

exposed surface of the b material. Furfher, the web materials be

pat t o1 nedh¥ot Vg BB qooagne %{ﬁﬂ?@uﬁ@gmn@mﬂ% ouP PW@(I%SQ&@EE& or a

gi ven ongqofin WalnE GAsk D 4 suNGud mwﬁﬁcﬂuﬁﬁgﬁ‘f‘&c‘e&n léééﬁip‘?éﬁ%f%&tﬂigé Enial Y
for the web. For S I FI G an

i nformation . exanpl e, a ustrated'in ,

i nspect i cdhsyretsemrflaratsalqy athesioh dacksideecontiygs, metalided cragings, npwrad densiye
acquisition.devices ppsitioned in close proximty to the continuqusly

v ng. B ue HESelRr ongREe e dafeaiieN b e ot o BRARGL B £
appl i ed tfhvdnh@aePmay e appadico dERU Sortib® Bf he W baRatsGA b SRGURIY beier BRI T ONS
of the continuously noving web to obtain digital imge data. The inspection

syst ens reapossdabifaes affiee wabgataial aF withen thoverch matesiads mpyybe patiommedtas pr oduce
so called o Iatgcr%é('i' anomaly information. The anomaly information may include
a plural ilhlf of anonmaly objects that represent distinct areas of the web and

define a [po30]abiring @kh elxanfctugiht ptdoess fobh gk opbysiveBkolbeN bat bomsrcof the
web at the correspondi ng area. An anonaly object nmay define characteristics
such as, PHCCHURRicEs HTHEemabninformgtigh forghe sk Epbsarile aailbstrgiedt he web
or a deviatd .0 : e length
and-w at KO3 &8 ihSRMNh Gchlro? A BRACHS, FAERoP Inch e M Pr mbindy?

char act eracgtisition dhatedefsitivacd frocloexaoyinety te alid amsingswtiembewg lwaeb asthcoone

exenpl ary enbodi nent, inage data may be acquir.ed and ocessed to identify
anomal i eswg’n‘é pf%e?%@ﬁ'%nwe}}’rc%}réég%m&% ar. pﬁflg‘fmg? Bl}%és%géﬁp%%eenti ng each

anonal y. _aﬂcaﬁigﬁi%gfdw_elegs?g@éé&ue&m Bgrtﬁ‘ﬁgklfﬁfefcioﬁﬁh&ﬂglyrn@&iiég @b tPebteh, anomal y

information is detailed in co-pending patent application "Milti-Unit
Process Shaitdl ahaSyduthr bind inspacoort systeni meyanalgte the imaperdatl witloond 41828, 369,

f L ed Jul Yo fRhmE B prod BN LA M8ed EndiRity HHSndlon! TReRhSAEH infRRAASE! ' o7
may include a plurality of anomaly objects that represent distinct areas of the web and
define a plurality of characteristics for the physical deviations of the web at the
corresponding area. An anomaly object may define characteristics such as, for example, a
deviation in width of the anomalous area of the web or a deviation in length of an
anomalous area of the web. Thus the length and width may represent a physical deviation
from predefined characteristics that define, for example, various grade levels. In one
exemplary embodiment, image data may be acquired and processed to identify anomalies
and to form anomaly objects as data structures representing each anomaly. Information
regarding the acquisition and registration of anomaly information is detailed in co-pending
patent application “Multi-Unit Process Spatial Synchronization” to Floeder et al., serial
no. 11/828,369, filed July 26, 2007, assigned to the assignee of the present application, the
entire contents of which are hereby incorporated by reference.

[0031] 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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entire contents of which are hereby incorporated by reference. [0031] In
general, conversion control system 4 applies one or nore defect detection
al gori t hrwotbhawo3nsy be application-specific, i.e., speciPCirase@opsadiicts 12,
to sel ect andgenerate a conversion plan for each web roll 10. A certain
anomaly may result in a defect in one product, for instance product 12A,
whereas the anomaly nmay not cause a defect in a different product, for

i nst ance, SpPigtCEOnYIBionmAEHOE spRhet el oM Ik ahcertat ey masfesvEdn pdstoelct i ons
for processh0frdiubo f&?ﬁﬂ;‘;&?@g 'pg%ugf {Eﬁ@ﬁge{%z{% rrgl}ers ﬂf&ja%)?g%g %1)%&%?({ 5 AgRrigguet s

12, which may uqtlfrate aln elenents
of the prdiffesst protes, for indiancevpbodmanlifBa cEaohi cogv@bianpanGeprayentsdafmddic e

repeat ed .anonal i es or defects into the_web. Fqr ex le, "rolls" that
engage tHBStWéHO%%fSOF Processigr s eures pRndi e flushed, W%&Oﬁé@%mmmﬁ% -ed

anomal i esy kAl ﬁlaﬁ,lﬁlﬁiﬂﬁ\@[g SbROW AktoiRterval s. Exanple rolls utilized within
a web process |ine include casting wheels, pull rolls, nip rolls,

m cr or epl [0032]i Cgtarrotlbmentyebthel peegeishignasonmpom ereb spanafrd turthigenantob heys. | n
accordance with the techni gues descr.ib her ei.n, aut omat ed, j,nspectiqn
Systenm. TEOHEE TSaSHGAORF T HERGT O VG FAETTE oS olidl BEEhEM i 1y
these repgsy fdt fmARk RSpratdshiine IA§ iNeRIuad ebpd et @ hndrhfick ifo SIRUKELatr ol | t hat
i nduced the repeated anomalies. This permts operators to |ocate the

anonal y- cagidmigtesyadsrelpangtle talls usifisedeyithing wep prepess ding includgl casting wieeels,
of fendi n | nt . 033 .d ri;bed in further detajl bel ow. ., each of a
Oeb ot o SIS Mo oS R B ARRE FIRCFeh Rehitht BEERGRHE, bnP R ZNGEfh O}

the web anrcordhesR veie the kaheRuth@seripisidrdionfutorhdtbd mepdctiop BedErag)ictBéd on
signals that were received, during the manufacturing of the web, For

exanpl e, leeed vBhin r%qnuifwwrwlamg? ORreRafRidEBY HerutcRetted MRInAics 2aEN of
manut act Uht Rg, BLARSmAin e BErEo RREMAM IS SYMERLANhARL! i PRlutics UM NG

manuf acturing o I nspection systemrecel ves a

synchr oniaatat@n tslogaalthd anomabacdusofg ddrecnt of the siystdincatl ite gephirat rdphece the
respecti Vo% rqll ?as conpleted a full rotation. The web inspection system
records tHENGREGIT e of these synchronization marks. The web inspection

system t hgp3 oAV &LESHANE AUEYHERNBRIRY, c&ACT 0ol M8pdclbh sk Meantigat i on
signals into the spatial domain of the inspection systemfor correlation

Wi t h posipostioas ofatomafios ot dedccanwrthini ths web adéfheotcerrclp®0 Batjse Phstiomcimth ques

descri beqon(gglggh?on@a\{iog rsgg\lllia 3 Fhat ere ?élcel%g(\{ Sr%r?‘ggt 2 ma'rzlﬁfacﬁf%g%'f flie web. For
example, each roll of interest for a given web manufacturing process of manufacturing
plants 6 may be equipped with a synchronization mark. During manufacturing of the web,
the web inspection system receives a roll synchronization signal from each of the rolls
indicating that the respective roll has completed a full rotation. The web inspection
system records the occurrence of these synchronization marks. The web inspection system
then converts the occurrence of each of the roll synchronization signals into the spatial
domain of the inspection system for correlation with positional data for the anomalies or
defects.
[0034] The techniques described herein may provide several advantages. For example,
the techniques may achieve significant accuracy improvement over conventional systems.
For example, the techniques can be used to easily differentiate roll sizes that differ less
than 25um. This allows an offending roll to be identified from a group of rolls of similar

diameters. Further, the techniques allow repeated anomalies or defects on a web to be

detected even amidst a large number of random defects. In addition, the techniques allow
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the techni ques may achi eve significant accuracy inprovenent over
conventional systens. For exanple, the techniques can be used to easily

di ff er entwanelwmwsh483si zes that differ | ess than 25mm ThiPSTAISR@RO5663
offending roll to be identified froma group of rolls of simlar dianeters.
Further, the techniques allow repeated anonalies or defects on a web to be
detected even am dst a | arge nunber of random defects. In addition, the

t echni queBe BYSfENmBCAYEY iBRFTast AvasFheandrrercasieentel pestiRsbokihg defect
ci rcunf efﬁ&@dgﬂg ROSLEL QM t%lid %J%'ﬁ a‘?ﬁér‘éﬁtﬁat@&gg@g% @gu@g@ft%ﬁgiﬁn (fe?écltﬁ’ ?nat'ﬂg even

differentia et ween nu pl e repeating same ro or at the
sanme crosamebolposattthosamd €0&vlcbpositiber, i N sone cases anonalies often

appear t o conventional inspection systens regardl ess of whether
t he anong_ﬁgﬁﬂ?emthgn ShOTRLCA B TSTIGCP1ien IR S e B BRILTIECEEN o wieb,
However, gktehé r%%%cﬁ@ss%?%dh%ﬁﬁ? thteodngf_?ﬁg QRuinGhe &)b%?dggff S]E\J}‘?)hcyi‘eo‘ﬁ flefects

occur because, exanpl e, anonalies on the one si e web, say the
bottom rmytobyesidreal aelclhyHowatdrngs afensighsey teknowpoocdsdesde dithe aebmal i es on
the top ﬁ%ge Wi || ﬁtill Pe visiple after the fing% nuf ctur'n% ﬁ eration.
Thus, by EEYHCHT W2 E a8 SELEP S BIOMaFIGE O S AP PGPS Bk A8Y % ] ly,

t he i nspafiy Bhh@YSIRMoaAAgARE fIbEGAentHbERsE] BIR aBdmEING oNeRe P sAORAY &1l S on
by storing data specifying the side (i.e., top or bottom on which each

rol | er i el oghbicadcnid fingl menufptngneertiatiasp ddnsd yadrieraliying gheapausa ol fodual
roller in an,. onat nner . t an b u indicating,t ide of
[he Tor | G ARG TR Ale TRARGL. moBh i GBR PRl ARtk S gd Mne bEE

storing tdendakb ik ondydeiralkalke Peciangitheisthl(i.agtophe bdabdm) be whlidhesach
el ectroni c_systens or devices. [0036] The inspection system descri bed
her ei n md9llgras faspicAapd eomelpiiy weh repcatsd shamplyde py infiigdie aplderivprat ed

n . e et . ed
oni 1o | sl QPR TR O ok R VECm (3 B BERR GIEERE D7) suen

anonal i esanomatyhiey digilaying afid tndécaviel tonayschetaegithndite th adatabasaol ower al ert or
war ni ng | evel . Thus @g@ther FOt ntial] advantage .of the techni ques descri bed

herein né?nE@mgW?Wﬁﬁ 313, toUpe, ?ﬁ6n§ﬁﬁ“F%%8F TYig™of anonalies of varying
degrees qpo3gPaldiiketiol QRRA d&tbedhdrsin @ &lcfﬁmgér%ﬁﬁg%ﬁa kislbRbdgyan

exenpl ary enbodi ment of an inspection systém|ocated within a portioh of a
web pr ocebsgcgdrd ecricatcd xaomblasynwedbottom side bl thiervgebphidimtut 8lartofg the Gperdtor,| n t he

cxemet o, FOSSHTE Sy eE el i Racl PSR SRS SRS, ¢ on
the bottom of the web may be designated as at a lower alert or warning level. Thus
another potential advantage of the techniques described herein may be efficiently detecting
and reporting of anomalies of varying degrees of importance.
[0037] FIG. 2 is a block diagram illustrating an exemplary embodiment of an inspection
system located within a portion of a web process line in exemplary web manufacturing
plant 6A of FIG. 1. In the exemplary embodiment, a segment of a web 20 is positioned
between two support rolls 22, 24. Image acquisition devices 26 A—26N (image acquisition
devices 26) are positioned in close proximity to the continuously moving web 20. Image
acquisition devices 26 scan sequential portions of the continuously moving web 20 to
obtain image data. Acquisition computers 27 collect image data from image acquisition
devices 26, and transmit the image data to analysis computer 28 for preliminary analysis.
[0038] Image acquisition devices 26 may be conventional imaging devices that are
capable of reading a sequential portion of the moving web 20 and providing output in the

form of a digital data stream. As shown in FIG. 2, imaging devices 26 may be cameras
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devices 26) are positioned in close proximty to the continuously noving
web 20. Inage acquisition devices 26 scan sequential portions of the

cont i nuousDyRorm3N48g web 20 to obtain inage data. Acqui sSPCTAS2@00p4bErs 27
coll ect image data frominage acquisition devices 26, and transmt the

i mge data to analysis conputer 28 for prelimnary analysis. [0038] |Inmage
acquisition devices 26 may be conventional imaging devices that are capable
of readi rigetalisseliupioyidgia Piitalidats sgramiee arByalpg c4iea 20thaiddditowprNatpesat put

in the focfi 'a?fcoﬁve of! (t)giler %&s,ssturcﬁggp of Sxa (i)é’,wl"asisps Eh$Rrs, nay BB@1128d gsev' ces
26 may be Tanerasthat directly provi'de a digr'ta data Stream or an anal og
camer a wWthéimagiggdaiquisitival deaival Agequendalgidriddn efahy erch éndicaftdtbat thedsatis, such
as, for exanple, |aser scanners, . may_be utilized as the i i ng.acqui sition
devi ce. ACGWERIEM  SHOCHSION BANgIe ke RS S CAMBEST #atret AkhASP i@l qui r ed
by @ SucGhisahoWchinatnfigh fo 4 LAES roRioRUliRot HEAEnS BBALRCE AAESS Rlidbe

conti nuously vi ng we ps to a single ro f sensor elenents or

pi xel s. Exaatpt é aofjuidey itteemagairtchlledinksran aeqarias isngh dsHeranhaybdchdtame

| . Pi fr. | Vg er | tario,
Canaday . IAARGEFTRG DR o Ak o7 SER G5 sb hGHa1 f5in S8 | on
exanpl es (418}, Usl@diliase bx SERBORIRidt 148} RUht@S BotSREGE PRt SRnETHH

(Muni ch, Germany) in conjunction with an anal og to‘digltal converter
[ 0039] THembHdybiniady Geemap el inetign gquihraacnglegda gigiteheonyeit¢ti zat i on of

optic as i€£s. :th assist..in.th rocure fi. the | .Jhe .
assenti JRUyBaaE 2 SpShubdyb ol AU SRR, Bhigk A HERAE s it e
camer a. @pitiagsiash edpro@fembnt of 2l iheifgk e Thedsskinghts mby Bosiidk ped of hght , or
transflected light during the inmaging process. Reflected Light, for
exanpl e, GREICHY: PERK GF sesirac figpm the ameiee ANtisRsmbliss vikize r@ﬂerg@bhw web

surface i , 4
embod ment B BAE or BUENARATIN] AEheGE BEHRSpoL Y RENLITRIR. or er 29
t o col | ecixampld isaxftnpogalile for thadoeaiahiod defects mawwet) b veblsarfasxdatfpineatiohs,duci a

mark contral | er g@ naé j ncl ude one or nore photo-optic sensors for reading
bar codesU6h 2YHEFC PHACRTa from web 20. In addition, fiducial mark

control | gpo4H I%Mm%%ﬁﬁioé{ﬁle%%s, hhiégyl rﬁﬁ&{&?ht@olﬁ%@@c@ﬁ@ol@Edﬁ&ﬁﬁmﬁ'ﬂk%ac{& 86i si on

encoders engaged wth web 20 and/or rollers 22, 24. Based on the position
si gnal s, thicdilesit adll arak posgmntinokeroBon etabrid. fes cposplei aducialowkat i on for
each detectgd fiﬂuciaj ﬁark. Fiduchg{tna%k contrgller.30 comuni cat es the
rol | and PBEPYSGH hr B WEE PBROT BOLECYPRIC U B ot FRAGRS LSy
appl yi ng iafidiatfd &¢bi20Udh addition, fiducial mark controller 30 may receive position signals

from one or more high-precision encoders engaged with web 20 and/or rollers 22, 24.

Based on the position signals, fiducial mark controller 30 determines position information

for each detected fiducial mark. Fiducial mark controller 30 communicates the roll and

position information to analysis computer 28. Techniques for applying and using fiducial

marks to identify specific locations on a web are described in co-pending patent

application “Apparatus and Method for the Automated Marking on Webs of Material” to

Floeder et al., assigned to the assignee of the present application, serial no. 10/826,995,

filed April 19, 2004, the entire contents of which are hereby incorporated by reference.

