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VEEB | NSPECTI ON CALI BRATI ON SYSTEM AND RELATED METHODS

Background Certain web properties |lend thenselves to
W@pipa#d720 nspecti on. Such properties may eit hePChES2009/041596

directly observable (such as transm ssivity, or

aberrations such as scratches or other cosnetic

defects) or be sufficiently correlated to an

opti cal | y- observabl e property as to be nmeasurabl e. For

exanpl e, for a non-woven web, a property correl ated

with an opticall yobservabl e property, but not directly

Rt i il dok e pelive

rate of heat flux across a known tenperature gradient,
but such measurenent is &afckgrmund in on-line,

o T R Pat SR TR gkt ARl b e may ciher
be Uﬁ@d‘tﬂ&lbs@r@ﬁﬂ@ %dch'a& Yraﬁ@ﬁﬁsﬁﬁtﬁ Qk bsdradtidds §ikhtad @cratches or other
i ght ness of ? ht transmtted througy it and into a
_vp

cog@qﬁce?@fe@fS) opb¢ @sf icispihs eersclatydh tosan epfica h@f@é’ﬂﬁt raperty as to be

ransm tted throu
e Pomatits SRR TR bk s P FolERischl B pReaty-
ob&pHdbEAprop &S iblOndt RGO} SikcBRabIcPTsaM iAkRIhtinB & apaMilitgatvhich is often
signal can be calibrated to thernmal conductivity

mog#iired by theanatedondediyife t A/W@lg/ S ﬂ@rljn@clsqondmlvetya@ﬁ@ be mspsuged by
oAl Sﬁg ! {h)é rgtlg gﬁq&ﬁux ACTS Irloevgzn P p tt{lrcea I' dle S[pbuct shdl]
ec rﬁ kit examp e pr opet el ude’ Surface

meﬁﬁﬁ@tﬁ&ﬂi§ dlfﬁ&tﬂf ikedn-Ghdf td)‘éih&‘ﬂldnyt;prQﬁ\Qﬁdnfrﬁé.nts However, if the web’s
crystalinity, and thi ckness, to name a few, as well as

coRfrugliRs @@wﬁ’m baht tyngpesionds theresl émdU@awt}d@ﬁx ibe gorrelated to
the g@%@?? gf l‘c%htt ¥1?n{n%¥te(? ﬁ}ré)l\%léﬁ iy a f %ﬁo % § I‘l%fS rok n%t%lf geins(%g Thus,

usihg sixadptideigyignl qﬂlaghtttrahsmﬁed m‘rp@gﬁ the mve$>g:ihe Re®)s thermidle
calibration of the sensor or sensors that conprise the

comtw%@@&q daragipsicehi g knavinerticel sensing sechaelagisbguevided the
opﬁébl? lgﬁ g%? %E%Mat%ﬁ ¢ Hkﬁﬁﬁ%‘m&&u@ﬂ% hﬁg&%ﬁ@ﬁﬁ#@ﬁﬁ%lw is just
ate or error or a

n sone nar

onK &6 b AR fiedpertptinraay bOysdaeursd Bndptiell hsgsctioarechniques. Other
calibrating.a web inspectijon sgsten1are‘disclosed. o
cxaypple PEgRsEicpircdnqosuriace foughnoshdherBrhddis vy, pesasitys prystalinity,

an(g:&ué nggséfé)%déﬁg e?fe'\xp 0 Qe 1%% WE Lo S cgaqi‘%al ﬁgp&ﬁ§%ﬁge cﬁftl“:c‘al density,

o neral’l'y, se syst
trahdiviodiviey, r&fectisy,@hd dirsfrivgerce.

An issue for quantitative inspection schemes (and to a lesser degree qualitative inspection
schemes) is the calibration of the sensor or sensors that comprise the web inspection
system such that it yields data about the web property of interest in units of measurement

calibrated to be within some margin of error of a known standard.
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up-web (or down-web) fromthe web inspection system
the sensor configured to accurately neasure a web
Wpewopesd7yo of interest in calibrated units. | nfRCTEHSI009041596
provided fromthis sensor is used to enable
calibration constants for the web inspection systemto
be conputed real-tine or near real-tine, nost often
wi t hout interrupting the normal nmanufacturing process
of the web. In various enbodinents, this calibration
system may eliminate the hewmim#rgr down-tine or
resource-intensive tests associated with traditiona
approaches to web inspection system calibration.
Sy§tbint BES methdd§ SrichEbraNsd 208 MPeaRhNQSEMAirs 81s6168&4. More
herein, a web inspection systemmay be configured to
spsiienai Hesystigas tend atcthels iferfroplrieme, om-laisatibratior bt pmepérspgction

LN _engi.neering. units..ln _sqome enbodjnents
sy R TR BB bR R Rn ETRREHSET gy s of  sensr
upRVDABF ddves-weh) ABR thE AEB sRpsctidn sitbtbieiheREndot BEFigudsd to
conpare data across web inspection systens, or analyze
acquiRicly endasuried pPperhecisaivecsivatralihsrslomiton Ifgunationgyeyided
fro%ﬂ tgvv: s%rglsgorr ﬁnlléleﬁ I_IL(P :ergabgeucl;aziﬁléaﬁfgl{l iec]énsg?en % folcl:r ate; ﬁ? aﬁs%éﬁ?r&%n system to be
cordpsit€ Mal-ihfe or hchiSredl-tithaghéstvaitn Hitheiht inRaphimoik asrrhdlat
conprise a quantitative inaging system FIG 3 is a

manpganas Prodes efitharchgravaiiogh cmbo@imepisodieseplibrgion ypgfem may

elir?l?na!tjest%g Ly %? ldb\%l-%tn?e & r%%o%r ARG QLSS tcﬁa%d le:fltﬁ;‘traéitional
IS a scﬁerm I ¢ of a calrbration system WI% a sensor

approaitee b Web RspdcBinn syém chldbiafi@!. Fethet @isinkltks syBten® add methods

_schematic of a _calibration systemwherein the web =
displesqsbleargisng §yB {speqtion syses npaycbq qondgyied fo provide quantitative
. tall.e i pbtion. 1N ' :
R A TR T S G S
quatit@aivictiafortionN@pPe bé L t6 ¥oinpiRe Y@ ctlicsio sRd Prod@Bscs on different
_information about a web property in units calibrated
lingsp O CqupRARR date AF@ET WED MSPCCERA FItamS.or angly #rlBE PRdorgnes of the

|, S b r e ' ' i nspection

SM§€§§E#§P&§E%323%§33§4%ﬁggﬁgh@@ é%%%g'change of a web

property over tine. Qualitative inspection systens may

be sufficient to recogni ze signal patterns
Brief Description of the Drawings

FIG. 1 is a schematic of a calibration system.

FIG. 2 is a diagram of functional modules that comprise a quantitative imaging system.
FIG. 3 is a flowchart illustrating a high-level process that may be used to calibrate a web
inspection system.

FIG. 4 is a schematic of a calibration system with a sensor mounted to a cross-web transfer
device.

FIG. 5 is a schematic of a calibration system wherein the web inspection system includes

two line-scan cameras.
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i ndicative of particular process defects (such as

chatter, die lines, nottle, and other typica
woRass7tor m ti es). However, as qualitative i nBEEUS$10091041596

systens rely on no absolute target |evels or

calibration procedures, they yield no reproducible

metric (or set of netrics) that can be used by an

operator to track whether the web process is in

control, or whether changes to the process have

reduced the web's | ev®etajfedddescriptibpornity from one run

to the next. Sensors and i magi ng systens used for

i nspecting web-based products nust be calibrated
WdenkRAtietysomsTddasipestduattitafiveald fiaftation cabb@Edithe. A

depends on such things as the type of web being o
quinisgivetiespectamabsysiat yikdp inspprtiop entoymation shout @web prawerty ¢n units

ubject to the ins tion. ,Additionally.. enyironnental .

BT Ed o horih SendPE TR s Bkl S i S QPR win
qualitafied ihypectdisiysteaselviichFoelison thOFdldiveaRehder FAUGLH BBperty over
~and nmai nt enance schedul es may cause inspection systens
timeo Qyalitative dfspediontsy stems may ddufiivient freseagrizeatignal patterns
idERPROEDRREY e SRR Y Eftsh St R By nc ot ypice
nog-ahif®atied) g Hopleh 62 bs §@IMsdtVG iRGput R Eteh@ el no absolute target

i nspection generally fall into one or nore of several
levelstos galitiratéon ogesturest they visld no rapeodugihle wakis (posct of metrics) that

cal | brati [N ' i.nv-ol v cor di
corf R b o Gl ol P Beeh s ¥ PRes S Ry B el
chdn@sPeché procedsHaeenathest thbatebSyISte BF hén-axPesEs, fr®mane run to the

known sanpl e or known set of sanples. In the case of
ne¥n optical inspection system this is often done by

placing a series of sanples into the optical path or

pat hs of the inspection system possibly at nultiple
Sciosd dddnfgingliystef isdd foeinpatiagalebriaged produdthalustrierdatibrated

weh processing or production be interrupted while

perdedipillys The dapicatae eglihﬁ@téprt febrdratonsAdnot rehihingeeipe dpe of

Db At LG By T s PAREBEI hpecion

Addltlonslly@hi@onralaiileesditibas anhe©bperiwly @@&obhment, (temperature,
generally adjacent to the |line and outside the web

humdity, dyg if‘r"élst i sodREhhipdraedusiion apd swatenaee yhedulgs may cause

ins?%cgﬁaggaerﬁgfgj%@oﬁrof SATRLESH gﬁt? gﬁ@ ngﬁgﬁk?fgﬁibwgnteb% few

I'nspecttion system cali brat ed.
dawsabvdoy &w bourk,ee posdibly Rspetirofic@igstl e MApprobess or edibraing
i.ts webi nspection position. Wile the inspection
OpiiGHs pAHNEFeaBmanf frg wabdnsngetian ger k¥ dall indeone or more of several

categories.

First, the "off-line" approach to calibrating a web inspection system involves recording the
signal (optical or otherwise) produced by the web inspection system when that system is
exposed to a known sample or known set of samples. In the case of an optical inspection
system, this is often done by placing a series of samples into the optical path or paths of
the inspection system, possibly at multiple positions. This off-line approach requires that

normal web processing or production be interrupted while samples are placed into the
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processi ng may proceed, but absent a second inspection

system (which is costly), such processing may not be
wawraGbitgs7eont rol . A second approach attenpts toP@HUSENNI/041596

calibration data while normal web is being produced,

that is, using as-produced web, albeit with as yet

unknown properties. To do this, the inspection system
loch86Phéttnatd e i pthbivedt ASestdtion oﬁ_fthM@Pf-IMéOa"p?roach is to move

| ocation is either marked or otherw se known to the
thowedh insprghipm gy st tiaphudingehuminetién deticaskiotdngrit-vicbpesition,

reaches the winder, it i ut fromthe remai nder of
eefofaROERac b R dgnids B brebriaf, W BT R R reionss,
assbBlaRdGHeH 4 §tinde@didr@ble bAGmPTEMAndRGedoRddd, BEC R web inspection
| ocation information is avail able such to all ow

sy shos celitopisd oA fteheal daatipnghe webenspeggiogtsesterd infasterechie 1gared-

. stored by the,i. ection system. t he. sa e ssged

inspr st inh " LRIRS bR Tt A 0Py R V8

procedtidgdhay PoteddTBiMt FHsGRA sB&dSRhet@iNyRhigvEe] IsRbaty)oduich
data for the inspection system This approach is

pracessangr way nefthsrisithie ceeblr equi res careful attention to
sanple registration to achi eve good data, and al so
suffers froma substantial time | ag between when the