Although discussed with respect to fiducial marks and a fiducial mark controller 30 and

reader 29, fiducial marks may not be necessary in all embodiments to effect the techniques

described herein. In other embodiments, other means may be used to determine locations

of anomalies and other information on a web without departing from the techniques

described herein.
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marks to identify specific |locations on a web are described in co-pending
patent application "Apparatus and Method for the Automated Marking on Webs
of Mat er iaD20t0003488eder et al, assigned to the assi gneePofl/ush@9psasent
application, serial no. 10/826,995, filed April 19, 2004, the entire
contents of which are hereby incorporated by reference. Although discussed
with respect to fiducial marks and a fiducial mark controller 30 and reader
29, fi dudP8dllnbrakesinepmmider ASarpecseasdmpge streags| TR ARG OMMItEs £8ct t he

techni queg gﬁ?scédrpﬁger% Jﬁb&ssés eré)&l 351 " %ﬁ&?\?}t on@bDRbrd TRARP 2ITBN AR, US ed

to determn ocat1 ons anoma or mation on a Wt ho
depart i ngo feeoarate hecat aﬁmml;quéermk&mrthdjedbnhﬁeeaﬁy 1cQld4d b ABLY soistainargput er 28

processes i nage streans fro isition c u Anal ysi s conputer 28
processesanPﬂ‘éPl%ﬁ %ﬁ&ra@y PR ATy &b E6CGer OF b deniifed R YgorieHms to
generate éoﬁ@%ier@@%ﬁﬁééfs fr&fn%@%é%%rhaﬁahﬁlt aﬂoﬂi%w irﬁe{;%%hﬁ%ntﬁ&g?%§ 4&h web 20

cont ai ning anonalies that may ultimately qualif def ect For each
identifi emicempztming thagainyedy snctpn‘splblwa sit®uadinggotrtsonfefomabt He Amaygres dat a an

possi bl y PRI ARFRIDHU LY a7 BPorBHY b HEEr B GLr e o Brraat Ry cl assi fy
an anOW&ththr[UeOth@fefrh@j Béiniges @&’éct%la@%@% disﬁn%lﬁﬁl?@eﬁ&é% spofd sdrieh@ng®) there
may be uni que defect classes to disti ngui sh bet ween spot s, scrat ches, and

oi | dri pwil diiseOthérapdasecs rn@}ydlaﬁnmmhdm*t\gwntf@tth@émpefsunftdh@rctst 3}1@@@0&6111@@ ects.
|0 Aecor dane ot hidaeaL RIRN AHER, RRE BEHNFOE D ANRLYRISHERNRUt o 28
qﬂ Ci Ct S il anomna

may further deter ause

defect. [WR4Rbf Badeds omaﬁbﬁorﬂaﬁlrﬁdywau%ad@efmoduced by f| dUCI aI mark
controller 30, analysis conputer 28 determ nes the spati al p05| tion of each

anomal y P94 rB%Sﬁ%O%%rmsxﬁ@péia%ﬂ;mwe)by{mmﬁmé%@n ol 30Tarplysis | based on
the posi tdoﬂ{b#ge?gg dfe{eﬁﬁl 35 ﬂ%é%g%@ﬁglho&% Jcﬂ'ah a@z%t AYlopd &&Q?%& e% 28

det er mi nes Y, pos z position each anonma
coor di nated tlsysbesss tlmedszyt 1%, fhesauor thapoptiac éss fﬂormﬁducEailmaek aajmfcéler ao,

coordi nat e stem ma defined such that e x di nsi o epresents a

di st ance agef%%owgbt%égﬁseg;ma%@ﬁé wnfié)aﬁ%@érﬁ@sgwa. Q1 &5 én%neﬁwl M engt h
of the waR, co"d}dl’fn% s§st@1hr{}%,@c§b§9{herc%%ﬁt5&8&e%s ﬁn@eF&rbtxa F;let, E!%oc‘ﬁ%ﬁrate?’!%t%ﬂl may be
based on the nunber " of coatings, materials or other layers previously

appl i ed tmayt bedefmiod shtir thattbe x danemrqnglepcreﬁ@ms : du@tam;e across vobotdiamat e system

[r;',' )F;i Egl F %E%%I}a%pae&&gg a dls?ancleg 0?'1}; Ia?engv\fl P tlhe wWe eaI{J trhg %edsrnensmn feprers]gnts a
height of the web, which may be based on the number of coatings, materials or other
layers previously applied to the web. Moreover, an origin for the x, y, z coordinate system
may be defined at a physical location within the process line, and is typically associated
with an initial feed placement of the web 20.
[0043] In any case, analysis computer 28 records in database 32 the spatial location of
cach anomaly with respect to the coordinate system of the process line, this information
being referred to herein as local anomaly information. That is, analysis computer 28
stores the local anomaly information for web 20, including roll information for the web 20
and position information for each anomaly, within database 32. Analysis computer 28
may also record, for each anomaly, those products of products 12 for which the anomaly
may cause a defect. Database 32 may be implemented in any of a number of different
forms including a data storage file or one or more database management systems (DBMS)

executing on one or more database servers. The database management systems may be,

for example, a relational (RDBMS), hierarchical (HDBMS), multidimensional (MDBMY),
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with an initial feed placenent of the web 20. [0043] In any case, analysis
conputer 28 records in database 32 the spatial |ocation of each anomaly

Wi th respwot2oton3v4se coor di nate system of the process | i RET/USRIW/0B436Dr mat i on
being referred to herein as |local anomaly information. That is, analysis
conputer 28 stores the |local anomaly information for web 20, including roll
information for the web 20 and position_ information for each anonaly,

wi t hi n dabigsheaenied (QIRBMps910Q P obgechigjatipnal(QRIBMS) despassach anomal v,
th .
ose pr qﬂﬁﬁ%afg}g’% &88}1%5011%% gﬁhle\'\@ét%]aﬁé B8 #ggf?{%ft 5 fcr%ﬁ%nﬁ Hehas

Dat abase ément ed a nu Ferent forms
i ncl udi ngravidad by SQQrS&ag&rW fremd‘vhcmmftn(forpmaaomat abase managenent syst ens

(DBMB) e i op one or base ser v rs. The databas enent
syst ems ﬁ-ﬁ%e&?@dﬁe BESRINES e RO ﬁ/é‘)anSfH}t%&“Sr‘i&ﬁ] Rlpcted
mul ti di %b@g@h t@llggﬁb@gloﬁ ROLRES! sQEck Rt |8 nét%ﬁg@ gsina@};smo&hgﬁ

one dat abase 32

rel ati onal dat abase managenent system anpl e
is inpl erﬁémoadnmceaestbb aill whermatian abwsk aptlm\,lo@édncbmal$@foseattwra(ndn) from

M crosoft Cor or al i.on. [0044] Once th roc ended,...an conput er
26" ¢ ans ISR Yo R EEHPIREEFstoN ROUE SPUSE T35 1 SeBRIEPTHBR SHlETof oyst em
4 vi a netayaRXis9 FoSpe@iflé, aid inYornAfah Wil HecomPiinedatedhyCRIFHNI£a8S the rol |
information as well as the | ocal anonmaly information and respective

sub- i rragesyntlﬁoméatm@‘t\mwncbmbﬂsﬂ 32s§l§1t<@mersmrcosm<ﬂ§@efg@rﬂ Ingpfki ne, detail ed
anal ysi s. ernb rﬁene% Verglolﬁ nq;o? TP ?%n?e LN r%ﬁué?S' otb%rowac){s ?5
h &% abasye

dat abase synchronr za 1 On vveen nd conver sion system

4. In soner &ﬁhﬁ@aﬂemosnalﬁﬁmyea@e@me«f@ntrmbr s hienyds corypud@izs rome datiose
products of products 12 for which each anomaly nmay cause a defect, rather

t han anal 9§'ih§ @bﬁbﬁ@lfw@b rolg 10 bavkecs goHeqtest ingdatabpseni Zs thelafiemay B¢ psefidonhas been
col lecte g So% tﬁ@weh'?@ll daha JR¥ IP%H SQLtt)iEaQe W@w‘%ﬁ%ﬁl dbf'eﬁlo%bltehe web

roll, eit Irec Iy on e surface o a renova

washabl e omalsha‘trb@ mark, ar ooy eovabeadt thatatayrveyapplecdapphé edb befotder duetngbef ore or
during markin anomalies on the web. [0045] FIG 3 is a block diagram
i|lust ratrp?ﬁ%“% taﬁ%l?laléee“toé‘ltﬁgwﬁlf’ an exenpl ary web process line 40 in an

exenpl ar nov@@ F’I@nyi@%w& ang ﬁhﬁ'ﬂhstreﬁr g fuMER d'%ﬁ'ﬂ%ﬁ% eszénqgarplv@é%t 8éRf FI G
1. That is shows a yp| cal web process line having various rolls.

For ex arrpline 40ahtah @&ghplfaryrweh mphmfecmyng:p@nt 2.gs elvsnaonfagturag etant 6Alod F3G.
46A- 46N, PIARER i(j} 1% shows rr@’plca? web process line having various rolls. For example,
although for simplicity FIG. 2 shows only idler rollers 46 A-46N, process line 40 may have
numerous types of rollers including idlers, pull rolls, length orienters, coating rolls, and the
like. In some cases, web process line may have well over one hundred or more rolls along
the entire traversal path of web 40. Manufacturing system 40 may be part of the same
manufacturing line as the inspection system of FIG. 2, or manufacturing system 40 may be
part of a different manufacturing line than the inspection system of FIG. 2.

[0046] Manufacturing system 40 produces web 44, typically by pulling a substrate from
lead roller 41 through manufacturing components 48 A—48M (manufacturing components
48) to produce web 44 that is collected onto web roller 42. Accordingly, web 44 may
traverse web manufacturing components 48, which may manufacture web 44 in various
ways. For example, one of manufacturing components 48, ¢.g. manufacturing component
48 A, may apply a coating to web 44.

[0047] Idler rollers 46 A—46N (idler rollers 46) provide support for web 44 as web 44

traverses web manufacturing system 40. That is, web 44 may rest upon idler rollers 46
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nunerous types of rollers including idlers, pull rolls, length orienters,
coating rolls, and the like. In sone cases, web process |line nay have wel |
over one WOrdrog3o488 nore rolls along the entire traver s&CT®R0vIOS44680 40.
Manuf acturi ng system 40 nay be part of the same nmanufacturing line as the
i nspection systemof FIG 2, or manufacturing system 40 may be part of a
di fferent manufacturing I|ne than the inspection systemof FIG 2. [0046]

Manuf act U ignsipEsonms manyiuingekomarrnaactyrig compopcny 4huflthorghddienbst r at e
f I I 4%
(nghfggShggﬁégcoﬁg%ﬁ%EEQH%Q?B?g%%?§éﬁégﬁagggggggﬁg¥ﬁ¥% @%ﬁ? cPed onto web
rol | er 4Znokabey ahdefdcys, intwebeidd. Nyt cdxempkr see mraborrasmﬁﬁﬂlmtollensmg ngnponent S
48, which fact 4 F

manuf act maﬁé i E%%ﬁﬁﬁt%rgeﬁgfeg 44 Althapgh é@%{%ﬁ 31&5%%%%%2%{ gsaélerggg apply a
coating tcﬁ’héﬁ%eﬁ%f rc[lpg&cﬂ asl cqgtﬁ{g \Kzﬁ’éellse gl flcﬁﬁ ﬂ’%h‘oﬁé %1'§1ror%ﬂlclat‘ﬁ{gsroﬂ§)orpr ovi de

support for web 44 as web raverse ufacturing system 40. That

is, web Mehmstann@d;ommnnusdh@y be pich@t sn web\/mahefauwdag gwiterg 4framuiddtionrtd ng
fron1nanufac AUri hough, i dl.er .rol.l ers 46 may, be

necessar ol SHBIFPBSERe Dhiias Cahmard s G HsRLn 7 ol e e

anonel i esyigH idikefr8Itdrs, tuftsh Vedpphidd td-aiy 18 TR tErestAAENIR EnePELpBEesk tiher rol lers
46 may scratch the bottom side of web 44. Al t hough di scussed with respect

to idler Thelusep§idg YOkarﬁ@rmﬁlyb@@ce@mlw[fqr thgn@mo@sofmgmﬁgatm%l s, pull
rolls, r{pﬂiéﬂ'"ﬂ‘he tegﬂn 2k gzl()pleu%g(ti h@tgm 18entlj6 pgsltlon J%Pgr%nfl sgorcd%ﬁ'}%% \?/1‘[ iR may

be prese t'uri ng sy o or i eu

i dl er rolthetab4hd c&b&l@te&ﬁtﬁebeﬁh@mmﬁﬁrcﬂmw@ﬁdaﬂﬁ@fﬁgmnl@rlebrmamblematcﬁd to
use with idler rollers, but can be applied to any roll of interest within
the web ﬁpB@éggerWtrf@raWﬁbn@@BfaewrmamceMQ BRg i’%qtﬁﬂ?eéil‘ylﬂb%é%ﬁ?cé#"? for the

purpose %@zn&#@i%éﬁ ndthAR 7 ALOAGBE TG %YS&%he We 1%3124 5&?95(? | dentify

posi tions”o anona ies or defects wt corre hose
posi t i ongswichionizakibn sanicteaders 28} aronssicaal with Eawh onx afrﬁieafplleaf‘clhtelr@k | of

et i VEDy e GHT SR i0 RS SRTINOT PR Ahe TS SHePET SO k
readers Q4 SNCK sYHHBRBRIZZRS] ﬁarmad%rg ?@Hﬁ&%eé%wﬁéﬁh@%é&@épéﬁcﬁﬁ ¥he h each

one of the rolls of “interest (each one of idler rollers 46 in thls exanpl e)
f or sensiafi gdltlh@UﬁES‘kﬁd@B inade g\fnld hotetmnzand then erait k rolEsptvhamizying kigoaliinat i on

AN IR TR RS A RTREE  R
synchronization mark readers 50 may output a short pulse upon a complete rotation of the
respective one of rollers 46, and the leading edge of each short pulse may indicate the
complete rotation has been detected. In one embodiment, each of synchronization mark
readers 50 may be a photo-optic sensor. For example, readers 50 may be from the D10
Family of sensors from Banner Engineering Corp. In general, readers 50 detect
corresponding synchronization marks 47 as the marks rotate past the reader. In the
example embodiment, synchronization marks 47 may be a target such as a retro-reflecting
material or a machined section of the roll. Upon detecting reference point synchronization
marks 47 on a corresponding one of rollers 46, the one of readers 50 outputs the
synchronization mark signal. Therefore, each of readers 50 outputs a discrete signal for
cach rotation of the corresponding one of rollers 46.

[0049] To aid converting the roll synchronization signals into a spatial domain of a
coordinate system associated with web process line 40, a rotational encoder is affixed to

one or more rolls along the process line. In this example, rotational encoder 52 is affixed
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the formof a trigger pulse, which renote synchronization unit 54 detects.
That is, each of synchronization mark readers 50 may output a short pul se
upon a conpl2eto3p4sBat i on of the respective one of roll ePSTAB0008446he

| eadi ng edge of each short pulse may indicate the conplete rotation has
been detected. In one enbodi nent, each of synchronization mark readers 50
may be a photo-optic sensor. For exanple, readers 50 may be fromthe D O
Fani |y oftogehdeler 4r dnotsnpabodirsnitedt s1sgdaonsy, bq wedavitrane ormagef s 50

det ect C%fl@ﬁﬂ@”ﬁ’ll&g %Pﬁﬂa[dgﬂi&l% 'éﬁ'&o&@%s Eﬁ‘iZo sHNg 5@981%&% nfAst the

r eader. e exa I men nchronlz I on’ mar be-a target
such as &ermmmeﬁceﬂéréxanemsmeenmlr @lthea cmbobinead mectitilon omfﬁerttjq&s bl 1. Upon

detecting reference point, synchronization rks 47 o respan one
of rol | erROsiign S?‘F?@“o‘ﬁ&“&? GF%QIH&%“B ¢ ‘iﬂdﬁhg%‘t‘tﬁ'étség} ﬁE’ﬁF%?ﬁ\o Du8S %nﬂh’?%
signal . Td?f%eﬁl Nrhrdidsel ©the" ﬁ%ﬁ@él%&%n@ﬂ% B Sb Fblfék &Prﬁ&f‘ex% g[@knd‘o%r each

rotation of € correspondi ng one of | ers 46. 1'd converting
the rol | ¥ymghewniazati¢sorf psuilsgm&bwacmtomatwnsqfastabablldoﬂmln ooé elabcdlmecit hat e

systen1a5500| t ed ess ne 40, a raotational cod is affixed
y one. ol ABPE: Foionet I HRgcPHAS G RLbal Ry qiidhs LR RS s onal
encoder 5 k§(ﬁkggﬁ@gﬂgamﬁgwroller 4 1. In other enbodi nents, an encoder

may be use one or noré of rollers 46 in lieu of, or in addition to,
encoder H905W ke serhranizagne u@ﬁﬁémw therwltl@@alapléseﬁ drognensader Parndd

pOSI tion tﬁe I'O%Pa]gChI‘OIllZflthIl Sl%IgaIS TO C % rltz!gy OIS%I%tI'hae({er é{)o E}Il%, GHGIQP Ltion

sensors or enc utputs an e rca puI se

train thdbgicsl iy tet 1Hyntﬁw§®bﬁ@lm %eﬁbﬂs@fmﬁ Jahysiatigh withwRo® of idtdr rotedes r ol | er
4 1. For exanpl e, encoder 52 may emt a series of pulses for each rotation

of web rdit dior gxamplepfop prehefissionerst renoss SY@J@BWBV@“%H@&&‘MWG? Rsrefiil four
mllion p&&,‘[ngagg%fﬁgg&ﬁgﬁ% ac’s@nﬁst %C@Jngvéa%h%gt&gg&t sBeG %@ lﬁ{g Rkl L1 onal

accuracy synchroni zation unit recel ve positiona
pul ses f rameumficocterof s&pactd ctrbkbert dath whsémmmczsabimndmggmail& rbl@mo6A, for

synchroni zati on. mar k readers 50 and gen es.a logical map.that identifies
vari ous seéempf?nls@n@f%she&ﬁ ﬁé)?o ing e@% elgraﬁhé%f‘@we&tr%%ﬁpqn&mgépédl% For
exanpl e, 08 KA 1@1‘91%@1@5 QJnhearvseb BB BaBITRERp s %@fdl&r}om&u%cgé 1§Ig¢| des

the spatial domain of the web into a series of sections, each
sect i ons ibdicnglrathid wig rasott Kenahirenszatibeneriéd usés the ppetonal datadidneencoach web

AR CEHERERE R AT TN AL EERLIE AN
the roll synchronization signals into the spatial domain of the coordinate system for
process 40 for determining web sections within the spatial domain for each or the rollers
of interest. As a result, remote synchronization unit 54 need not require a priori data
regarding the exact diameter of each of rollers 46 in order to determine the web sections
and ultimate detect repeated defects.