A sasmd @)pirdiﬁchia&blh}zfts pasb@th daibaigh dhfaaviilsieshi WEb Bthatrgon
and when the calibrati on becones available. A third

progiupede dteh s, HYBE deBrodueas wenslbed tTiBnsofet traoamayeparties. To do

i PR ASEAE R BB IR e Rl LT R i i
maklee loBfervisewaewR Yo thRevdbrieneiid §Rtesy SWRBh thETirst section of web
provi des ongojng calibration data for the outernost .
reaglgs<tbe witldsahis suiipmdhgreaminder pSthe pyaby usugHy phgp “end-of-roll
r r.anst er.ri L b | ' [ S
i R T P R

avélalelsnkin llow SEhition Onkhowingdg e of repiierddelvall thenlata stored by the
_ between the responses of the inner sensor elenments and
insppdiopsgyemdiendghe sanele pessed Suopghrthe inspeotios statipy affiiaequality
i ' i ve. t ; . .
col RIS 1 BRI MRS LA Bl RSB, i
apRB RS Besb Orov aiteing: adIrtquins cafefil Aentivmae cimplr reyistivhso
field-of-view, thus_addi ngadditional known offsets to

achigye gAo Ktnanst prorutfess frem a wbstptinl time lag Betacer whghthe sample
B e T
the inspection system may have to operate over. The

mul tiple point calibrations of an inspection system
A tlhgq GPPeach WoltVﬁ%so(%epqq;%@ﬂ@gon of the above two approaches. For example,

a known sample may be placed outside the edges of the normal web path, but within the
arca viewed by the inspection system. This provides ongoing calibration data for the
outermost sensor elements while product is still running. However, transferring
calibrations to web inspection system sensor(s) over the normal web, whose properties are
unknown, requires knowledge of the relation between the responses of the inner sensor
elements and the responses of the outer sensor elements, and those responses must remain
fixed relative to each other at all times. In another example, calibration samples are

exposed to various portions of the inspection system’s field-of-view, thus adding
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descri bed above are tedious and may require a

relatively large nunber of human operators, a | arge
W@ appP1#d720 nvest ment in an aut omat ed cal i br at i oPCBHYS1089941596

or a conbi nation of both. Further, changes to

conmponents that conprise the inspection system (for

exanple the intensity distribution of a |ight source
addifiOvd] h&@n bFkdteto @t uBkndveh Frop@HBY &6 thekvebNhal fiaEsshe

bet ween the source and receiving optics in a |aser
resgecainne o) theetrtist¢al apmations phthe veed dusmgtcalbbrgdn, apg @lso thanges the

sh a .schematic of one enbodi ment of a calibration
rangs SR HSRSTRGHOT SRS Y B9 QAPGET D handi i ng syst em

W may be any web handling system used for

manuf acturing, converting, processing, or inspectin
Thowmltiple pyebcahbratiops béammppertive syda¢m sedvscd her the Ryprofaies

th it 1s thick that i le t t t ed
act BB BB el P L bR TBR gy oprson,
a l4rké Bapifl PREtMENt iMRARLRdNR B aEbladibn sPst@ARRTa combliy4Rn@f both.
woven material, a type of non-woven material, an

Fugbgragiapges tg camppecndt hateammeise tha inppegtipnipysten peexagple the

o S GRET 50l AP BE BPGP L RSl o
bethR¥R tHRNBUMRE al®F& B8t dpIES in 5 LS REnnEl nceOR1thtd Fgrther
Additionally, web W may be a web of pieces nolded to
calfbgptiangsweb, or nol ded onto a web. Wb W noves from
left to right, possibly as part of a manufacturing or
converting process. Sensor W2 is shown positioned

FIGPt ¥Ry sfa eiemedy éfMsieeaibodimdy 51 € talibBatiiat sybtemCsiilveb Rdr@ibing
be positioned down-web from web inspection system VB.
system g¥e  Wiehdandhs sysisendérmappbeay wiekhandlipe syséam vedfet
. . r-
R SRR R T

mab@RIBstahtiglihys wided Hen beis tis eldthanissingnab]s tenmombicd gndpe&@ion. For
a web area (provided both the sensor W2 and web
exqpRlpetel Wil mysbesn emical Blnpadwdegrmepbiapg material, a paper, a type of
wove? @%le??al §‘%g_@e°6f n\é%'-wé%n%gﬁ SRR e o lnficfd-F k& film, a
readout sensor configure ¥'o recel ve 'nspection
musti-gayatesl ffmaabmpgsiferfilm, a psinteglaad lpananYwob, avell, Wshearpdods
enerate si?nals i ndi cative of .this response.,

th
(ﬁl@efgﬁ%(‘? stogd)- nBFL YET aKy haypaneer meis<oprtingst gichax figpreatings.

. _ bl
AT R ]y DR RER iy Uk BB aro
webnfra-red, or

Web W1 moves from left to right, possibly as part of a manufacturing or converting
process. Sensor W2 is shown positioned up-web from web inspection system W3 but it
could also be positioned down-web from web inspection system W3. In one embodiment,
sensor W2 could even be positioned so as to receive signals from the same web area as
web inspection system W3. In such embodiment, one or more beamsplitters could be used
on signals emanating from a web area (provided both the sensor W2 and web inspection

system W3 are based on optical signals).
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enpl oyi ng terahertz i magi ng techni ques), or a sensor
configured to receive sone type of el ectromagnetic
WO a@p/asd72n, or a sensor configured to recei ve BCDUSI00L041596
waves. Sensor W2 is calibrated to accurately nmeasure a
property of web W in calibrated units. It is not
necessary that sensor W2 be a single point sensor, but
Sciigde VR lih BAAEhBEY ik AN &f £4ind10 rdadBut¥eRsolr BRSSPI rSYS EMypection
descri bed bel ow uses a single data stream Were
siggeln smenapng feom etsinglaslang Wt gloivett Wde aibthen gersiratg isignalatdicative
t ream may.be vi ded by averagi ng signals from .
of i BS R B e N ABRE P e PEraF oo TS gy optical
send8r (e cdto PloX 8k £npl6 ARSABIctighE uHBRSdBYingtaeRB irSicadindased, or
forth) to obtain a single data stream There is no
emptaying tetahetz inpagingdiechniguss), oo sersas porgicatadite ieasiviersgme type of
conmprise sepnsor. W2. howeve the nore el engnts there .
clofprgnelig Rdiiohpor ¢ sedstsPBligpd T et Ve Fodialt baugneefir W2 is
calfsr Sl @ 4deadatdy thedddre 8 PLdpRFRIEN b AV Rec3idiRed @SRONSIE not
relative to one another. Wb inspection systemW is,
negessagy thabsanoeli Werbe a sangle peintseapore burdhacalifpition tensfce psthe web