[0051] In some cases, some or all of the rolls of interest may have approximately the same
diameter. For example, a subset or all of idler rollers 46 may have approximately the
same diameter of six inches. However, this subset of idler rollers 46 typically does not
have exactly the same diameter due to manufacturing variability. For example, the
diameter of idler roller 46A may be 6.01 inches, the diameter of idler roller 46B may be
6.02 inches, and the diameter of idler roller 46C may be 5.98 inches. The techniques
described leverages averaging captured by calculating variations in the relative offset
between a repeated defect and the corresponding roll synchronization signal for a given

roller. This provides precise accuracy that allows for repeat defect detection even in
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roller 46B is 18.91 inches, and a web section that corresponds to idler
roller 46Cis 18.79 inches. In this way, renote synchronization unit 54
uses the woantwwmsB data from encoder 52 as well as rol PCIHuseomOfi4sRt i on
signals fromsynchroni zation mark readers 50 to convert the roll
synchroni zation signals into the spatial domain of the coordinate system

for process 40 for determining web sections within the spatial domain for
each or tRAEREslings haying selatantially sinpikes sized rollerpdiué fafymamdashinme i on uni t
54 need L Leduir QL a regarding the exact dianeter of each of
rollers 2%13%1% r etir?e?()cl)ﬁet?éﬂrﬂ?ngﬁ%'the web sections and ultimate detect
repeat ed [d@$Hdhsrddrd®akpcibte ancamemelsesh osonEdier raleks 44, ah iespeaiodnsysttm

i nterest nmay_have approxi mately th ame dianeter. For ex | e, a subset or
all of i@@fﬁwaﬁwgf%r%ﬁ halyeP A8 o okE tha il s e %%elﬂmtg? T i x
i nches. "s?i’f@&@ﬁizaﬁd?ﬂ sﬁ%ﬁ'ﬁbﬁ&h s?ﬁch'r&ﬂi%tioh%drﬁ F&d4l Sf()}{Hét_%l%ik %endéégr%ct@&’ bnd F‘Ve

exactly the sane dianeter due to manufacturing vari abi . exanpl e,
t he di amaberclagfd hydieaota ginklmonkehomuayit ik tik: BIpdchemesstent hiealgicantet aomaty i dl er

roller 46 be ,6. inches, and th j,amet er idler. roller 46C may be
508" nc ey HE HaRr greecesed e PEUEaNES TherSfin Sthra by

cal cul at i Reragakicati@RDFtHE ddbLove® ik VRtacESet thERwaaR Fodse peatathglefigct and
the corresponding roll synchronization signal for a given roller. This

provi des queepibodinagnt.thamppedian sait¢rovrayfaoticetdf@anstaisteet weletegstcnbdate fasn

i nmanuf act uring.l.1L ngs. havi U ntial.l il jzed.rollers . but for
rmnat act g St 2B PRFRh SRR B Bt I Sl PR f s 1o
associ at ebcanconnopaked adotnaliehdabndohh efiorhidlics €Mhe A3pcAidnisNgP@chdyon syst em may
first col]ect data regarding web 44. Using the Eul ses _from encoder 52 and

the rol | ds{sieHdhrtAatanemaky iyadersatcdnpeyive rrused Dapnorl it kolkeatefs 50 t hat
has been C r . i I i t he

i nspecti oe(r%gél %f {efﬁ‘ﬁqg?{g&f}@gdsw%gﬁ g%baﬁ%rftg%gg%egnﬁﬁ%%gl Egﬁ}%}%ﬁ? ?\{‘%Pleégét\{/\oe %%recti ons
f or each adivérh®lleodtlcerdatividhentan sipecihicqrossipatie thos@insavessagevhidtethe esul t s of

the data over many instances af.thes sections. For. ex le, in one
enbodi rrer?tn,omf]ﬁ’eoqcﬁ@p%@f FW@?Q% rﬁﬁ@“\%g CUECSAHGPRE Ydﬁ@@i’r%fﬁlﬁeb segnment
data for ﬁoﬂf_a}&expillr&bbﬁﬂ bd %eht@é,pa%ﬁtthé)ﬁstﬁﬂe%fs%mﬁe%ﬁba@éliadn)bﬁﬁﬁz ihgidata to
attenpt to distinguish %et ween repeat ed anonal i es and random anomal i es. The
i nspect i arcsyapperrimaiglydEt. & mches aphids gizen adiemetoy of wlkr Aepeddvdd incional vy,
caused by idler rollers 46 for i.f .an

f | | i
i or ity 109551 Sping pifAnesinagi. Asey 59 AR daenplifsdtpaiiod © web 4By idTer 7

rollers 46 may be healed, i.e. corrected, by the time web 44 is ready to be converted into

sheets. In other words, although idler rollers 46 may impart an anomaly into web 44, the
anomaly may not cause a defect because the anomaly may be corrected through other
manufacturing processes before web 44 is ready to be converted. For example, anomalies
imparted to web 44 by idler rollers 46 will be on the bottom side of web 44. Anomalies
occurring on the top of web 44 may not be healed or corrected in web 44. That is,
anomalies occurring on the top surface of web 44 may cause defects in products 12 if a
web segment or individual sheet containing such anomalies is converted into one of
products 12. In accordance with the techniques described herein, an inspection system
may be able to determine whether an anomaly occurred on the top side or bottom side of
web 44. Moreover, the inspection system may be able to trace the source of anomalies
occurring on the top side to a particular one of idler rollers 46, for example, idler roller
46A. Accordingly, an operator of manufacturing system 40 may locate the portion of idler

roller 46A that caused the anomalies and repair idler roller 46A.
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a given roller at or relatively near the sane position in those instances
in which the anomaly occurs. For exanple, if idler roller 46A causes an
anonal y iwoOwety/03d483t he anomaly wil| probably be repeat e®CTASAMWNM4NST ances
of the repeated anomaly shoul d occur approximately 18.85 i nches apart,
given a dianmeter of roller 46A of 6.00 inches. [0053] In sone arrangenents,
at |least sone of the anomalies jnparted to web 44 by idler rollers 46 may
be heal ed0034I& G israblpggdiagipn Hastrating agepcmnlarsempbedipeptpfgemesnver t ed i nto

.Sheet S- Isgﬂa{r?ﬁl%at%rlgﬁti 54ai|nt &lﬂé}mei[agll. A i[lﬂ%}afédsinﬁG.@¥eﬁ15%%gﬁch‘?&li R)ﬁal y
into web , e anonaly not cause a defect becduse the anomaly may be
cor r ect edmttifdaughbotlharicathntdupetius engdpr Sit asksgaclirehaatonmabrkddadess §@ady t o
be converted. For exarrgql e, anonalies inparted to web 44 by idler rollers 46
will be JROEYSiBHY BRIl of web 44. Anomalies occurring on the top of web

44 may nqpods I]Elgghé‘rgl Q%A%ngﬁg F&HEdyd R RiBA unit Bk ehsSs (RMERTIRE oPESLH T T NG

on the top sur e of 4 may cause defects in products 12 if a web
segnent opllisyihvérdzegion sipmet (ilhotragid ni FHG. Hesh Cago Arduned signalsdnBer Ngd i nt o one

of products.12. I.n accordance with th echni ques descri bed herein, an
"nspect | dhe YRRy TR AR 1 SR AL R S TEERAPEIEDr r o on
the top sind§de@s2bMdresNessdBctRbnivebndhit MU RAKEposifidiRl Hite RRGEFQL S¢St em may
be able to trace the source of anomalies occurring on the top side to a

parti cul aosigins opFyrchiamization signals 4lgit cowesperdtrploas rotatiesy ofrthatireypediby
Accor di ngfIOM . an operator of manufacturing system 40 may | ocate the portion
of idler ro?l er 46A that caused the anonalies and repair idler roller

46A. [ 0054D056]Cn the ¢xaunibldErabddishc At Femdte byrdhionaiatiog uain 56 xeples cyurdedgodi ment
of renote synchronization unit 54 i n§greater detail. As illustrated in FIG

3, renot SNRENOFUPET o) aRd feserrafAnSN (degipterad’y Bslhefed to encoder 52

and Sym'&gﬂéﬂr&?ﬂ%&% Rk d RANKY S .a?s%cfa%drvgﬁk?{ﬂeg%sdogﬂélrss%t 0&5&TE AMurd 0055] In

general, exanple renpte synchronization uni senses the occurrence of
each r ol lassycnedd with pat obDiregstagndd. Thd puist digiad dronmerebdzr 52 iagsdd@aezldrabund™

el ati ve I0GTRE (54T SO e T, ShEBAEF 2T By IOy TEgHoRIOIAL | on
uni t 54 aquhpuf &rROSE hiliGRahatdRL ﬁ’seh@@ﬁ?ﬂuﬁ%ﬁé&slﬁrhﬁcr@&%ﬁf‘éa@ﬁ‘ oPlouR¥REHE ORi zat i on
signals that corresponds to one rotation of fhat respective roller. [0056]
| n the exbaptenmatyedibodment o€hth ¢, myfiec hodmayanélode usarics Aholasirodedtheount er s

outer edge of the roller through which a light may shine. Each time encoder 52 detects

light through one of the holes, encoder 52 may transmit a signal to each of counters 56.

Counters 56, in turn, may receive the pulse train of the encoder signal in parallel and

concurrently increment their respective counters.

[0057] The roll synchronization signals from each of the rollers are used as triggers for

recording the value within the rollers’ respective counters. Specifically, during a full

rotation of any of rollers 46, the corresponding synchronization mark 47 of that roller will

pass the associated synchronization mark reader 50. For example, for each rotation of

roller 46A, synchronization mark reader S0A will detect synchronization mark 47A. Upon

detecting mark 47A, synchronization mark reader 50A outputs a roll synchronization

signal to remote synchronization unit 54 in the form of a short pulse. In response to this

pulse, remote synchronization unit 54 latches the current value of the corresponding

counter, in this case, counter 56A, into the corresponding data register, register S8A.

[0058] Controller 60 polls each of registers 58 at a high rate or is interrupt driven to

retrieve the most recent counter data. Accordingly, the polling cycle of controller 60 is
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56A-56N ("counters 56") and registers 58A-58N ("registers 58"). Each of
synchroni zati on mark readers 50 is associated with one of counters 56,

whi ch is WO 2buvaso4sssoci ated with one of registers 58. TIRETASR@O/0S44ghal from
encoder 52 is used as a global increnent driving counters 56. That is, as
encoder 52 detects web novenent, encoder 52 sends a series of pulses that
are used to sinultaneously increnment each of counters 56. In the exenplary
enbodi merfesteyithi the ratatipnsy ofeadl of sallaiy 49-nHj vieps nelling onecofaegisterses. @Bound t he

out er edge,; thro: ' .0 ' 1] encoder
52 det ec?r gglgleléf%?&tth%ﬁgﬁerodr%a 1%% sﬁ@eﬁ% It%sl,gﬂeglﬁg%g@¥ ngﬂrér}ge; 6t6 ?Ig%sl%]h{‘%a si gnal
t o each ahe comitt eswnt&tdataCddioweres, ibhe comnttiudaty haseohangcle coerollbe6@mlage trai n
of the encoder signal in parallel and concurrently increnent their

espect | VETEBLEAPENY 6@5?1]15 FRsTHiGPE coyHe) : e éﬁgﬁgﬁ@u_ Bi®ach of
the roll eng,RkRoHDER: 35 ﬁlfl"d. 9P it fs??ydxﬁ&&éc@ihg% cﬁlgﬁge‘&élcogig fiﬁ‘ﬂatrggiﬁ_eﬁ"g‘;‘

rollers' respective counters. Specifically, during a rotation of any
of rol | ercon#6llerteof spnahespoatchn ngitSdrakpussiollgtosdion mlatakin 4h¢ fofmtatraitrentol | er

wi || pass the associated synchroni zation mark reader 50. .For appl e, for
each ©ot SPFOIFT G STyt HBXCS SYBNEDR St FEoRizs fs el esiise! EF et ect
synchr onigaah bPfhe iSilidfs év?tﬁ-ins‘ﬂ@&[bn%‘t@ﬁ& HEGrib&S With fRpe QYO EIGON ZAt4, o mar k.
reader 50A outputs a roll synchronization signal Po renot e synchroni zation

uni t 54 iaiderie deterrmnefwhgthehany anpmadies aterrepeat pammadics gaushd by po¢ ektollesnot e
synchr oni ifon,unjt,54 latc h u nt. val of .the corr ondi ng
counter foang REU H2Ic acrctmi LGSR of AScFod S M LS Bicat AISER ATRRIGE Py

regi ster do8hutd 60nRly duamitidelalten dalayablisdieasvhivh ofedis sebsabdahctasddi gh
rate or is interrupt driven to retrieve the nost recent counter data.
Accor di ndifycreeted apemplicsy Foy sxample. aghysissPmentes 09 ngp patiatt aiiiqehe rot ati ons

of 211 Ofreh@Udilifin 46 pollony BPAD ARG 805 Bfic BRI RpBeq Srhpaifiedi st et

58A, the counter e sane as the previous po contr er 60 may
i gnor e t headchy identificlaouitethatdatised thiovpeaed andmdlive. boathlitéon, dedlgsihasmehtanged,

controller. 60 may retrieve the counter data and transmt the counter data,
al ong wi t¥7 PHEOYt V43 siqim S ingga ﬁ%ﬁ&%gs d@aﬁe&aéé} asg@metmgé?e ggpeatpflar s,

upon det eghindGeAw R #d8edtRicAnNsI G40 Ak EHk $LRbhtcdBnom@Rt rol l er 60 of
synchroni zation unit 54 outputs roll position data i'n the forma current

encoder d00%Y Houhis a Woek ¢isgrnciblopiatteg a59steard lharvioeh aeartalysss qomifuter 59

st onal 88 LGk O 5Pl Bl SRS R 5. o oo

are repeatmaRAYRENresiz&RHSaE WofAESO ah®@U) &1t inspection data to determine
whether one of rollers of interest (e.g., any of rollers 46) is causing a repeat anomaly, and
if so, which of the rollers is causing the repeat anomaly. Analysis computer 59 may be
coupled to one or more web inspections components, as shown by way of example with
respect to analysis computer 28, acquisition computers 27 and image acquisition devices
26 of FIG. 2. The use of inspection systems to inspect webs for the presence of anomalies
is described in greater detail in co-pending applications “Multi-Unit Process Spatial
Synchronization” to Floeder et al., serial no. 11/828,369, filed July 26, 2007, assigned to
the assignee of the present application, and “Apparatus and Method for the Automated
Marking of Defects on Webs of Material” to Floeder et al., serial no. 10/826,995, filed
Apr. 19, 2004, assigned to the assignee of the present application, the entire contents of
which are hereby incorporated by reference.

[0060] In one embodiment, analysis computer 59 may be a server-class computer. In

other embodiments, analysis computer 59 may be a distributed computing system or other
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46, as well as to determ ne which of rollers 46 is causing the repeat
anomal y. Anal ysis conputer 59 may output data to a display to indicate

whi ch of WoOI2b8xv0384846 caused each set of repeated anonal IPES/USE@w/084aI Pl €,
anal ysis conmputer 59 may output a graphical representation of portions of
the web as well as an indication of the repeated anonalies and the
identified roller that caused the repeated anonalies. In addition, analysis

conput er DOPHEYS SYKBUEARERL %fth@n@lnwathahlgh QA A reauiged fopptosewpe 32)
associ at i q@.!%{ with the identified roller causing the
repeat ed g%gltﬁ'g%mﬁ%@ggﬁt@pg alﬁé a block diagramillustrating a system6
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greater detail in compendl n appl i cations lti-Unit Process Spati al
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det ect ' NG fahd Pk atnk %blf%fatl&{‘ %l&f Jufbh% rz@bb 8hS cftfre caRtEnds REwhthlarPRSEEY O data
may be in the formof a rol identification (i.e., atrigger number) and

t he curr entorporatedéry rpiesingce. on r ecorded representing the downweb position (DW

R LY NG DR A MR R
synchronization unit 54 with positional data of anomalies on the web as determined by the
inspection system. Video or other image data may be passed from the inspection sensors
to acquisition computers 62A—62M (“acquisition computers 62”). These computers
represent software and/or hardware capable of acquiring and processing inspection data
for detection of various types of anomalies on the web, e.g. scratches, spots, drips, spills,
or other types of anomalies. For example, acquisition computers 62 may be software
modules executing on analysis computer 59 or analysis computer 29 of FIG. 2.
Alternatively, acquisition computers 62 may be discrete units separate from the analysis
computer. In either case, when one of acquisition computers 62 detects an anomaly, for
example, when acquisition computers 62A detects an anomaly, sensor 62A outputs
anomaly data specifying the type of anomaly, the cross-web position of the anomaly, and
the down-web position of the anomaly.
[0063] Analysis computer 59 processes the anomaly data and the roll position data to

determine whether any anomalies repeatedly occur at substantially the same cross-web
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both to renote synchroni zation unit 54 and to the inspection systens to
allow correlation within the spatial domain of the web segnents of the

rol | s anawoepwaBed3anonal i es. I n other enbodi ments, twoPdiraiseemens4nsoder s
may be used to provide positional reference information that is reconciled
by anal ysis conputer 59. In still other enbodi ments, a different neans of
tracki ng di stance down the web, such as fiducial marks, nay be enpl oyed by
t he i nspd©sitign a8¢ sybsiantizldy: Higisgime slopvareh effpey vrittdaiudiploek sCamants frilch ar e

di scussed,,| =P i . |1 i " Fi Al i | ti-Unit
Process %Sglt@irg ersgﬁg%r&%lrﬁ ggf%nﬁﬂ&sléggiaglcgﬁgs g.kt%% gﬂfga %%%151%9 p%éfﬁ%’? et al.,
assi gned dnoniahyeocassiag sdstanfiall hthepams endss-ayeplposisivh and will tepdatIuikhya 2Ecin2007,
the entire contents of jch are hereby incorporated by referepnce. [0062]
In any cgddhe %}ffélpgfgﬁegcec%*%ﬁf%ress@n o FRleh &sthe ﬁgcwra%renﬁsgﬂheaﬂ IHata from

renot e synGhEOMHARhdaRY d4Bhkly24n Wik haRRS! {{}%agfel?sl co@ufer@d IRl hEs @R the web

as determ ned by the iInspection system o or other 1rage data nay be
passed f rropeatddsnomapecirc oncwseng oMer¢aycacquielsgiitg i downmpub postiGRAIBRM

("acqui sition conput.ers. 62" These conputers represent .soft e and/ or
har dver o "EEGEN LOBRIGC U A1 I oo R EBEPE S RO BRET O Fdr et ect f on
of vari ouglléryPesly’fs cBRPIRY 58%s Mle tNBeMTD wiffctDof roRER UG e SausHBRhh ofthé PS,
spills, or other tyBes of anomalies. For exanple, acquisition conputers 62

may be sofpsséadeangpdlites executing on anal ysis conmputer 59 or anal ysis

fHl & 2 iwvely, | SILi b
i sor ot o 10AFAFIEL ST Chiah VBRI IS iy AR BN SRR T, "Wren

one of ac@uiesionding r6dHPsitien 8ath 35 dBeREE BrodbssaipBTRdnlysfs@on@yarpbeall when
acqui sition cgonputers 62A detects an anonmaly, sensor 62A outputs. anomaly
data specPyirHer MpwarRegeiodic tha s, fhat isheandpBsadiensaprdsinp g iesoire visealbhomal y

and the - it | YSi.S . 59
proc essegﬂéwg%@ﬁsgﬁ%%yh(?g{%ﬁ%%‘g&t ngf}?lm bl g{éslqs'(ta ?@ktdg\g? gys?lgg%lglt?%?%eﬁ{eedvma her
any anonanbeslicefeatradioyn aveulical4 srobstcpedtedidoyndike 64,8000 7¢,rand F2webposi ti on

and subst jally .t same downweb offset within nultiple wep segnents for
the same lﬁﬁﬁlirl.wéﬁ%ele%amgtmwatwe'fién% r?a&rﬂrse{bscr%e g dgde! au@%ﬁg& ed
ANOMAI Y, Jrlihi LMY QR RAIRBOTRLY 0P ELHIGF réller YOSI AMohAIbY: 1HOASATRD 2450 MED

position and w repeat with a spacing of the circunference of
cor r espondéng/ . rigidoder, puilsee fromhencoilerc2rdndrsgndeomfationgutseb frem causi ng t he

repeat ed s?'lgc r}rpoarlligéltiolnnrn;[urtlli1r§a S St real')rllrg'sle}{tseidssig%gfm%ta%a g%’gphrg%Ad—%%ﬁr mne that
(“graphs 78”), respectively. Based on the data, roll position data, analysis computer 59
determines the number of encoder pulses from encoder 52 that occur between
synchronization pulses from one of synchronization mark readers 50. In the example of
FIG. 6, roller 46A has 11 encoder pulses per rotation, roller 46C has 19 encoder pulses per
rotation, and both rollers 46B and 46D have 9 encoder pulses per rotation.
[0066] Analysis computer 59 determines that anomalies 64A—64D (“anomalies 64°) occur
at a similar cross-web position. Analysis computer further determines that one of
anomalies 64 occurs one encoder pulse after each synchronization pulse from roller 46C.
That is, in this example the downweb positions of the anomalies are constant offsets from
the start of new web segments for roller 46C. Therefore, analysis computer 59 determines
that anomalies 64 are repeated anomalies and that roller 46C is the cause. An operator
may then inspect roller 46C at the cross-web position of repeated anomalies 64 and either

repair or replace roller 46C.
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repeated anomal i es are occurring. Mreover, correlating the downweb
positions of the repeated anomalies with the downweb positions of the web
segnent s Wonro0tos04$3f f erent roll ers, anal ysis conputer 59Crasaimms4463
identify which of rollers 46 is causing each of the repeated anonalies.
[0064] FIG 6 is a block diagramillustrating an exanple set of anomaly
data 63 and corresponding roll position data 65. Before processing by

anal ysi s [@8¢futieylady, a st of apqeiwdiFs @A TROP GppriBRlios §Obkalt preuseithe samrat i s,
random a osrsgpeQ)aﬁo%ﬁi[o{ﬁn QPRI VES 1€ arégﬁigéﬁﬁsl% Xndn%ﬂe%%gﬂ%ﬂi %ng%‘ﬁ wefoWever,

after analysis, ‘analysis conputer I'ngul shes repeated anonalies from
random armpedtede® obéud rioimposyiela ttied tlenaffmldingobér, did Got cAllse @andhoriidly, pOaH]

Encoder Sﬁ and synchroni Zf‘;:tgi og mar k readglrs 50 ci;?e}st a .series of | ses
that grapgh? ESPFoB&pitet fyi B 4&teet PrngagRteng £r |04 Pes1jan: and; GiB. g ong
t he downvwghidgngtd hQReV@paIﬁszis%ﬁ&q?e& 50 %aéﬁs%'llfde%ﬂn% wd gfesé%e Jnd

[ f hroni zati dn

synchroni zati on pul ses from’sync mark readers 50 are represented

si gnal s 7epahd apoaphs THavs BedusE.gverp hith7859ing pespedcs 68Alapd 6BRBsedlom t he
data, roll position data, ,analysis conmputer 59 determ nes the.punber of
encoder  FOMIUETPYOReEALB L Tes hre bt bl EHT Ao B Mol ces
from one b RyREhis IO ZRf lePEort@h knsBAURNS tHRGamberdsBSy@®XRRMoR 208 til G 6,
roller 46A has 11 encoder pul ses per rotation, roller 46C has 19 encoder

pul ses pewbstentialy dhe saarcdifends fran the yndgnianopirdiaive the sadoedemcpul ses per
r 9t at| On.‘wiboogg%enﬁ%ﬂ%ﬂ Hlef OHIHHIIS%ESG? gac(iileotf% Q{55 hgltiesaé%oorg%l ! ’?%nc%ﬁ@f 64D
("anomal i es B. occur at ca simIar” ctoss- web p03|1fﬂ| on. Ana}ly5| S conput er

further deilesafteesmhjosity OMEneiroRinaioal pus:s 0 sigaglnsa\ . ornerdoeoaeilysill se after
each synchroni zation pulse fromroller 46C. That is, in this exanple the
downweb pOEINUEEAS MY Gotamairoiial PHer 40/ eis candrantcrstied aiamslyom t he start of

new web jg?@?ﬁ% A{E&{nidu%k h@srcriﬂ%&eryﬂqf%f &feﬁ’ba%?%] tt%sdreﬁﬁcffeéﬁ;p%%%gnoﬁgal et er ni nes

t hat ano are repeated anomal I"'es an a I's the cause.
An oper at®A-TaG (t'hremtedhapaciics 30T and 4§Camt ahbiwaliesdRe—RR6 (Ppepedtedn of
repeated anommlies 64 and either repair or .replace roller 46C.[ 0067]

Simi | ar| yAnoga %ﬂt%of Bhig MG 6206 ae@@ﬁhwaﬁ @gmé@m)ate |ar19lale%%§r t the
same Cr oS&paRRd RASthAR0 aH@WEHGled ahb¥BhFesBalh S&duR Yt MAQUMRL LR3s-G8H and 68B
that were expected to occur. It is possible that the offending roller did
not causepoarioan®eptarcd aontahias 76 barhi avspek¢rcodergydtcanttcf asyretirdnizatien ulse an

anomal y aotf g?ar})% B apnc()itéi~| en%%d&op% steis oR&: a658y'f‘1‘cl?irrolgizgt§o% pulse of graph 78D. Repeated
anomalies 72 each occur 7 encoder pulses after a synchronization pulse of graph 78B and
1 encoder pulse after a synchronization pulse of graph 78D. Although it would appear that
either of rollers 46B or 46D could be causing cither of these repeated defects, analysis
computer 59 may still determine which of repeated defects 70 and 72 are caused by rollers
46B and 46D, because the diameters of rollers 46B and 46D likely differ by some
detectable amount. For ease of visualization and readability, a small number of encoder
pulses is shown in the example of FIG. 6. However, in many embodiments, far more
encoder pulses are used between synchronization pulses. In one embodiment, for
example, as many as four million encoder pulses may occur between synchronization
pulses. At this resolution, it is possible to detect even extremely small differences in
position over time. Therefore, if two distinct rollers with nominally the same diameter are

causing two sets of repeated defects in the same cross-web position, when related to the

synchronization pulses for one of the two rollers, one set of anomalies will appear
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In either case, however, analysis conputer 59 may still determ ne the
presence of a repeated anomaly. This is because, even with m ssing
anonal i eswoM0304888B, anal ysi s conputer 59 detern nes POE/(se@sones of a
repeated anomaly when a mgjority of the new web segnents for a roller
contain anomalies in the sane cross-web position and the substantially the
sane di stance fromthe synchroni zation pulses, i.e., the start of a new web
segment fsétioppeytwhily the pthey et il appess & beeﬂtsirpgafThrlwéHrSé@t%M@ﬁe@Ht@é Y88 occur
7 encoderppyl sgsqafter a mpjority of synchronization pul ses of signal 78A
Ther ef ore anal'ysi's conputer 59 may determne that roller 46A is causing a
repeat ed [Q06TE1G. 7 [SLOEB¢K EﬁlagraheﬁllustramganMsmp]ebm $leweh scvireat oemetenbes used
to detect re eat ed anoma] i es r epeat ed 3 li es 0") a%d r epeat ed
p

anomal i e*f7Eom@d repeaicnosm Fb §é "OPHS?R? Psd dit ed
anormal i esth%%x&ﬂlgl%‘ &z‘é‘ﬂ?@@hﬁ% h%@@f?@vér&%l thiee 1&?&%%1%0' g”ﬁl@?!rdlfe%s 16% aje, r epeat ed

anonal i es 72 each’ occur t he sanme cross-web posiTion. Repeated anonalies
70 each (mnduh6C1 Idlecodlers ﬁkﬁ;ﬂ géBaindto@mey hehw thniszae nolmqatrtilsmew& ofjsiaph 78B

and 4 enco Ises a ter sync r 0 u ap D. Re eat ed
anomal | edigssd iR meTh Ry e SO B PG R sePb AP By fmnisREe of
graph 78BnhaRd cdrr@%ﬁﬂﬁg tddid|e$ €olRkS 86 ard uSYDOND Qr@hllya&ét&ﬁnﬂél{v%@ sé@‘meﬁh'f@ﬂéh a 78D.
AIthough it would appear that either of rollers 46B or 46D coul d be causing

ei t her ofgivdveoler épélm@dnméefefcﬁlﬁ 7a¢ﬁéh%lrl@semwﬂé¢ nﬂgsatmrye diviifionsdet er mi ne
whi ch of eate 0 are 468 46D,
because t]%e%e zi’vrr%)te %2 rgw %3%1}%14 tg é’ltfﬁ S?thn%sre 'S ent

det ect abl s@naﬁematlonl-'piﬂseem @fe ofitBeI@nicE@hiatio@nErl eadhacbsd) féryone @fﬂrml I
nunber of encoder. pul ses i's shown in the exanple of FIG_ 6. However, in

many enbd@llereAps Eaglydashed Bn%?r@a&eafteba cerstans distanse 40D erhiglesPressneiis 4 zat i on
pul ses. 10 Q58 a{)&aﬂlfé?@mes of Rl Q{Fr%ﬁ%m L, i eaﬁler@m(nc%}eiv?%!h %éﬂrbrﬁgat%%c Odef

pul ses may occur between synchroni zation pul ses I's”resolution is
possi bl e puisceleirethis cave foreesiimpite distasin@ll 02 nhrajz1ber1®186e1$chem position over t| nme.

Therefore wo distinct rollers with sarre di ane er are
causi ng t\%lléeéescabﬁﬁ élbléé?gé%ené"é’fo&:’ttés P%Slgr?etogiﬁng Hopeemilon, when
related tig|ct rtﬁreﬁx@&w@d@sﬂagfawef@lelaﬁ&%aﬁé&ron%@oM W@@séé’f@em‘f ekA%r&ude@ne set

of anomalies w il appearstationary while the other set”  wll| appear to be
sl i di ng. dhhingli¢s84A4, I&@&%t, B&A e, eod 02 pWehlskgment 2BGScIudesamdnmBlic ¥OBFPBEI G 7

s a T ogl el A6 Ay LS LAk PYn A0 L RIRLFes B, BOCIE ROYST . Ragur ences

segment 82D includes anomalies 84D, 86D, 88D, and 80. To determine whether any of
these anomalies is a repeated anomaly caused by idler roller 46A, the analysis computer
determines the distance between each anomaly and each synchronization pulse, i.c. the
beginning of each web segment as represented by each dashed line. Although only four
web segments 82 are shown in FIG. 7 for purposes of illustration, many more segments
may be used for analysis. In one embodiment, for example, the analysis computer may
analyze a hundred web segments before making decisions regarding repeated anomalies.
[0071] The analysis computer repeats this analysis for each of the rollers. That is, the
analysis computer segments the web in a similar manner for each synchronization pulse,
allowing the computer to identify the specific source of the repeated anomalies.