. receives inspeection signals. associated with the s :
insgfi SR h AR RETRA BEloRre® s SR AL AR Wbl sl g not
singlel pne seiddera Jiklad dhta e mah bleiph®-iS&idYy SRR dignals from

rel atively inexpensive and ubi quitous, but the sane or
sevgyatiafligecnd apnshregleroents dehenapress samgr SV tcamsragyixels, capacitive
sen%ﬁ%cerlé eenqs QS& g(% PorﬁS lt%:gbtgl%caoﬁﬁr qg 8&& sﬁ%eﬂﬁr {;h&@ %5 noogtrict limit to

I'nspection "systens. For exanﬁ e, rather an line-scan
theGRMBA6{ sonSin g icBRAE! thettosipsis€ BRrn¥Er WaY héh S ahelokSEements

| aser scanners, tinedelay integration caneras, area .
these g 1 sasPay 2, Bicegre diffigylt ¥ anpyohesomeg to asspes thande alcplabrated to

of t b i ection system WB nmay receive
thesslargnr? gg%%w:‘%r%hfag&gmmd%cﬁe o ﬁ%g. b W that is I ess than the

entire wwdth. Sensor W2 is periodically calibrated

agai nst a known standard. The tim ng of sensor W2
Webansneetion sstans Wiklseinpagcmbadinpat, s lgiseisan e9meg. Whigh at least

- g | | hr.atian: t.ol

recB 5 ibpsPpfblepbis AtocRlodift B S O H AN QAR BIATERut scnsor
WZEaes welanpllene dhcraldn laad Waie ns iliby-sgaugemcus Bdeclagvd g ikRpensive

W2 can be configured.to neasure the |light transm ssion
ancypbiguijpays. hitths e Gaimilainalibrafian BcRNguss e mystempps depcribed

e i1 p I

hereli e oo PR AR Typel bF pEBETEn 3o L PEOARAIDl, BN than
lint-b@ndah@rsOWeh thspeaion tshecra M3 atay aldoecongspo iser wwhnieus ime-

a sensor. could be checked periodically using a known, .
delay integration cameras, area scan cameras, other array sensors, of some combination of

these systems. Web inspection system W3 may receive signals from a width of web W1

that 1s less than the entire width.

Sensor W2 is periodically calibrated against a known standard. The timing of sensor W2
calibration is dependant on the propensity of the sensor to drift out of calibration and the

tolerances required for a particular web processing environment. For example, an optical
density gauge used as sensor W2 can be configured to measure the light transmission of a

web within a particular wavelength band, but as the light source ages, its spectral output
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standard or set of standards to correct for such a

drift. The calibration of a sensor W2, as conpared
WQawRGk144120 cal i brati on of a web inspection systBCA/Es2ON9/ 041596

as a line scan canera, is a rather trivial matter and

may be acconplished in one enbodi nent by sw nging the

single output sensor off-line to receive signals from
andoKPWVEE | SR el cIingS 88 asptfo Fcangla ranSJfraeQJ Jrekhd\@itd ¥&thdg from the

the sensor W2 nmy be calibrated using known techni ques
serispr. ancﬁraiipome elonich elscisabord be yhdckedpethdieadly using a known

sl 6 5 O Ao B o ABE P O  venaor

| aboratory or even a national |aboratory such as the
National Institute of Standards and Technol ogy for
The atlitisatzan afie. semint Vg, asapmiprigtlivarh B calénatom oz, wehempectlon
RS L G FY P bR ahnca
oné€ éﬁB@dlhfent‘st&iﬁglﬂg%d ﬁﬁ’él@ olr uﬁ&iﬂﬁétgjff ﬁne‘!‘@@eb@?@élgﬁbﬂs from a
systemWs with plurality (2, 3, or even nore)

kn@\ivlm gfeedasd ppeat of étﬂ@@rés f?sl@@hatt\ﬁvbt therscasny V7 v hembbra@td using

o SR TN 4 TouRR AP e b B . s
andtﬁ&ﬁilt\éﬁﬁltlflé QBhsk eracﬁﬂd B sens i@l em@mifRdtlired 8N$ Oéndohlaberatory or
any of the ‘ot her singl e out put sensor(s) is off-line

evased prgional Inbrratosdsuchnd the Netionel atitutege g endas, anfl g epipology for
cal?o@t?o%b rf%ﬁﬂ& éa 1blgaﬁoé ¢ %'ernggrv@a 265 @%n%ﬁgctltop%yss[%m R rn? ero% nue
1nsg\&t1®ﬁd)fm¢m§@1@giit$ pfrevwﬁy %HﬂlMBteH&bétd MnGBkic em@dﬂ rﬁE}nbe
onfigured to respond to inspection S|gﬂals (in
desirgble te &@@ﬁgur@ Mieh hamlmeswtamg‘é%w@ pplarality Fudeerscven more) of
Y
sinfle! oﬁ&ﬂl&‘sénﬁ Suclﬂ%{\%\réggngl %@?n {u%?ya% géafsfer 5 P{ﬁﬁa ﬁ&ti Feceiving
mgﬁﬁ@ﬁ@hﬁdetbyassmlgﬁﬂ fan\d2V 4 uth fHat @ 0gibratedsipahlat edeivad fom at least
An exanE%F of a strongly correl ated ropert¥ I.S where
ong gRglg Uit pRRsRTVRike 11 Afithretheiotinglpeuipebsepper(s s off-line being
[ ducer, and the web inspection system
Cda%&ﬁgégﬁpﬁ%e scan canera sensitive to light in the
human-vi si bl e spectrum Anot her exanple of a web
pro rty strongly correlated with light in the
hﬁ\ﬁz Vit engerabadidenty (prropBgurgd to @aature the Spme PEPSEY as web
inspgc%foﬂ% st&%r\%' Ck%é}zayn 1% 'b%ﬁlus%ﬁgoq V@? gﬁ&wegﬂﬁggétioﬁtsbytgm W3 may
magli ng system f € an application-specific’or
in genEntaddipentpesentgud er revpdnd toippedtioantinalsqanthisadase light) in the
processing unit that recejves input. fromsensor W