[0072] FIG. 8 is a block diagram illustrating an example composite map 110 formed from
the data of FIG. 7 as segmented for a single roller. That is, composite map 110 has a total
downweb length 102 (18.85 inches in this example), where each of the web segments are

overlaid. As aresult, composite map 110 includes the anomalies from each of the web
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of random and repeated anomalies. Web 80 may correspond to, for exanple,
web 44. In this exanple, web 80 may have traversed three idler rollers,
e.g. idl eworoldmsn4346A, 46B, and 46C. Idler rollers 46APCEAB2000/084446C may
have the sane nom nal dianeter of six inches, but the actual dianeters may
differ slightly for each of the rollers. Synchronization marks
corresponding to idler rollers 46 are used to Ioglcall determ ne web

segment s sesmefs §2 péweb 801 ad these anpmabicsliye eyt spafidly regispaahodhe pragofar e
dt t
used to 'tﬂé’bv%ﬁl%ﬁ%ﬁ ghééﬂq% %é’gméﬁl%ﬂlz‘éﬁ ﬁﬁﬁ%ﬁ} HaPefu8al LWL segnents

82), that 1s resent sync I zati on pulses from one of
t he syncﬂﬂﬁﬁﬂzambmmomﬁwmapeHHen@nﬁﬂmﬁ%rS@m@d@ﬁeh&eqm@hﬁ@b&rdﬁamEach dashed

| i ne occurs after _a constant .distance 102, which corres ds . to.one of the
ci rcunf eraé‘ﬁ@é[&esof Howgver: cpIpPeiicsma | T showsithad repeated ARamBReSAdcpift in the

synchr oni g3k @8y Hﬁ'ééfoﬁ duhH% Hﬁfe%erﬁ %%’se AEntE X PHRE an&’rhéﬁe%rggean&%% n’i'a%b’bebe

18.85 inches. [0070] Becau hi's segnentati on, I's possible’to
det er m necpdastdrromafien, bektaap hl@,not dipeated of the intag Al ofsthe:: ausinrfgreacg/ofofiler he

anonal i es gn 44 \\eb segne 82A i ncl udes, anaonal.i es 6A, 88A, 90,
ARG IR Ry el e b B P TN AN TR AT
segnent  &Zfm kCdyeladnia dlesfoB s spB6ific 8B to 3sh EMdoR8lics\Webangegnent 82D

i ncl udes anomal i es 84D, 86D, 88D, and 80. To determ ne whether any of these

anonal i esexp@eda aﬁ’@rp@lmlfédlf&mlqu e@amglé@anOﬁ afograliend4 ard #BA, the anal ysis
conput er 'z i cggt?astt %01% Féstaiﬂ’)c eV\{%g ra]moer% I{]es%?lﬁ ngu%d % %eerﬁoﬁg% fsor which

synchrom 1Yon nn| ng

r epr esenttael ddy heal@é@nd;a@haded b¢bauso%§ ﬂ@)uglfbyownypom@mapﬂ b0, sRgBBispacd3d afil €
shown in FIG 7 for purposes of i |lustration, re segnents may be

used for sHhgpyEly the theé%681%10%&6@110@)@&#ﬁ}%@refollﬁrh@f*an“élna}éﬁ $or3fput er
may anal yﬁﬁa&e%‘mﬂ&ﬁ? é(@? ﬁ‘]%%'{'é‘%é}{cé LP&{RR ‘ﬁm{%% lﬁgnﬁs&d nﬁ‘%ﬂ@h@kﬁ&e
b ] The anal'ysi's co th

repeat ed anomal i es repe I's analysis for
each of tdfenomhlierss.is thnmin a ®lerbive dastadcgsiThe mlaqamteechsmm@rmm gortdxempkeh i n a

simlar er for, each nchroni.zati on pul alloping the c uter to
identify'ﬁ%ﬁ%%@éﬂﬂ@ netge gpsiti HF@BB‘&P 8" e éﬂh e@*ﬁz IG 8is a
bl ock di qgggzew SN Abl a&eﬁﬂm@mwh&n%m% 1%p@a9d ;&&Jlfag eageai Bf miéhe
data of FI 7 as segnented for a single rol That 1s, conposite map 110

has a touaﬂmdﬁan&bekamgkh%ﬁ@@ﬂ¢&86aayMnam@gmﬁmomﬂwﬁxﬂxammdQQFde%}e each
Che. anomaht o0 briienam: 8 4 relles Lbynbhia fib uoPAIRE e in G 7o
anomal i esatla@ypetodepalr &atrbBr A6 Al £ GhiS bdigsh toprtn@t fll@ tblI&F46A from causing

more anomalies.

[0075] In some embodiments, the inspection system may be reprogrammed to disregard

anomalies occurring at a similar position in later web segments, as these anomalies will

very likely not actually cause a defect once web 80 is finally converted into products.

That is, nearly all of anomalies caused by idlers or other rollers known to be located on a

bottom side of the web may be cured at some point during the manufacturing of web 80.

[0076] The random anomalies 90, 92, 94, 96, 98, and 80 of web 80, however, probably

occurred on the top side of web 80, and anomalies 90, 92, 94, 96, 98, and 80 will probably

not be cured during the remainder of the manufacturing of web 80. Therefore, the

inspection system may mark the positions of these anomalies in a database, such as

database 32 of FIG. 2, or on the surface of the web, and the system may also note that

these anomalies will likely cause defects once web 80 is converted into products.
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the web segnent as defined by the synchronization pul ses for that
particular roller. [0073] In conposite map 110, anonalies 84, 86, and 88
each appesp 20w/a3e48sepeat ed anomal i es. However, conposit @CRAS20205808HWs t hat
repeated anomalies 84 shift in the dowm-web direction during different web
segnents That is, anomalies 84 and 88 may be repeated anonalies, but they
are not repeated at the interval of the circunference of idler roller 46A

Anal ysi s [9 i diler 9 5o HewychastiBpsiatag eacscpplayenethad Mridentiyng epellditbdtance
f th I

a;gg;|,§s§§§ﬁﬂ%§“§§&%§ﬁﬂg 51%é¥ regﬁgég”ﬁ?%%%%éﬁggghéﬁ{Eﬁﬂﬁggﬁg?glggrof
anomal i esS98dltlanugh 88 mpod 44 ndt hindtedtts astfornanosrdy b emgRtoatpatare preailba

anonalies d caused the roller for which the as been segnent ed
because, Yélﬁd‘ﬁﬁlPHS?f g%F&?&’sVﬁ anqragly 44'8 f rotﬂhwsaeréﬁﬁ%@e Séiescgﬁﬁsétaﬁ ‘fq ally
the same alR( &a{eg‘?é(seﬁt@@ft%fecdﬁ'af&rh@ﬂﬁ&%r@éa aglle%rf ab 11111?% rf’oaéoce-ggﬁ for
each instance of anonmalies 86, the distance betwe t nchro |zat|on
pul se andnspeetiomeitafirelcttiamoimearioss tydes pBanaintahicnomtheol@, agcerdtistsance. The
t ol erance dj st ance .pay or exa ul ses, dependi ng on the

bos: t - onaPobebdiatil obpltEh i PEnEbHEman S oP b e ST PHERR RIS Gt em rray
det er m nenéliads RACTRIckRSwEP at] GoWiBRAA RioAD 8NBeia@SmeBsSRth Wb, isdiess ol | er
46A. For exanple, anonalies 86 may be scratches on the bott om si de of web
80 causedvgiy4 Oﬁlii@gfn é?b@@ntmaly drtermayodiurther ingpde wminmdy type snfgenettarithatt i on, an

oper at or q%%’id%r%tﬁ%%at% e'of B50 alI ctlh dent%ll anom%ﬁolg,g%l%gﬁgaﬁglsé %ﬁm to prevent

idler rol r'6m>t au5|n re anoma nmbodi nent s,
t he inspeﬁﬁﬁ@ﬁaﬁxﬁbbﬂhﬁﬁymhﬂh&ﬁﬁmﬁghaﬂﬁﬁgzto di sregard anonal i es occurrlng
at a simlar p05|t|on in later web segnents, as these anonalies will very

li kely ndP0%t Harlysis e@ag@teraS%@lﬁ@&ceWﬁ%@l%ﬁateél%2é Fhwlhepd@a%rm@wdq nt o
products. 1dém1eHcaf1 o@%ﬂéﬂ %ug% bs %u%g'amkheﬁﬁg ﬁgﬁﬁb&écﬁrgé&%éoﬁéon@&@

roll ers known t |'ocated’on a bottom si red at
Sonme poi rrbtaduns a;f@ablln eollanbBdrachmnplen theadllevelatadflay [d0iEy] roI[éte46rAaumimgm anonal i es

90, 92, 94, 94, and 80 of web 80, however, pro abl occurred on the top
side of \fo@bq%oderﬁ 5 aw&h%w chgpay @zaSSl@agf a g, a HHSEFT PYYSEDl y not

be cured @%rh%g1&%€eﬁ&ﬂﬁ&@gﬁia8$wﬁQ%b%BﬁﬂBﬁ%hﬂ%bWﬁmﬂ%cM@ﬁmﬁo Therefore,
t he |nspect|on systen1nay mark the positions of these anonalies in a

dat abase,sysdubniagiahanaiyasalc8 30 dfcadsgnciZonisaticormarkel 78ur f ace of the web, and

the syst e[ﬂhmy[\l&lt hall (gltseco%npu%er 59 correlates the received anomaly data with the received
roller data (124). Initially, analysis computer 59 processes the roller data to logically
partition the web into a series of segments, and may repartition the web in a similar
manner for each roller of interest. That is, for each roller of interest, the length of each
segment in the series is defined by the distance between two sequential trigger signals
from its corresponding one of synchronization mark readers 50. As a result, the length of
cach of the segments for that partitioning is substantially equal to the circumference of the
corresponding one of rollers 46. For example, analysis computer 59 may logically
partition the web into a set of segments for roller 46A. The down web distance between
signals from synchronization mark reader S0A with respect to a coordinate system of the
process line will, accordingly, be equal to the circumference of roller 46A. As described
in greater detail below, the anomaly data for each of these logical segments for a given roll
of interest may be analyzed to determine the presence of anomalies in substantially
common positions within the segments, that is, anomalies that occur at a common cross-

web location and a common down-web distance from the beginning of all or a threshold
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these anomalies will |ikely cause defects once web 80 is converted into
products.[0077] FIG 9 is a flowhart illustrating an exenplary nethod for

i denti fyiwQ 2a1w3b488r that is causing a repeated anonal y PCTRES2000t054ad3 | S

di scussed with respect to analysis conputer 59, although the nethod is not
limted to performance by a single conputer. Initially, analysis conputer
59 receives anonal data from sensors 62 (120). As discussed above, sensors
62 repr edetbespf ﬂmﬁé@@caéﬁ@%@nth%thtﬁ\tlarﬁéh%pa@n@e@bocawm My Peaaapryssi ng

i nspecti r var b,

g scr arepdefinleln SEREEhb O e A AOREP s ncALRIP bl 8% G DT
anomal y daﬂﬁ]ﬁuMgmhmby&&&m&om&h&@ﬂmmdbuﬂ@sdbmmhamhatoEEGSMEﬂmanﬂndamnmeb

position a web uch as web 44 of 3. The anomaly
dat a may tiaétdeﬁ Sih Wswb RS ety 1B ttl%’tldtﬁté?&l}ecﬁé%@?% Wfhat
type of adtﬁﬁ@au tﬂt%uﬁp&tthé bitks MnkS, such as a hole, a pit, a
scratch, a dISCO oration, er type of anomaly. [0078] Analysis

conput er [808HIBocd en dlevleglcalqiattﬁrondad thd 22h forkaeh oHthe emlledsoﬁintme;st i ncl ude

identificat ons of ea as .data char ter|2| e,

occur r encBab g telimREsR idShE amiioar SEandta s bB SRR b s o1 1 e
data may rh&Rf iahyy§iokbbBputdOsd dbmands HOpeiGorsAFRhH Arfdimady rellzﬁﬂf@ |t@ el ch may
be assi gned by a user, and include trlgger nunbers (e.g., a sequence

nunber) antgtign dﬁwvh\xelberpéslatym igompptee y Hlennm@@lsm@ethv\h@m@y detar(b)zat i on mark
reader S%E %%gne t){e persgnn Iezo?ge tlnmElr konﬁtzle %1[2827glla1 51s qur ?@S &e%e r’ggut er 59
correl at 6s'1 ? AR %

e recelived ano ere elve r ol ata“(124).

I nitiallyfor @a@alryﬁe@wmm%oﬁﬁlyp@ ocastirgid bstantidgrtheladnie paxiticagicevt y
partition the web into a series of segments, and may repartition the web in
a sim | artothenieeation of thegeHery dihpeis, %talyismqgmter StKgtermiges phethenaty ofdhe er of

I nterest,, LRl E0H ghbg{anﬁglﬁhtlhg l%&%{? PBSlﬁ&l 61?&16%?%1&% %ﬁetﬂ? FdrRGd oP¥het N

di st ance between two sequent gger signa Its correspondi ng one
of synchnohmxanD@mnqﬂxanﬂydecmnﬁ@erﬂ%nmyde&nhmmtmmenhmmgﬂyoo&neaéh of the

segnent s f that rtitioni (S sub ant I o the circunference
of “the cdhfls §;9Eﬂ§%r gaaﬁ e f ST aB Oretjﬁgﬁﬁt%%s% §%Elt%put er 59

may Ioglq@@h&up@wdéﬂéHbggﬁbmﬁg into a set of segnents for roll er 46A. The
down web di'stance between signals from synchronization mark reader 50A with

respect t[0031]ddoddemaniegshspresancé of hecppatowesenalynenalydis corapgar ¥ mgy y, be
SICIER RN SR MR N REACE L
cornputer 59 may determine that roller 46A is causing a repeated anomaly because the
anomaly at issue occurs substantially the same cross web and down web location after
cach rotation of roller 46A. In response, analysis computer 59 may output the identity of
the anomaly-causing roller (132). For example, analysis computer 59 may output the
identity to a computer screen. Other means of identifying the anomaly-causing roller may
also be used, such as, for example, causing a light on or near the offending roller to
illuminate. As another example, analysis computer could illuminate a light-emitting diode
(LED) that is associated with the offending roller, wherein each roller is associated with an
LED and the LEDs may be positioned on a board to provide a central viewing location to
an operator. Additionally, analysis computer 59 may further output the position of the
anomaly to assist an operator in repair of the offending roller. The operator may determine
the position of the synchronization mark on the roller and, using the position of the
anomaly, inspect the roller at the position of the repeated anomaly to determine whether

the repeated anomaly-causing element is repairable.
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of interest may be anal yzed to determ ne the presence of anomalies in
substantially common positions within the segnents, that is, anonalies that
occur at WOcomBmMsar oss web | ocation and a commopn down- RED/USReMAREE3 f r om

t he beginning of all or a threshol dnunber of the |ogical segment. This
threshol d, in one enbodinent, nay be a majority of the segnents. In sone
enbodi nents, the w dth of each segnment may be the width of the web.

ot her enﬂ@%%ﬁslo BuidHodsdingram iHagrating @ cwipple vedpodithat ¢s ivgtaalldeldng web
b ; th
may be Stﬁ?ﬂ Mh L8384 hNE 94 27 g“ﬁ«%F 184 Jhgyﬁ{aﬁgﬁwwgg%@ chﬁe&féoeﬁ%?%%é‘ﬁ% e

wi dt h of e segments ar erine ing | ane.
[ 0080] Basée todetehmink ogdicdet tlmea'irsiahioomm@cebf i hopeavaly dnomabaekbadb2twkechol | ers

of interest, anal onput er 59 |d ntlf ositions of an | i es on each
of the S dBbRPESCI AP Ts MirePIe. B by dhadadgnts e S5h datg RS he
posi t1ons,,qj ﬁ%(}ﬁerﬂ”ﬁféﬁ ly tHe%ﬁJel:tY&l §3@teﬁ?‘&ﬂ‘51@§ %hfﬁ‘lsgéct @a?&ﬁ'bf ek 854

Anal ysi s conputer 59 then anal'yzes the anonaly d to determ ne the
presence iocﬂlvrdelpbjathummpmwdemoﬁmzss wilApeiuy gi @esanplemal&@osde’t@r m nes, for

each roller, t her urri.n ubst ant i t sanme
Socit1 on sighy Gty hetioTand s ST Hib ek REREERRG Siddh blfetRom ot e
59 det er niaess, WAt AR maNYe Rbpddh)l 136.11@{&1'&111&3 SvithSut rBg £ BSt MBkafibd dcchitheSANME
p05|t|on on the | ogical segnent s for any of the rollers. For exanple,

anal ysi s thogaihat lepess9 nay determine that an anomaly occurs 16 i nches

Cross- V\Bb[]()gﬁ;,ﬁ Ililltl\lle exaﬂlg)ge? %rn?o el ol% Pfléogﬁ]weg fh(f;)lebgent(P Vlﬁé{l nto lan nber of the

segment s a glven 1 ont ng. rmnin e pr esence of a

repeat i ng5anosdR., TAnalybéroftarpdected % mviely Hmplds, nintifth/e &Hddce of the
anomal y-causing roller of rollers 46 é 30). For _exa anal si s conputer
59 may devBeT Aklapeanay b made asaresult ehthsiskg o4 wickdeat 6“&%%& ynipsetitise t he

AnoMmalY afeylSSHRRGRUGSRUIRLANT I 8h1Y1 SN | SRR R0 54y aniﬁ"q 8s com

| ocation after each rotation response, ysSi s comput er
59 may oulcpatcatdalebyi dbshdd linespofhérbaes lamsrﬂéHB tHIx i 15gFr iIcdHe and 13D)are For

exarrple nal S C r 59. my put the ity to co ter screen.
O her mag atqd&évn%n?vf ﬁg}te@ﬁ@ea F;?X%IBE PEEPQ? 3?) a%ag,ﬁa?ss%}) & used,
such as, s“ll@ﬁtl}ewﬂﬁﬁieﬁm&ﬁﬁéﬁd&%ﬁ rkﬁ&%g Mbridly AfRk tﬁé‘@d%Qfoffﬁnﬂie%Hr&' ler to
illum nate.” As anot her exanple, analysis corrput €r co l um nate a

| i ght - emi ctetactﬁ@ adwcedil%(rt@@)mg hatmiliss asaugi@inedic werthr aftibe bhé ehahagidtlol dser

wherei n eac § Ieh i S _associ ?t ed with an LED and the LEDs nay be
posi ti one VS 2"BBAPE RGVHH BT He a central viewing Iocation to

[0084] Image acquisition devices, such as image acquisition devices 26 of FIG. 2, may
inspect web 152 at lanes 154. One of image acquisition devices 26 may inspect each of
lanes 154. Analysis computers 27 may determine whether corresponding image
acquisition devices 26 have detected an anomaly, as described with respect to FIG. 2.
Moreover, analysis computer 59 of FIG. 5 may determine whether a repeated anomaly is
occurring in any of lanes 154. In one embodiment, analysis computer 59 may use the
algorithm described with respect to FIG. 11 to determine the presence of a repeating
anomaly in one of lanes 154.