range visible to humans. Alternatively, however, web inspection W3 may be configured
to measure a property different than that measured by sensor W2, but strongly correlated
to it. An example of a strongly correlated property is where sensor W2 measures

thickness of the web via an ultrasonic transducer, and the web inspection system W3 is a
line scan camera sensitive to light in the human-visible spectrum. Another example of a

web property strongly correlated with light in the human-visible spectrum is, at least in

some cases, thermal conductivity, discussed above.

Quantitative imaging system W35 may be an application-specific or general purpose
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and web inspection system W8 and anal yzes the input to

apply, or in sone enbodinents determne, a calibration
worpen4s7ar web i nspecti on system WB. A cal i br aR¢DES2009/041596

nodel is one or nore nunerical values or algorithns

that define a mathematical relationship used to

convert output signals fromweb inspection system W
cothp@e} WaKnEA dty hid @ c&ftfdl pfo%t:@@hgumnt tﬁat 608V & iAF 8 ffoPsensor W2

general calibration nodels that will be described
anherkinspection spstemtWe ahd bnaéyze@ thenppled] to applly cor insompgmbodiments

ensor nspec sten1callb aty an [ ". .
e R e et R e R o0 Db SRR N B foraignggpdel is one
or MBreamndrital Phdsi 21l fr1thrﬁ§fhﬁ§&éfﬁ1@ asmah@ﬁm/c\al AsaRakEp askd to
W th the sane | ane as sensor WB. The second
corvglt Ayt iskgnalsdiwel welvispertios sysiem W dkomn m\bdeé@mub ealtbirged units.

el! defines .the. math el ati.0 b
TR o E T AR TR ER LG SRR o TLY TS
calftir@idir@bdal] eMich Q&ﬂ@t‘édn@éﬂ t¥ @ns@@@tﬁin@st%ﬁfﬁdaﬁmaﬁon model” defines the
det ermi nes the cross-web calibration nodel b

y
maﬁm@é@%lu rﬁlgth@aha) abwecraspaeati W @ad hictnortiemed ipgpectgn Bistem W3
ass Mt ﬁwfh a anblr laan QV e% o or 4 VI Elthe Sen WthhlS
o spec iy %ysFen1ca Bral’ on Pf ardat e ets

thea%ﬁdkﬁ-lv&lbﬁﬁhmﬁo@ ﬁloﬂﬁlf’eleﬁﬁésetﬁe ﬁiaﬂ%hlahbﬂﬁelhﬁ@ﬁh%etﬁéen lanes
wel | as data describing the cross-web signal profile

thap pompyasci insnsetéen sivtesy $tiensroguwab fieltofvdcwnmagi ng system
Wb is showmn in FIG 1 as a single system but in
al ternative enbodinents it may be conprised of a
plurality of conputers, networked together or standing
al one, that execute various software algorithnms in
Qugnigfat e InsRingrysicrl 7 Betarmines the cTass-gigb saliuation medel by processing
e I
da@x%%tg 85]5005: te@x}llﬁh ?un 4? ona}?wrorg 9 8581 %te@ to C@o?nt géﬁlm? W2 via the
serﬁdﬁmtlhipat:ﬂl(\&ﬁsystmgctdﬁ]@reﬁﬁ)ﬁtnﬁiﬂell)ﬁmd [Abfa se® %&c(&@bﬁﬂeﬂﬁ‘ @nore lanes
with respect to a discreet set of functional npdules,
othpthap laniei W et vealk st dasriibing ercsesanivet vignal prafile of the’
[ nis for illustrative purposes only, and
ngﬁﬁﬁﬁsgé$gtenlhaV|ng the sane or simlar functionality
may be architected in nyriad ways. Each of the
functional nodules illustrated in F

Quapfitativh Exeinasysismaly ipshaveindilfe apa amg&sysféﬂy byfingaffgrmative
emPBAH AR i ngﬁxﬁpggbrﬁp#&mg%%ﬂﬁg cgﬁ@ﬁ%rs%et%frﬁe‘ﬁq{)g%@& or

sonme co ereo any user of
stahdiap elheahstyseant Wiriousseftwite aigoriths & duppeun obphercatibration

responsi bl e for quality control on web W
techniques described herein.

FIG. 2 is a diagram showing, in one example embodiment, the functional modules that
comprise quantitative imaging system W5. FIG. 2 is described with respect to a discreet
set of functional modules, but a skilled artisan will understand that this description is for
illustrative purposes only, and that a system having the same or similar functionality may
be architected in myriad ways. Each of the functional modules illustrated in FIG. 2 may
communicate with any of the other modules; any of the modules may be implemented in

hardware or software or some combination thereof. User P1 is any user of web inspection



10

15

20

25

30

User Pl interacts with quantitative inmaging system W

primarily through a keyboard, a nouse, and a display
woR00sess26ort (none of which are shown in Fl G PQI/USI08E041596

interface nodul e P5 nmay generate a graphical user

interface or a command- Iine type interface on a

di spl ay such that user may both provide information

systt&n QUANUbdratl gy bé@ﬁurﬁﬁh Fht8FrYonsHdfor @a8lity Rontrol on web W1.
information fromquantitative inmaging systemWs. In