[0085] Because a repeating anomaly may occur in an overlap of lanes, such as in the
overlapping region between lanes 154A and 154B, such an anomaly may be detected
twice. The inspection system may use various factors to reconcile such a duplicate
detection. For example, the inspection system may compare the cross-web position of the
repeated anomalies, as well as the down-web position of each instance of the anomalies

and the repeat interval between instances. When two repeated anomalies are discovered
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an operator. Additionally, analysis conputer 59 may further output the
position of the anomaly to assist an operator in repair of the offending
roll er. TWO 20pe03e488r rmay determ ne the position of the gmalse@ioz#ss on mark
on the roller and, using the position of the anomaly, inspect the roller at
the position of the repeated anonmaly to determ ne whether the repeated
anonmal y-causi ng elenent is repairable.[0082] FIG 10 is a block diagram

i |1 ust r atWilythgamg srass-avchaesitign and Hstapees| i ghecaiompligs oscyadng #itke yamites

154A- 154K, ("1 54" ) r ' Lpent, in
or der tolﬁé)etne??nl?ﬁoe&év@%gtaﬁ{e@ ¥ ﬁg?@XﬁJgE%g%{%ﬁ{r‘?ﬁggca&P %ggrg g%%g%% (r%{gl nomal y,
web 152, anbimahicssmyasmeptoasigptr twelnl G, fof te sexangpeetingampniady. di vi ded into

| anes, s | apes 154. An .anal ysis system such as the inspectiop system
of FIG §§9§éfr‘lﬁn21plé&; Qg dHuafiRs Sncilriongng aasuggwt.h_me_@ega@ RISAF ed
anomal i e, Wchie &Fapﬂé%dﬁéh 1f¥ PR En SRAREAbE Pf(?ﬁ?h’!}&?&e@%é% {d Gfect Gk YesltQp Of

web 152 i'nto | anes may 1 ncrease the efficie ata gathering. That
is, each stanE8md\FI0e) imzpeaestedlarndnbeédmaht. yinwnt hobodinegatit methodnbhRHb.i es
occurring.in the other |anes. [[0083] I he exanpl e odj of , FIG 10,
web 152 LR ot so PR e et AoTEsHeh SRR dRb0r FE Pae Bepi ot ed
i's merel opxeml@dnyme 3ad .t he choice of the nunmber of |anes may be made as a
result of the size of web 152, the nunber of inspection devices avail able,
or ot her [088%ldngially.amelysisBamputes 4, in 28 4Fampls gmbogdimebnt.Bleicramings dstsliinzat ed by
dashed I|ipnes, er.e n 154B, 154D , A54H. and, 154 re.demarcat ed
by dashed BT s b BB d WP DA T s Tl 2 r B RE Ty o

slightly semaheik arAn@aslythiaceusdd By iegeatntng adnsmbiudion g nlahefaedgagof a
| ane will be detected as well as repeating anonal|es occur.riq}g in the
sig

center ofSyptal uches apadier ipflet nidhegdorgntere iaa coiin Wiscprhsidn refesedito.as] 0084]
| mage acqgy Skt | | ce : I .Skl i FIG 2,
may ins pel(ﬁm“me%{)h(?él}blg%%ét &Hg%lg%%%gE&fﬁe@ gﬁ 8 ?%gaégé g%:r(% u P%efﬁ?e:ﬂon%%g% cfie%fé 26 may
i nspect eaaimplf inl thnessci4epchted layismslicsaapstideryson2 or maye dBd plumlite ofiddédrher
correspondjng i e acquisition devices .26 have detected an. anonaly, as
descri bed®| PR e D PSR MoY B IHAF ;tﬁe %B%b‘iﬁ‘t dergelseie G s
may det eripicR&: W&OhBhe!9, dBRBRIBHPARPRBIYay 3arRf T8 AJ26k B th BRY 194A Liahes 154.
I n one enbodi nent, analysis conputer 59 fmay use the al gorithm descri bed

wi t h respbatthe oobd-@b pdsitien digtcentridrradtthercphesercmddhe dowepehtdisignee
between points A and B is at least Ryin (162).

[0088] Analysis computer 59 may then determine whether a point C exists in lane 154A
such that the cross-web position of point C is the same as that of A and B and such that the
down-web distance between points B and C is a certain multiple of the distance between
points A and B (164). A repeated anomaly may not repeat in every expected instance.
Several instances of the repeated anomaly may be skipped, as discussed with respect to
FIG. 6. In determining whether point C is an instance of a repeated anomaly, therefore, the
exemplary embodiment determines whether the distance between points B and C is a
multiple of the distance between points A and B. In one exemplary embodiment, the
multiple may be one of 1, 1/2, 1/3, 2, or 3. That is, based on the detection capability for a
given application, an expert user can predefine the number of integer multiples to be used
for identifying sparsely repeating defects. For example, for a given system with very high
detection capability, the integer multiple may be 1 while a second system with lower
detection capability may use a multiple of 5. The first examines only a single downweb

distance from a given anomaly while the second examines multiples of 1,2,3,4,5 and
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anomaly in one of |anes 154. [0085] Because a repeating anomaly may occur
in an overlap of |anes, such as in the overl apping regi on between | anes
154A and wo2Bl0/smsd an anonaly nmay be detected tw ce. TIRETIUSS@ROE446 SysSt em
may use various factors to reconcile such a duplicate detection. For
exanpl e, the inspection systemmay conpare the cross-web position of the
repeated anonalies, as well as the_ down-web position of each instance of

t he anonakiles “anld {e Naipehe compentional prpplesly ngeespsvath ingaspdipgtiplepeat ed

anonal i es[P%&tig'é ﬁl%ﬂi’;ﬁéseﬁ*@ &?%{égg%@emﬁ, S%maé%v\eb position and instances of

t he anomal ifes occurring at own-web positions at the sane
i nt erval ,[008f I$yis peim Cayn e Saarddt anéstaice filoen papeRthands, frexamples1,sld2,as not

to tri t lerts for th t] nonmel y. [0086] FIG. 11 |
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the result of step 128 one exenplary ‘enb t. In one
enbodi nenvhethdrehamvhetdrtiof peinGis fatt ofea/repentmgpacmtlyl Y appplsisevntpoted ada

athered fro ach of .| s 154 of N 10, as, .for exa e, l.ane
Jaan Toctsry TRt pan Gt € odrp drafehiss 65 oAy SpraCob Gy iR

det er m negadh 63 pdiMtdD Rdle th&\disiib€ Beti@Yn Pin ¢ b FD idehrttRd ofmenal y (160) .
As di scussed above, a repeating anomaly is an anonaly that is caused by an

el ement clistanagdstyrcadgotts HandB (HEN.flaenacmhgdisient, ¢y sagieciet efspadentiall] er
roller. Ther. re..there j. r.tain di.st e rei-n. weferred as "Rm"
w5 RIS Rty HelRLEd B sforfiEtis i VLN and S A DESHSRAR 2
For exanpogfirm fhdt Pein€:a% B .aind (efpe diddd pnv BB h sefictalsRdpdayingagorailicddr e of a
plurality of idler rollers used within a web process, Rnriln is the

ci r cunf er[8AY T6n0 paiat Brip founei (NG dranchof & 2ptnglyisgasauter AOBHEI v,

| ysi ' i 1 th
or ose- weB e ot BERIGRRE TRk Yt Mt Ppb AT AT oS S ance
bet ween pffoumdt &, fAr axeniBe, apombli¢sea poinRANB( ddA) wefOfBPhrt Afialrgrehing onmput er 59

may then determ ne whether .a point C exists in |lane 154A su t hat the
cross- m@nsalé[m@ﬁh% ISHBFIHOCEY 8 RO &Hét%@d%a\tfee&fpowtgﬁ&@% such t hat
the down-mebdoflcise DRbweRY, fahilis Botpitei3d ok AR DRNEP! it he

di stance between points A an A repeated anormaly may not repeat in

every expddf/ay itiingtidnlely Savpoiats A, B tGiroéd mhkd inea c@pwatoddergasdal y nmay be

ski pped, a%gmglligs(.: uﬁlse?eqo%ﬁ, grlr]al§s$sséjo%§:ﬁutér%9 may determine a repeat distance as the

minimum of the distances between points A and B, points B and C, and points C and D
(174). Analysis computer 59 may then expect to discover anomalies repeated at the
determined repeat distance from point D at the cross-web position of points A, B, C, and
D. Analysis computer 59 may analyze each of lanes 154 to discover repeated anomalies in
a similar manner.

[0091] After having determined a repeated anomaly, analysis computer 59 may determine
the source roller of the repeated anomaly, per the method of FIG. 9. For example, analysis
computer 59 may calculate an offset between one instance of a repeated anomaly and point
A, i.c. the first recognized instance of the repeated anomaly. Analysis computer 59 may
then use this offset to project an estimated position of the one of synchronization marks 47
corresponding to the one of rollers 46 under analysis. Analysis computer 59 may then
determine whether the synchronization mark was recorded within a certain error tolerance
of the estimated position. If the synchronization mark was recorded at the estimated

position, or within a predetermined tolerance level of the estimated position, then the roller
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FIG 6. In determ ning whether point Cis an instance of a repeated
anomal y, therefore, the exenplary enbodi nent determ nes whether the

di st ance Wwotnpa30438i nts B and Cis a nmultiple of the di PLaniseodvssisesn
points A and B. In one exenplary enbodi nent, the nultiple my be one of 1,
1/2, 1/3, 2, or 3. That is, based on the detection capability for a given
appllcatlon an expert user can predefine the nunber of integer nultlples
to be usegrraOndEEp ﬂh%makyzg%&)ﬂ@gmywé@%maﬂﬁ@ thepldending mpfer. e if for a

gi ven Syschggs)n%}o% éﬁ&%( nﬁk@@aggﬁ??édr&)&i aﬁ"i‘l?ea&'nhlaiéé o %n o%ﬁ@ﬁ{ mul tiple may

be 1 while second system w t ower detection may use a

mul ti pl e toferdnce Tavel, thermtlereoommmslirrgr’tbyhﬂyaclmghﬁatﬁimmuﬂzhs dmsthamilzarf roma
gi ven anonalxgﬁglle t he secB?d exam nes multiples of 1,2,3,4,5 and4, 1/ 3,
1A, and 1983 dePeafrd 483 at i onal conpl exity increases with increased

mul ti pl es{ooé% ﬂ{eaéfﬁdr@(ﬁeﬁl%et {#h@& bganai JBYorRGutSeSEh e wa%ufchbﬁ bEfe- [0089]

I f no point can be found ce from poi nt I's, for exanple,
1, 1/2, kﬁ@¢m€dnmnm$ofnmmsbkhwudms$ammembgﬂ%eﬂmnmbﬁmU&HkxampbB&thN@ branch

o oae g U BB BviRSuTRE o S ST R PR Y B

repeati ngilﬁmb% rath{ tRAkY Sk t&GQAR Yéahe RAIAORAI Bd dfpreumbtedy GOSOT crir,
however " YES" ranc of 166), anal ysis conputer may then search for a

point D \mér@ §0R e gt ghnay b@tqmesgwllﬁomﬂasur@ cler after Shexppgiedcampletse
di stance rg%ttl\'\ff‘e%r Hloel rg lérs 'Afhgl ng v&(e%7%)s1tlo{1s ototﬁg 21?&799 t%e Wf'B sigrtz@n ]\_)yslg%% set of

potenti al Used 2, and 3.

Poi nt D raay0ke aiﬁ1€314t)Q5(tﬁﬂfyidld‘ihg b@bsm@nﬂtdsffe%encB ofamlcrﬁ; wliieh iswleed part of a
sequence of repeating anonalies. [0090 I[f no paint Dis found ("NO' branch
of 172), @%P‘%‘P@ e@@ﬁﬁ%ﬁréﬁceﬁgphﬁ’y h@‘}fﬂwlsr@ﬂ%ﬁtﬁ?he process of selecting a

new start gﬁ%sr]m%?soes by P9 it 4 ﬁsﬁﬁr@@o t%é’b\m QitidA SEOIRA TGN pbdied T OF

exanpl e, poi nt's e not part’ of a repeatlng
anonal y amdnmhemdbsﬁmyhe&ﬂh&hmamnkﬂanﬂM@2AnamﬂhBea dnhnmmeémr@mamds B and C

were nmerely coincidental. , nal ute 59 _does
point D (anv@g?yrﬁm BGPTSR B qopiny %fela prats ﬁ%‘%&@ BoPHe vRu Jethelt and

D make umearociodmR ﬁsjo@%atm@zafWHeqﬁst s}'h@ﬁrsﬁl%ﬁon lﬁg@l oo FerUBAREIGr 59
may deternine a repeat di stance as the m ni mum of di stances bet ween

points A ﬁmﬂanbﬁmma@bﬁﬁw@omﬂmmm scaleraitoh @p(ommm 0.08halnysi s conput er
e T AR S P R RN SRR oo

synchronization mark 47A nearest the n™ anomaly in the series should be relatively near

79.1020 m (0.0012 m + 79.1008 m). If the synchronization mark nearest the analyzed

anomaly was actually recorded at 78.7508 m, the error would be 0.3512 m, which is

significant enough to determine that roller 46A is not the roller causing the repeated

anomaly. However, the first recorded synchronization mark for roller 46B may have been

at 0.0001 m. Therefore, the position recorded for synchronization mark 47B may be

expected at 79.1009 m (79.1008 m + 0.0001 m). If the actual recorded position of

synchronization mark 47B was 79.1018 m, then the error would only be 0.0009 m, which

would indicate that roller 46B is causing the repeated anomaly.

[0094] Although discussed with respect to the use of lanes 154, the method described

above is not limited to the use of lanes 154. For example, the method may be applied to a

full web 152 that has not been divided into lanes 154. In another example embodiment,

multiple analysis computers may be used, one analysis computer for each lane, rather than

a single analysis computer 59. For example, acquisition computers 27 of FIG. 2 may be
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D. Analysis conputer 59 may anal yze each of |anes 154 to di scover repeated
anonmalies in a simlar manner. [0091] After having determ ned a repeated
anomal y, wWoabygissssgonput er 59 may deternmi ne the source POINIUGSR009f 054463
repeated anomaly, per the method of FIG 9. For exanple, analysis conputer
59 may cal cul ate an of fset between one instance of a repeated anonmaly and
point A i.e. the first recognized instance of the repeated anonaly.

Anal ysi s rEegmmed tgoffpgyhe méf%owéﬂ%lé foyr ¢asreppandingrlapeschS4akagl of nat ed
position ; SYNGHY B | I i: one of
rollers fgalﬁl%%lg?lggﬁgﬁﬁgl S. ngﬂ;é?fsoaggﬁlrf%%ég?eég r%%f}{eta ﬁ‘gﬁﬁ fé%}e?%hﬁ%lgg\%het her
t he synchwapuratsd dor rresrcilvaienr dao natdddvdctdrited abeer may be endoded inod &r ance of
the estinated positjbon. | f the synchronization mark was recorded at the
est i mat eFOPRFTEHIabIgSIfRgHNFAAMGR EPe A ‘l‘rélné%“é‘ﬁ%nsltg%}é’ﬁu%?ra t he

esti mat eq, pASidrioPh co ?ﬁ'@r jt'ot"ﬁelrfo]‘ci’llnltﬁ’é &gﬁ%%ﬁ?@ﬂﬁﬂ&ﬂ. to the anal yzed

synchroni'zation mark s the offendin er. However, if the

synchr oni[8695]diGnil ks atdsckndiagmmatnstedingtan thenplsty uset mecrfaosil80.obsar wi t hin

t he tol erance | eyel he roll er corresponding. to.the, roni.zati on mark
o not trBerard B0 A b P BReTh fR AR R AN Oar B 5665 TRABRIGS ¢ of or ance
appl i ed byrigRal f)igfoSm SR o ex 8fpl8BYscPRt@ b N6 hRg iffludd@itLsnrpeiash meprber of
conpl ete rotations separating the anomalies. For exanple, for two nearly

i dent i calDatophigpsarhal$heanidiiiay eiryows raptandGe semmandeddato 6o e uway t he down
web di st anec RERAIALMOG LD ARSI MLSLuPlo Rl kit dabl ers w I be

appr oxi mat e y and eCm y 00 °smal | to neasure.

However, [809631Tn%k: €xpglirgdmbodiphcdt of FIG. aL | dnsodtpiit airdve] 820ht1adss, a trigcadown web
positions of the end of the web segnent will be 3140 cm and 3140.15 cm

yi el di ng &cPpbsiA thardisplaistinoreatden of detedtedippedipd arpmalics, aravpdl Asaalslie” err or

tol eranc i BV SR Q03811 the first
posi ti on?ar?a?g%ﬁﬂ%tb%%@%?si%%@?ﬁpm %%ﬁkgs (t)erCRa rgglelétsg fﬁgﬁg}?é%&eri es nmay
have beerin¢ledsrrdidddeatifitr dd@dn 8@ pdiotritecolumndB8ammaontlearipape adlechnd®0ral y may

h d at d -web dj st aof 79.5302 m T ffset ld th b
e 008, ng Fermsoni 9 oE s el MG Tier falima A6 SIS B roR PRl i 1 o1 er
46A (Fl Gen)esTR¥NBYE PRGNS RE: BYnSHOGHE BRE 2Rt ANolTRddkiFeACREME Pe A

position 0.0012 m Therefore, if rol'ler 46A is causing the repeated
anonal i es|1”tindicptosg thhtothe reg orcdields irdornsatioolondhé walt idontifredras “47.A nearest the n

anomaly i [ﬂﬂ&ﬂeEn%r%si i%sl)n%pl?yuclzoqur?lg lgglin%ci:a\{ee tloya U8ePhow important or significant the
detected repeated anomaly is. In the example of FIG. 12, the priority is illustrated as
“high”, “medium”, or “low”. Other embodiments may use different priority levels and
indicators, such as “green”, “yellow”, or “red”, or a numeric scale, e.g. 1-10.
[0098] Entries in action description column 190 indicate to a user the suggested or
required action that the user should take. For example, the first entry in description
column 190 is “pull roll #3”. A user viewing this display should replace the roller
identified with the number “3” with a new roller. Moreover, given a priority of “high” in
priority column 188, a user should replace roll “3” as soon as possible.
[0099] Map column 192 allows a user to select a roller and view the composite map on
map screen 184. For example, a user may use a mouse connected to analysis computer 59
to direct a pointer to one of the cells in column 192 and press a button to select the
corresponding roller. In the example of FIG. 12, a user has selected roll “4”. Accordingly,
analysis computer 59 has displayed the composite map corresponding to roll “4” in map

window 184. The composite map in window 184 may be similar to composite map 110 of
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79.1020 m (0.0012 m + 79.1008 m). If the synchronization mark nearest the
anal yzed anonmaly was actually recorded at 78.7508 m the error would be

0. 3512 mwotohn3d483si gni fi cant enough to determ ne that PCOIUSRE09464463 S not
the roller causing the repeated anomaly. However, the first recorded
synchroni zation mark for roller 46B may have been at 0.0001 m Therefore,
the position recorded for synchronization mark 47B may be expected at

79. 1009 rRIG78. Apdgsiprampu mgy dispaypap Béhinahe saseovidaw 5o dptpiogHoubf
synchroni_zat k. 4 9. : . -he 0.0009
m whi ch a\?\%J% I ialéiésﬁlé&t%ﬁ‘tﬁoﬁbﬁ%gﬁgﬁggmkg{%gg%%% Xg 1{1%{3’ Ilrgg%gelgta e %’ftl}lécg)rral y.
[0094] Al 198amd kistlingeisls fech favmhictcesdeacicated ahbmalisse? 00fin ngapels41 Dby etdmepleret hod
descri bed above is not limted to the use of |anes 154. For npl.e, the
met hod nf °BE CRBAFIMEH £y QM hom %_@%@w ﬁ%ﬁeaha’so%fp?%e%lﬁﬁ&? Blagleaiift o

| anes 154ondaftiBAREs SUATRL SoRPAd dRBlont B1b LRhe3RR! MShSmEpTPUL er s may
be used, onhe anal ysis conputer for each |ane, rather than a single analysis
conput er cdghodioentethampinbsr cloguirsénceon aompotabr in QX% rtai fels@on2vamynumber
beprogramed to effect the nethod of . FJG 11 for correspondi ng . anes 154.
Each of - dUGRIUIES TR BUHBGTEre P MRy RSB Eaer A G Ddb PP ad™s Efeat od
anonal i esexh@pRNAlaY I8S ntQTHNHIA! a &pRitc hRPUREH th Mst 00 instnEesBFtdaRd descri bed
above may be encoded into a conputer-readable storage mediumin the form of
sof t war e gatisredifor rales “+’hahn ezamdy acproeestsoparofular leeationoarthe eompasitor m t he

steps of the t hod. 095],.Fl 2.0S.a bloek diagram.il| rati.ng. an
exenpl ar ym%Ps%nrq?PH ee?l?%g%g‘f%]&ye neb&aﬁkmAenr $ace ylg%?“%n%%ﬁ YA gé‘%r@e‘?ﬂ“él “as a
gr aphi calin ggedanicrb&itioa®a the Eddhpositd @b Ghdyige displayddeah yraeh. iAnfaaonmatyi on. For
exanpl e, user interface 180 may include data output area 182. Data out put
area 182 MRy TERISMEBFN PAdJQdimésinainty Gpplavadiarcliey daraomaly oscysiag 11

interacti Lt : xanpl e, through anal ysis conputer 59.
[ 0096] |n&?%a§%§%§%pgﬁ‘3%§%%%§p%ﬁet%‘ of FIG 12, data output area 182

i ncl udes [80T100¢peat "Slaraea LEBAdikhlays dfapladys rdgafdmgehetber rolicdatipas thd
repeated anonualies, as |l as a "S”ﬁ;i grea 183B t%gt di s I?elys i nformation
r egar di ng"detBErsy hedninudgqryingrysiert Hrea PIaBALY FUSEHERr F3MPIS e %S er

col um 1861, Rk Abi Mkecmn@ﬂlm Bt %hltp@m@l&s CrHi®a e%&elaﬁmaﬁ&% d@f&lgtsmip

colum 192. Entries in roll i1dentifier colum 186 identify the ro to

whi ch t heoenturiiehei weht Weerr thavwebrdoes ponelin deotacewghhearollethdn fany sascesitpry i n

{ ﬁ:‘ Lr Ingf In %%.g Jo%rEt (ﬁ%l%ﬁﬁ? 3 rjdﬁgg%ﬁliﬁre% 8(?]111@21%9%%%3 g%ritoplg;[ cothrllnem 98 kgﬁ li&le%%%er
column 194 displays information that identifies the relevant roller. Priority column 196
indicates the priority, such as the severity, of the roll slippage. Again, in other
embodiments, other types of priorities could be used, such as color-coded priorities or
numeric priorities.
[00101] In one embodiment, analysis computer 59 may automatically sort the data
displayed in data output area 182 based on priority, from highest priority to lowest, based
on the values in priority columns 188 and 196. In one embodiment, analysis computer 59
may automatically populate the user interface, that is, without the need for a user to
“refresh” the data. In one embodiment, data output area 182 may display between 0 and
20 entries. In one embodiment, data output areca 182 may include a scroll bar, tabs, or
other means by which to display a large number of entries.
[00102] Various embodiments of the invention have been described. These and

other embodiments are within the scope of the following claims.
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[0097] Entries in priority colum 188 indicate to a user how inportant or
significant the detected repeated anonmaly is. In the exanple of FIG 12,

t he priorwOyoic3D4s8Bust rated as "hi gh", "mediunt, or "I oRCT/USRDL/054463

enbodi ments may use different priority levels and indicators, such as
"green", "yellow', or "red", or a nuneric scale, e.g. 1-10. [0098] Entries
in action _description colum 190 indicate to a user the suggested or

requi red GeAIMS:t hat the user should take. For exanple, the first entry in
description colum 190 is "pull roll #3". A user view ng this display
shoul d replace the roller identified with the nunber "3" with a new roller.
Mor eover ,1.gi veh naethurd comiprigingf " hi gh” in priority colum 188, a user should

replace roll "3" as sqon as possibl.e. 099] Map. colum 192 al] ows a user
to sel ect a r GPFENNRRR N Opwéﬂ%ﬁ%aég ?femna]awu@ﬁt poEReh? Y88, For
exanpl e, B, HeRhudRYsyVea, %h@%ﬁ?@acﬁ%@?ﬁeﬁ%&z %ﬁé&ﬁ&l&’(ﬁ't& a%ﬁg&%’ﬁt%llé%ftﬂ%l di rect

a pointer to one of ‘the cells 1n colum and press a button to sel ect
t he corr esghomaiufgctnmng systen, and hcexaegrhef dic 1BllGynd2onizatipesignaksndieitect ed

LT "4, A di ngl vy,. | ysi 9. h di.spl f h it
Cor resporlBftif tar g in Gl s R b B4 P R ERer e HEE O R endow
184 may kg nsdigddiar to conposite map 110 of FIG 8. Analysis conputer 59 may

di splay map 184 in the same wi ndow as data output area 182 or as a distinct
wi ndow. Anal ysilentdping ppeifiosoofithy rali syprlapnizaeioneraonih respedt 98 thervech;

di stingui sh { hem £ om, deli6¢h ad:d SRGALEN ANRIRLIES, A00dLNiMBRo LRy, T
exanple, in oné enbodiment , “Fandom anondl I es' 19 nmay appear ‘1'n one col or,
such as hinaglslicsdri fhe webpeat ed anonal i es 200 nmay appear in a different

color, such as red. In another enbodinent, the nunber of occurrences of an
anomal y in a de¢RtHyinggost efityr oswmare af theppemaligs 4 nereated agomalesdi ct at e t he
color in whic ; i j i : r map 184
may di spl ay aqg%ﬁ%%@g?ﬁﬁﬁggﬁggggbghéﬂ%%gggE%Qwﬁgggﬁgégmo?‘ﬁg?gﬂg%?ﬁéred for
rol |l er "4ositibns ahthoadpeated auomalig vaith the pasitionudfahe tadcagmtlimonaatidrheégieadsyposi t e
map only ogce may be displayed in black. An anomaly occurring between 2 and
5 times iM%he same | ocation on the conposite map may be displayed in

green. An anonRkM@eEM fdeRSh RBbNELheSddiicd Bnl bMTS roMRYs be di splayed in
yell ow. An anomaly occurring 11 or nore tinmes may be displayed in red.

[00100] Slip area 183B displays information regarding whether rollers slip

as e wep {1 aiel 8Rod BPCUIANYARYHA Ak RIRE SHon T e SR Rkali caused. for

repeated anomalies comprises:
for each of the rollers,

(1) defining a plurality of sequential segments in a downweb direction of
the web for the roller, wherein the segments are defined to have an equal length in
the down-web direction, and wherein the length of the segments is defined to be
equal to a distance corresponding to the completed rotations of the rollers as
indicated by the roll synchronization for the roller; and

(i1) determining that the rollers caused the repeated anomalies when the
repeated anomalies occur at a substantially equal cross-web position and a
substantially equal down-web distance from a beginning of at least a threshold

number of the segments for the first one of the rollers.
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web does not nake constant contact with the roller. This may cause
anonmal i es or defects to occur in the web when the web does cone in contact
wi th the wol2bsxv030488 any case, slip area 183B di spl ays aPCoIUS200d0M463 i er
columm 194 and a priority colum 196. Roll identifier colum 194 displ ays
information that identifies the relevant roller. Priority colum 196
indicates the priorit such as the severity, of the roll slippage. Again,

in other ®nbo hﬁ‘éﬂ@@?g of dlaim {.yphesciBpupite) fUrther COMMTECHAPEERE such as

col or - COdc%grd?ﬁeitgsrd.fgfgga 1045t BB hE o cfr+a§/i{eis}\ivﬁe?teiﬁ[t993r%uli8£t@s fhg;ﬁ/léig rfrl?e(r)]& fent,

anal ysi s conputer may aut omatl ca sort e data disp at a

out put arves dBRidnadelt eyt owar dftthe aonmtich aghhetdopmi-ech digtahce fromesd , based
on the values.in priorjity colums, 188 and 196. |In one.enbodi nent, anal ysis
conput er a@@lﬂﬁﬁgﬁ &@M%é@grv%ﬁf%%ﬁféeﬁ%e%%ﬁhe ARBili%ice, that is, without
the need for a user to "refresh” the data. In one enbodi nent, data output
area 182 may di splay between 0 and 20 entries. In one enbodi nent, data

out put ardea 18themasthodef ddien & wlrahliddnifying athsch afithaotoblers carsedshdy whi ch to
di splay a | arge nunber of entries. [00102] Various enbodi nents of the
inventiOHEW§§%lW8@WlﬁE§@mFHSﬁ. These and ot her enbodinents are within the
scope of the fRidRMINGa ErRiafiSmilDoMBon bf a firdIBhE BFtHe ARBMb BN sedofigel Vi Ng
roll synchronization signals froma plurality of sensors of a web

manuf act wnpmglysgesttemofwseeanidrong of hegomakics end o fardeanomadppasdtéont of agthird
differentng%khﬁgrBBwhgsaﬁgb manuf acturing system and wherein each of the
roll syné%ronlzé%lon srgnal s indicates that the corresponding roller has
conpl eted a f uletermifing thanthd Uiritriic 8 Hef aadtnalied) theGfecendgiz o thd@ioaallias ;
identifytgg positions of the roll synchronization si%nals with respect to
the web; anddks hirdgnarbigiapomatics ar¢ sipcatcdapomalics savsed Ry hstishorqefithe

| dentifi ‘?ﬁllé’@%Jhtehoﬁﬁ“)sthé’fﬁr&QRSEBLI?Z%sMBn}tH sdRd a%c%‘ﬂ%' byitiog \a}ﬁd t%%tthi § two or
more of the anonali’es as repea anomal i es; 1denttfying which of the
rol |l ers causal) pdigiondpeat edmanarcadsseschipostons @) atd sagh siyarpodintthodeswof t he
repeated anomali.es with the Positions of the roll .sync roniéﬁ iqp si gnal s;
and web direction by a distance greater than a predetermined minimum distance defined by a
circumference of a smallest one of the rollers, and (iii) the third anomaly occurs at a down-
web position that is an multiple of a down-web distance between the first anomaly

position and the second anomaly position.

5. The method of claim 4, wherein the first multiple is one of one-third, one-half, one,

two, or three.

6. The method of claim 4, further comprising determining a fourth anomaly position
of a fourth one of the anomalies that has the same cross-web position as that of the first
anomaly position and that occurs at a down-web position that is a second multiple of the

down-web distance between the first anomaly position and the second anomaly position.
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outputting an identification of the identified one of the rollers. 2. The
nmet hod of claim 1, wherein identifying which of the rollers caused the
repeat ed wocarlaes3conpri ses: for each of the rollers, @CY/usednios4g3 a
plurality of sequential segnents in a downweb direction of the web for the
roller, wherein the segnents are defined to have an equal length in the
down-web direction, and wherein the |l ength of the segnents is defined to be

equal to /a di skhereethedet daigbhavlirgeinadenydyipgmpidiefdhe wilamsicenseddke t he rol lers
as indicg%%g(%%Pbgﬁh&gk%ﬁﬁ%gghronization for the roller; and (ii)
a

. 1 !
determ ning t e roll'ers caused the repeated anonalies when the
repeat ed anonalcteemirong alfiratinamslylpetiaioh odh ffiyst egqeaf thernasmalisandasetomn and a
substantial |l y, equal down-web dis% ce frﬁn1a begi nning of at |east a

n
t hr eshol dPAEHYEROSEION N @ SSerfiheaie OT fR5ranRalTr st one of the rollers.3. The
met hod of _cl alqchmittfieh Bbin MbRIAAABelHich IR FiSPHRIkIL Bo OHPHId hE g

coordi nates of the at | east one of the anonmlies, wherein the coordi nat es
i ncl ude tsaeorcramemabbpgowmint i on of the at | east one of the anonmalies and the

down-web di stapce fr.omthe beginning.of each.of the s nts .of the at

east one of CHEBHURAM Soeohd s RrhsfeoR! dcammeiot W Pard hedbit o Ry i ng
whi ch of dffiige follkts@ySadaasSRE détbignih&PEAN S FcBARERCE RSa fENTIRIN SPGe wiBt erm ning a
first anomaly position of a first one of the anonmalies, a second anomaly

posi ti on cofregpondingriel adingt compidied minsionlof g, firghenceofithd rodlceshomal y posi tion of
a third one Ofdetteh ina}ggo e lelllro(:"lrst;yt ﬁl%g’aglentﬁgtper:n IS4 Iegggtpt%gitéio% ErI%PI I e'lsc&ua?ng%iﬁgn the

anomal i es, the second oné of € ano i €S an one o e

anomal i esfoad eomplerdiredtiamon®liisesncalibedollrys i tdrinisdd fesie tiafrotihe rol lers
when: (i) the first anomaly position, the second anomaly position and the

third anowaFiyoReeian venahrdhaliebarmn Be Bersaghd position, (ii) are each
separated 10 U AMAYEA He'fiG!dydidr Bt 81104 ShARE B RANES aroiBfie@uhen the
erine rence ol a sma

predet ermi ned m ni nu I stance y a clircu est one
of the r darteelishel@nd piédeicrmirted tdlorande Bmelral y occurs at a downweb position
that is an nmultiple of a down-web di stance between the first anomaly

position and the second anomaly position.
8. The method of claim 1, wherein determining that one of the rollers caused at least

one of the anomalies comprises:

obtaining a circumference of the one of the rollers;

creating a composite map that represents a number of the segments of the web,
wherein the composite map has a length dimension proportionate to the length of the
segments and a width dimension proportionate to the width of the segments;

identifying positions of anomalies on the composite map in accordance with
positions of the anomalies on the segments; and

determining that the one of the rollers caused at least one of the anomalies when a
subset of the anomalies that includes the at least one of the anomalies occur at a certain

position on the composite map a threshold number of times.