Usenizl mtdsads withtquanfgetivel imaginizaystemod § Ipemra@hgém@rgdntael@yboard a
|| f unct
malbb Tt Byt e e Fibg s eleh SR b AL AL sl Vo dpertucs

modORer5 e gddcddea @?dﬁﬁlcaWsﬁﬂ & fackYor Mcemasalilline type interface on a
Cor por ation, Rednond, Washington. O her operating

dlsskasﬁémthﬁhb}sebm siaibotly prpvids dnformusian tp quentftaiive imedingesystem

n turn provides and receives data an
W Pl N Bl o Wl B R R ThE) B TRAR Fypgiment
usdriteIh RGRSIIOPS gSh@NBs wmdsbv@on%)dlmamgt @mm%wh ﬂﬁl@tlonahty
process control or web nonitoring systens / O nodul e

prqvgdqdr’@eﬂrﬂf%@@émwsrﬂﬁe@ Sneoas ang rmﬂﬁetwébnd% élvet&deawn@y Yiadows”
by ?glaro W(Q_)% 06aét§ n, dr§1§1§# \Q&Ss\;{%?gtt(?n S@ eanseratgt}oggs]y‘g’t%rr}lss %1ay e
sin€iraBgdisee nUserdﬁ@ﬂ‘aw HgdRaPS hetup@plovidek and terwﬂvem& ad on

of quantitative imagi ng system W5, 1/0O nodul e P9 al so

cogmadisemethandimetiand reeshuldso  Thrermiyrbe adshitions] téerses (wt shown
in E}Rﬁg/e;%e S’mhtgfi Q\%% r&é%sfé’o%ﬁr%%é’@eb El%ﬁlt&x%”&s%ms

osure
enbodi mrent of a cross web transport device upon mhich
sensor W2 is affixed, such that sensor W2 may

1/Opmgdwle REpntertaqos mo casapdV2 ppd wab ﬁlsawt@mﬁwpme% I/@bmp@ule P9

recBydY 89[3 ts&é’a%ﬁsf f%m%%%& \7\? rfba\&@bd rxrlgée%%?% \§/}L/lsg$e}n iy R Rxample

emlbﬁdlﬁfeﬁﬁfdbpd’hdi@ @ethe patticylae tmple@kntatidher queatsdre WRagig system
web inspection systemw3. Input received by |I/0O nodul e

Wrd/Qrapdple BSradsa rravidesncpmand %nsidqﬂnérg aforawtipy toyensqrop @gnd/or
web ”ndsg@&?o‘%?sg,ﬁteﬁﬁvfs 'FoP Hfa%gﬂ@ lewaBa 1}{%1&& disPREGR %S&esgﬁbédsan
a ta s reln‘plemsne |naco uter nmenory suc as

embadideit ateasdss-webrahysport dawloanﬁordwﬁichdems«)e WDIs asfsd, such that
conmbi nation thereof, It X be sinply clggﬁter nMenory
sengof Wrmpy mave giosgwaht Ko sedwe £h, igguethan cepdi@erd cad prowde

I on, Qf

t VAT e PG Iy}
ol 5858 POLIRE S S0 SEFERH A B BB0D i i
other information to generally control either sensor W2 or Web 1nspect10n system w3.
Input received by I/0 module P9 may be provided to other modules directly or stored in

database P8 for subsequent analysis.

Database PS8 is a data store implemented in a computer memory such as random access
memory or a hard disk drive, or some combination thereof. It may be simply computer
memory, a flat file, or a database such as that marketed by Microsoft Corporation of
Redmond, Washington under the trade name “SQL Server.” Database P8 handles data
storage needs of any of the functional modules that comprise quantitative imaging system

WS5. Data streams emanating from sensor W2 and web inspection system W3 may be
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storage needs of any of the functional nodul es that
conprise quantitative imging system W. Data streans
wepmpasa7ag from sensor W2 and web i nspecti on SBGI/ES200B041596
may bestored in database P8, as well as data that
conprise calibration nodels. Wb inspection system
control nodule P7 provided command and control signals
sto¥ddain ldaf@p AR, 8s R8I bOdNE khakt BSREEId ANbHYiSh @HdVB. The
particular functionality supported by web inspection
system control nodule P7 is dependant |argely on the

omrand and control interface provided he . .
WaSRTR el BN D b st Bt 2 BT ¥ EaTtnd fyro! signais via 0
modiR! ENBRY & ih§itctifiDsysR¥aWE. ETheSRbRculdrFenGoallits 3R d by web
~ that could conprise web inspection system W3 have
inspggdionsasttmrropirelgneduis Ry 15 dependaat bsgady eh thewosupindrand gontrol
: rticul.ar.set of functipnality: such netional it :
g B Bt BF By SRER MR QYR lfgfermentaion.
Fof£&inipK, soME Uine sEih. cahferab@Ratichglaeehipeife $)%6 iRFtMDnRGSHem W3 have
out put that needs to be converted (for exanple, a raw
applishtieyprogiinyRingdeigefagas sheh ©onpegtt @daltiguler sahof Snctienpdity; such
ans..for nver si i s.4.mpl emented Wit hin b
o353 RoRERPLE LR ERE 2 Fib TR IREBlor Sl g moge P7. 16
webhpkidiGykemt W3tHas o6@usMat £ fotle dRdetad (RG e\ml@gle\,/\@ Baw
i nspection systemcontrol nmodule P7 is to the web.
voltsgs el Beeds Yosbeeamygrichintaenits) g msaissfor conversion is implemented
- -t Q- . [.an em catibration nodul e P4
Wltﬁﬁl{;ﬁ%lensssec%]tggefsﬁ%ﬂr}]%glé%ésig}ﬁoiﬂe %r ovided via |/ O nodul e
P9 and possibly stored in database P8) and web
i nspection system WB and establishes the sensor to

Scpses pertal ipdalpsR einte Hici sersr icomratwerdul R whetixeb insrastien system
' i t ' ith t ane
ol RIAEPFL BN ABIRES0sh e D
calibrated units of sensor W2's output. Exanples of

this conversion are praovided bel ow. Cross web
Sersaridimapesen s aten Beailadd, anplyzeredads Bamyensor V2
GERLL 55 IO Al 0 PR Rk PLRIRE, Pl gchipnegin

systdie W3 et cstabihigisesahe vemborvb ingpsgitsgstebycalibhativh sfelel dueh that
system WB, such that data. fromall |anes the conprise
outpHsieRtinpRclagsaRMY 3sssocited with theeswmerasossarshylpag agsepgpr W2

o TR R o M Do R By rion
areprbVidéd &zlo®. may have further

Cross web calibration module P3 determines, if necessary, and applies the calibration
model provided by sensor-to-inspection system calibration module P4 to the other lanes of
web W1 inspected by web inspection system W3, such that data from all lanes the
comprise inspection system W3’s field-of-view are calibrated to lane W3. Examples of

such a calibration are provided below.