9. The method of claim 8, wherein determining comprises determining that the one of
the rollers caused the at least one of the anomalies when the at least one of the anomalies
occurs at the certain position on the composite map for at least one-half of the number of

segments.
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5. The method of claim4, wherein the first multiple is one of one-third,
one-hal f, one, two, or three. 6. The nmethod of claim4, further conprising
det er m niwg@ 2010/03488h anomal y position of a fourth one ofCrThsS2@mo0bs es t hat
has the same cross-web position as that of the first anomaly position and
that occurs at a down-web position that is a second nultiple of the
down-web di stance between the first anonaly position and the second anonaly
posi ti on.P. Thiherrethediobglaia &ifhither qppwrising ougaing he gemppsiernarsuchéhat of | er s
caused { N fBRCRE GY ANRMRLLESISAIR &S cordBH & WM Athflror b3y AROIRY
position of a tirst one of the anonalies and a second anonmaly position of a
second oreaclodf thhenamelialat esch afelicepayitiving gnd ad estioneba dscs tatake withtraspent t he
first anomaly position and the second anonaly position; determ ning an
expectedtgg%ﬁ”&éﬁ*%b@ﬁ?ﬁon of a conpleted rotation of the first one of the
rollers by adding the determ ned down web di stance to a position on the web
corresponding to a first conpleted rotation of the first one of the

rol | ers; Idet erFhemnetgodiof dainot, volyersinbdanai€ying g s¢thd tes pe otoedoftbs anéroaicsr om an
act ual positi0ﬁpfor .conpleted rotation of a first one of the rollers as
det er m néti "fh8 @ﬂ@ﬁiﬁ%&%@%§ﬁ%onization signal for the first one of the
rollers; and drFamEIplaalit etschit@itibl b8ds iRRr&kwhtheiré@loh&F shcRdtsaddt he
repeat ed anomal i es when the error is below a predeterm ned tol erance |evel.
8. The net hod separetchi predsssing ersgeetiodetats for prahgftthelanese iddntifheny wpheated
caused at_|least one of .th | i es conprises: obtaining a circunference
of the oﬁgog?ﬁé%%nﬁgﬁ g}%ﬁhgp%%'ing a conposite map that represents a
nunber of the segnments of the web, wherein the conposite nmap has a length
di mension proportionate to the | ength of the segnents and a wi. dth di mension
proporti ofat e ths metBodyplelpingt. wiracia oytauging an 16@%%ﬁ°?9?1h@f the ddonfifpd opgy of
anonalieghgﬂﬂkﬁgm gsite map in accordance with positions of the
anomal i es on the segnents; and determning that the one of the rollers
caused at | eastssamirgingfeatthef tho capehtisanohahcawsh biseitdetifiddrellarsrahdigsththat

i ncludes the at | east oge of the anonmmlies occur at a certain
repeated anomaly, an

outputting each of the repeating anomalies and the associated roller causing the

repeated anomaly.

13.  The method of claim 1, wherein anomalies are potential or actual defects.
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position on the conposite map a threshold nunber of tinmes. 9. The nmethod of
claim8, wherein determ ning conprises determning that the one of the

rol l ers csoet/Bms3at | east one of the anonalies when tR€TAIS2000A5446DNne of
the anomalies occurs at the certain position on the conposite map for at

| east one-half of the nunber of segnents.10. The nethod of claim8, further
conprising outputting the conposite map such that positions of the

anomal i esl4arkniedwdtoompedingn accordance with a nunber of occurrences of each

of the anomal i (R - ' o take
w th respect tfgls% %}tgb glﬁaglﬁga?{%nﬁg%?’%?@é%gﬁ@%ﬁu HH@@?@%SS'S% f?sré)logti aﬁ%{ Oif/\,her ein
i dent i f yimge@dalsebdrind ddtavspifyimgrfer @ich bffiehcanbemhisele csha eplead edichntheral | es
conprises: defining a plurality of sequential lanes in a crossweb direction
of the \AéBl,lerdﬁiPcé‘@gar ately processing inspection data for each of the |anes
to | de!’ltl fy arWth?c%@%&ﬂn?ﬂﬁWﬂ, ?&ﬁWiﬁ%}!oﬂ_sgﬁ‘&ﬂoﬁgaﬁolﬂesiétﬁﬁ%m% furdfig et hod
of claim1, wherein outputting an identification of the 1dentified one of

t he rol | exfsemsonpmihses cab o6 theaehsrgs eavdspafdstthe diffgpestonngf theanBérs.emdwi t h t he
identified raller caysi ng, t he repeat ed. anopal y; .and out puttin ach of
the repeathsign shdhdl Pebibvachmalabaeeipdia o o rormp e aiedisg
anomal y. cbaiplctéea MRt Redioaf claim 1, wherein anonalies are potential or
actual defects.14. A nethod conprising: for a web manufacturing system

havi ng a pl ur af¢ntifyiog pestipesofithe ralkbsyspyenizatiogeigsils yith eespedt to drecoréng dat a
specifying for_each of the rollers a.side of th n i.ch the roller is
bcat et when TRari0SrehS Rt RE RpdhRofn PEm B AR PO PG OS gra s
from a planbalaliésorothes@bsors, wherein each of the sensors corresponds to a
different one of the rollers, and wherein each of the roll synchronization
si gnal s i ndi cdf@¥ifyRge setef tweror expeatiths gnewriicesras repeatcd pproelses: a ful |
rotation: idenglifing RS 4 BORIRL: GG Bk LerRYRERRARARAL, stk Wi Lh
respect to the web; Feceiving anomaly data Prom a web in pecti on”system

t hat i denfositioasoptbsiréfcated andmalies with the positions of the roll synchronization signals;

determining on which side of the web the identified roller is located; and

outputting an data indicating the side of the web the identified roller is located.
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anomalies on the web; identifying a set of two or nore of the anomalies as
repeat ed anonalies; identifying which of the rollers caused the repeated
anomal i eswbypomass4sBat i ng t he positions of the repeated RODABRIHI4AI h t he
positions of the roll synchronization signals; determ ning on which side of
the web the identified roller is |located; and outputting an data indicating
the side of the web the identified roller is |located.15. A system

conpri si ng: a HPYFHENCOPPHINEo| | ers in contact wWith a web of material,
wherein two or : i . i i rk to

i ndi cat e when atlﬂg{agg}r)éfe&s)g%rslg? %%ﬁ%%ﬁ%%%@%@%%F%f gléglcaeh{% &?}cl)érg@ ngfle ;a

pl ur al i t yobérs sycicincladt z aynchronizatikn hesak er s dich@twhoaahe tdrecspymiiing mibicz Bdsi on

mar ks of the l&”ﬁlgi tgq.of‘ roll ers and output roll synchronization signals,
wher ei n ¢RBPIGFd ¢ Bl Po8ONS y nehr oni zat i on signals indicates that the

cor respondi ng 4 Alifify HESnARERLAt Rk bl derd @EALAPHAYRIShi TR Rk UE Ng Of
the web; an encoder “on at |east one of the rollers that outputs a position
si gnal i rtbi¢ platdlire obrfollarscodmutpebrali smealmoeizefiort fignakg yheamn cardpd¢hd wh syst em

that i nspectss the.web and out puts, anonmaly data identifyi 0osd i ons of
anomal | oy BTPHE R S RERE s B ROR el et @S HRd Bosi ¢ 1 on
signal frgmibhauenendpifaaiing Bethehdbal ity of roll synchronization signals
fromthe synchronization mark readers, wherein the synchronization unit

converts the cacuredtoe ablcagaah obfhetrplders diat owtpnisiarnesitivatsigaal wiligaaysefi nt o
dom-mebaaoé)os{)iv&_gv {Jﬁisﬁntcé‘hﬂh%v&e%or di nate system associated with web process
| ine; and an analysis conputer’that processes the anonmaly data to identify

a set of two aih ingceticd sylsteen taoiBddc8Ihas chb apealitpots anomalyl s, idediyign t he
anal ysi s conput er out E)uts an indication of which of the rollers caused the

r epeat ed NoatIRES Peaopirlisner Bicarstag t he positions of the repeated anomalies

W th the down- "\5'? B Bﬁ&{‘én‘f’t& £ REQ the SYREH QDAA RohPhe ShANRL fydfhe The
system of cl ai'm %tPr V\;r%er ein the anee{f'ym esﬁcénpu%}%b ?@ent [ f%l és a 1irst one of
t he anonglluraktyadf rall yirchtondzation lsignple $iotn the syachs@donbnanek ofadtisewaaeiml | es at
a second ﬁnomaLIy ;lz)osi tion, a third one o

the synchfonization unit converts the occurrence of each of the roll synchronization

signals into down-web positions within a coordinate system associated with web process

line; and

an analysis computer that processes the anomaly data to identify a set of two or

more of the anomalies as repeated anomalies, wherein the analysis computer outputs an

indication of which of the rollers caused the repeated anomalies by correlating the

positions of the repeated anomalies with the down-web positions of the roll

synchronization signals.
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of the anomalies at a third anomaly position, and a fourth one of the
anonmalies at a fourth anomaly position, wherein each of the first anomaly
posi ti on,wOhelwsessad anonmal y position, the third anomal pCpaseamom4eand t he
fourth anomaly position occur at a comon cross-web position, wherein the
first anomaly position and the second anonmaly position are separated by a
first distance in the dow-web direction, the second anonmaly position and

t he t hi r déanoniopypesiafickimade separated by a second distance in the

dOY"”' web di re%ﬁe?&n.ttﬁbaéna rﬁisachoiﬂp ?etr 1{%}#'&&1%?&% s(i)foné Qfethpaﬁéﬁlalgés%‘i ) and the
third anomaly position and the four anomafy position are separated by a
third di sinamab pasitiodnea skaond vedofihe ecémaiestahatedoad anwedgpdsinuh,ta third oaé t he
first distance. 17. The system of claim 15, wherein_the first nultiple and
t he secor‘iﬁaﬂi‘ﬁﬁntoinﬁi?@ ahreethg @ngipalymesitinnyapd afpurth apg of %ﬁé?ome\'&s abp fRtiibee. 18.
The syst ephRbiyclRitHnlS, wherein the anal ysis conputer determ nes a distance
bet ween two of the repeated anonalies, determnes a first rotation position
on the web corwlesgordinef the fisst andratly prsiobn,ghd sacend amenalf posigon,chd durd,
determ nes an, estinmat ed, down-web roller.position for a subsequent .rotation
of the 1 aemakresien s BEIMEEeRhus e o BheB PR Pl

repeat ed anomalh@sinlkk tiR€addniady pbRticH AdNhP 9&dohdl @Rom A9 HBEITbA SR s@?ar@treﬂor by
subtracting the estimated down-web roller position for the first one of the

rol | ers flyoniighdigenemin thofdewn-wsbshinettam, thetseeoridrangmaly pasetionyandihothirdat i on

unit, and determnes that the first . of the rollers:caused the repeated
anomal | ocnpafy g oS Hpatal oy { Seof GisBhed thind ou EkpHMMERM Bl hoPES 2

syst em offired iuilipkoof thdffseiBtant Q an€ @rhthddl ahidifaly Pbli€ios afdibic Mguréh anomaly
synchroni zatjon mark, the analysis conputer: (i) defines a nunber of
segnent s REPIIORSTSHSHAR{FAPY nthird dissancein thrdowaghehdisccHgn that isentgeend n t he
down- web rﬂﬁl'iigfetd.f‘?ﬁbﬁr%’tiﬁﬁﬁﬂc y the circunference of the roller, and (ii)
forms a conposite map at has a length dinension proportionate to the
| ength of the segnents and identifies positions of anonmalies on the

conposite I.n accordance wit sitions of the .
P 17@p "f’he system oq” c?a?m l\gl, wmm%?n the first rmﬁtlple and the second multiple are one

of one-third, one-half, one, two, or three.

18.  The system of claim 15, wherein the analysis computer determines a distance
between two of the repeated anomalies, determines a first rotation position on the web
corresponding to a rotation of a first one of the rollers, determines an estimated down-web
roller position for a subsequent rotation of the first one of the rollers by adding the
distance between the two repeated anomalies to the first rotation position, determines an
error by subtracting the estimated down-web roller position for the first one of the rollers
from an actual roller position determined by the synchronization unit, and determines that
the first one of the rollers caused the repeated anomalies when the error is below a

predetermined tolerance level.
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anomalies within each of the segnents, and wherein the anal ysis conputer
determ nes which of the rollers caused the repeated anonalies when the at

| east onewof2otomso4s8onal i es occurs in the conposite nap POT/USh@W/0843b3 er at

| east a threshold nunber of tinmes. 20. The system of claim 19, wherein the
threshol d nunber of tinmes is a majority of the nunber of the segnents. 21.
The system of claim 19, further conprising a user interface that displays

t he conpdéﬁ-te%rﬁ}’ﬁﬁmr%fml?’é@elﬁ& ation of a nunber of occurrences of each of

t he anomal i es he MBS - DQSI L - u action for
a user to take\%var%lﬁ’ froggpect I?%%Elﬁlg%%gg%%féy% ﬁe} 1;1%%&&@?%2&1%2?1&19%

conput er -doempadadd] e medi um conpri sing instructions for causing a progranmabl e

processor to: receive signals fromsensors of a b nyf acturj ng system
wherein each of the senddr ﬁeeﬁ%@"ﬁ@qﬁ S%n%{l%ﬁtpgweg?u#w@%@ﬁfl})?the
manuf act uri ng SYSt%@?m@i’i‘t@'h&‘@@fe‘ﬁ%&iﬁm&xﬁn-%lﬁd?r@&ﬁ)‘ﬁ_rd%ﬁﬁ@cl‘gﬁﬂé signal when

the corresponding rofler has co eted a full rotation during manufacturing
of a web of materi aliscuinfl@edefof thpowilei,end of the roll synchroni zati on

i gnal ith respect to ft. web; deterni ne nent f.the.web, wherein a
Gl Sance betwoen the podiit TS AspTpRatd i 1gf f e S AR onal o

correspondi ng to theosRphfs RhE Ringth SMBe fgnRatinafiddnfigics pbdigss otef i nes t he
| ength of the segnments in the down-web direction; receive anonaly data from

a web inspection syspeglieshen the gemppsiicagapogiceordmecorithpasitins @§thsn t he web;

identify correspondin sitions ,of-the anonmalies on each of the segnents;
determ ne that one agP%aﬁgsvgélﬁgégh%ghgge né%ntﬁ’glécgt one of the anomalies when

a subset of the anongdréigshd fatysistohipies defeemats dastofelierottrstchescdnismal i es
repeatedly occur at a certain cross-web position and a certain down-web
di stance from'EPRtsPARipyWhEn Baehleast onpef disgramalcsiaseuss ip HiccoRPosthunmber

of the segments:, ANt AR RRk96ALIdIE GahbAbrfndshe one of the rollers.

20.  The system of claim 19, wherein the threshold number of times is a majority of the

number of the segments.

21.  The system of claim 19, further comprising a user interface that displays the
composite map, a representation of a number of occurrences of each of the anomalies of
the segments at each position, and a suggested action for a user to take with respect to the

one of the rollers.
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22. A computer-readable medium comprising instructions for causing a programmable
processor to:

receive signals from sensors of a web manufacturing system, wherein each of the
sensors corresponds to a roller of the web manufacturing system, and wherein each of the
sensors sends a signal when the corresponding roller has completed a full rotation during
manufacturing of a web of material;

identify positions of the roll synchronization signals with respect to the web;

determine segments of the web, wherein a distance between the positions of the
roll synchronization signals corresponding to the completed rotations of each of the rollers
defines the length of the segments in the down-web direction;

receive anomaly data from a web inspection system that identifies positions of
anomalies on the web;

identify corresponding positions of the anomalies on each of the segments;

determine that one of the rollers caused at least one of the anomalies when a subset
of the anomalies that includes the at least one of the anomalies repeatedly occur at a
certain cross-web position and a certain down-web distance from the beginning of each of
the segments for a threshold number of the segments; and

output an identification of the one of the rollers.
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