The functional modules described in association with FIG. 2 may have further

functionality that is consistent with their general nature, but was not mentioned in this
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functionality that is consistent with their genera
nature, but was not nentioned in thisdisclosure.
wo-wenssseml ity described el sewhere that i s notPCT/US2009/041596
explicitly associated with a functional nodule |isted
in FIG 2 exists within quantitative imging system W
generally. For exanple, the functionality that
disBloQivre d@SndtidRakkdyl dBEFRIRE cREwREG MRt $s RITRRANdIN adsb&Bed with a
sensor W2 and web inspection system W exists
fu@én@arl mqqalwm in Uahekiststwithan qmntﬁgesmgg@msmem PV §5generally.

0 ust ratin vel proc
Fop il PO R R ibmiEP Bty e AN of § Gl pRERRRE from
setfsMﬁ“@rﬁn%dﬂ"iﬁﬁpdcﬁoﬁS !;c}@w,ﬂl W &ligs gM¥erdNyf witisih q%!nﬁﬁ@tlwe imaging
res onse is received fromsensor W2, which, in th
Sysésma e, Is located up-web fromweb inspection system
W3 and associated with a particular "lane" of the web
line (FI'). In the context of Fig. F, this |ane shal
FIGE3 1sef fRyw @drttiDushtih@ A 8igh- 1ew1lprd>dé§matt hONbSHdeSMBra@Yhe web
i nspect (i.e. receive S|%nals from the entire width
lnSD¢Ct10ﬁéYWé1B W thag éﬂ"ﬁélob’@rltl &h Whérféf@’f 91gn% gespeiscliggpseived from
cts.lane, X ec
sor R DSt R ROE LR wr O BRESY oF By w3 and
ass@élaféld(\;ntlﬁa pzﬁflﬁiﬁdr ‘ﬂﬁl&”%@ aNetslign@1).r BSpe 6§1ﬁextﬂf® id IR, §is lane
si gnal response |s4€ynchron|zed with the second signa

shalldgysfrseed (a9 lagei&h WhRinspersiogisgriensV e i insiscis(i.agieecive signals
R PRI, o B RS SRFBu AL BuEl MRbinagsy one X

(FBr @@aﬁ;f frome bveWmsphéUdﬂ'@s’(éhﬁ%%@cbﬂéd/\ﬁﬂﬁ I’ b forthp Plurposes
sensor W2 and web inspection system W is known, as
of REI‘I 13 tggneche sprond senakiepopsh, TR fshyiemil seppprse Lixchnized

wSRORRUM B RO SR IR S Kb SRaf Bl Rygemeer
W1 andihb 1dnRsY @oitioarnf sybtieypebbon shbiet Wilrke ﬁapk@yntaﬁ% &the same

used to define a shift which may then be gz plied to
arcphef Wely Bele tlf the dstancedichuiem S&ﬁéﬁw@}ttpwgsen%w m%@fsb inspection

systeti {4 is \A%ﬁ% &Rl Qf@@%%ée%f Hewa mss%‘%n%xﬁ%lo

time-sy rohi zi ng erna
accdnpdidedsbyndterbreniug eltt tirace itrtalgg €or aSp'Um)ﬂ al«m@ @éb ol ﬂ@tg@ from single
fromsensor W2 and i nspection array he encoders

ouppf srgeer Wata vak dupsstionsustain Wi xd alsstga% éeli%fr@v Pgugedgp define a
Shl%‘t@u?ﬁv\n ag @ﬁéﬂe({e a Eﬂ@d {0 tﬁ@ gesf)%(ﬁ%y 'thta%{ Eﬁh %maﬁytﬁ% Wtelther Sensor

ata se are spat syncnroni zi ng.
W2 bewslhinkpectiah westaawidtthinetirdes eidtirorétin  yherdaasstirchimg. ( or
cal culating) the tinme del ay
Alternatively, encoders may be used to trigger sampling of points from sensor W2 and
inspection array W3. The encoders trigger data acquisition at fixed space intervals of the
web rather than fixed time intervals, such that the two data sets are spatially

synchronizing.

When the shift value cannot be determined by measuring (or calculating) the time delay
between sensor and web inspection system, data analysis techniques such as cross-
correlation may be used to determine the shift value necessary to time synchronize data

streams emanating from sensor W2 and web inspection system W3. These techniques are
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bet ween sensor and web inspection system data

anal ysi s techni ques such as crosscorrel ati on may be
waized14e02det ermi ne the shift val ue necessary tRCT/US2909/041596

synchroni ze data streans emanati ng from sensor W2 and

web i nspection system WB. These techni ques arepossible

if data streans fromsensor W2 and the | ane-X portion
posiblERiatNREMS F@MH SYSrenn WRd fHelakd- K JodtiorSetahett Mection system

| i near cross-correlation nethods are adequate to
Wiarestmilarsuph that linpaneress coredlstecarmethedsoae adespnte, to daterome

mip e G P il RO TS0 BE gl P S g ements

adjub@it €PfaAe-Xt 6D bRIRiSE BEeim W 4@ cBipefed At thedataRBecam from
best cross-web alignnment for | ane-X. The cross-web

serzsplaWZan ordse 4 findh ths eﬁmosswﬁza@ltgnmnéﬁogtl@mm T ctess-rgb spatial

st cor elatlon tl fro t he phys
locgfat af Rieh HBasRR T B2l Bl F B %y IR Rty from the
phadag Bios@hlcl 1QE0n BELNSE T WD Gk RIweb st%&ﬁﬂ }ﬂﬁentllany @‘&éiﬁkzeb
cases, where the cross-web spatial resolution of web

Stfﬁ?tﬁl@p% et $ft§mk§3gs tlé mfws cisss,ofhege thuemsswl S@aiﬂaH agsoltion of web

the s ut s
g8y SR g SRETRRE B e A Fuat P i gt
outpay fRfn @@:@@1 ﬁ&ﬂcé‘x@ cR$nch® dTetdbahspeefibresisteh® 3mbebé 8dmbined so
in lane-X before the cross-correlation is carried out.

as forbetter kelleet therpgtirinkinclanc-Xibefaiy threcrasvenrickigien iscared out.
apply a variable transformation prior to
cross-correlation in order to obtain a linear

In E@tant ErabSdimpnioElt WRE e b eartialcaus@tapplyespeibRl thansfomation prior to
cases where a mathematical nodel exists for the

croseQiaelaiéory igrpedar dp ebiam 4 hecar eqhatinnship btwicpdie data sets, especially in
casiiRA %e'lﬁﬂ%r%eﬁﬁué@?%n%'agﬁegué-éﬂ%?@#%eggot%éf c%{or{hOc{FthJ‘s%%Eors In

relations Ip exls ween

othePbydifens igehehain wikndwarjosyiblyaionligsar trdsiaﬂioxﬁhﬁp dxmwsbtween
in the art, such as nutual information. The procedure
thej dgtaniest SBOLLY F@MW&W@&EW@’O‘@@IIB@WGWmPhthﬁ'h%“v kppwn in the art,

suc%I IJllﬂ{léltIX 8%%‘1"{&1 Ircé p?g er%g aﬁeﬁE% gc‘? E d scHEecﬁpél(%\& in that

ues a se S are 00SI ng

thet mrﬁﬁaﬁblrﬁdtnt Badonipaddnfboz e/ ctah eingishift %luésyaﬁﬂ?ﬂhé idata sdiB@re aligned
equat i ons bel ow show one apgroach to determ ning the

by sheasingthe timerphitthbaamrea)zsy the Hmglgsrme®sicsynchr oni ze
the data streans. The foll ow ng equations are for
non-normal i zed cross correlation followed by |inear

The equae®as belowrshd® on2approach to(determinid @the Ghift vayuhdhathiematically, in

order to synchronize the data streams. The following equations are for non-normalized

cross correlation followed by linear regression.

r(x,.n)= Zf X V)8 V)

fis the vector of cahbrated single output sensor data in engineering units at a particular
cross-web location, x;, and g is the corresponding vector computed from appropriately
weighted array sensor data at that location. Data sets from the sensor W2 and the web
inspection system W3 associated with lane W4 may be sampled discretely in time or in
space using an encoder trigger acquisition at fixed sampling distances. The results of the

sampling are stored in computer memory, such as that of quantitative imaging system W5,
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is the vector of calibrated single output sensor data
in engineering units at a particular cross-web
WO owatssgey X1, and g is the correspondi ng vectRET/US2009/041596
conmputed from appropriately weighted array sensor data
at that location. Data sets fromthe sensor W2 and the
web i nspection system WB associated with | ane W may
forRefSRNMRIveOwED S&ki6h 8F Web th bideBtoQonipdtcStRaSe@ntatifg Rk possible to
encoder trigger acquisition at fixed sanpling
medn-seRipcids .data?o@fqre perferming crobeceragipiang gndany aftaorueber pf well-

conput er.. menor uch a hat of quanptitative inagi .
kn g Ry mime s Ao b cinelvslod o Ry eSS s Wehnique
hawy € karh©@n&APRWI 8atpRs BHRBR a9 Meahtthd SenBOSmid BhEwt®inspection

mean-center the data before perform ng
systero szmplod pethasiroarate md itoepldoncan theirthe pnodf the B¢tk menreduced or

nor,mal i.zat i on. met hod al so b | oyed... Th WO .
SRR T A A e e TR R S
rat&AP k@S0l Wi 460 webYin§Reflort S8tcHENSO4re altdtitd1Cand8he sensor and the

I nspection system sanpl ed at the sane rate, or it
wep afpgctinseystehdioth rsolyp shepfametfeatykes én thadroneaid dnteyest. The peak
Ofﬁx%?gd_%drrul%{.&g st.at i stical extrapolation techniques).

i ‘one “@rbed? mehtY" t he sanpling rates for sensor W
andﬁwqg)gnﬁ@ﬁﬁklp@ngﬁ§ten1WB are identical, and the

sensor and the web i nspection system both resolve the
idendfies the ahifirteswedn thhevpdapetts ywolg toniicetrasit.tinfhe theakb dttween

the cross-correlation output n *(x )=argnmaxn {r(x .n)} .
thej lgeations Pé@e PHglesttpyt SB@PG\E‘%‘{WthF ﬁgg‘i’ ﬁ%lsaraQ%a Vécét"{§r5(6)/vi ﬂgg i
' [ tions
mag?h%rﬂge eép:pﬁgﬁ? {d thE AE sBEahd® a‘é’ﬁ%g@?hw\eé@sgﬂcﬁrﬁﬁzétﬁﬁ@

gl e output sensor rray sensor (or
vice versa). This shift may then be applied to the
data streans to achieve tine-synchronjzation A .
A GBI oI R GRS ST ARG TR fISe & AP fued tdgjermine

theaéhﬁ'f’yegge R eﬁ%)ﬁgd tnd QLG SHL RS Eo%h%bé g}nc‘ﬁ?cln‘i‘zedtiBR P& example,

applied to t ata streans to achieve
an sstinedie ofithz ainicoim takBofor @xpanloe thawele gt mowt fomfsehdoe W2 toeweb
. it takes f a paint on the web to nove from sensor W
m%ctx%ﬁw’tﬁ@ﬁ_&é maa_ﬂ?eggﬁgﬂ? BNy wiedays whingV gk bysesrosy
cotfb1 B Wet e IR Efurde d%%ligﬁﬁ%%nﬁ &lcafchPBf IR BKk-cbRBlation
nore accurate data alignment fromthe peak of the
resalto3be stoenedi aff tho nomrdstidit coefiieers tcne algd be ofedtdsan indication of

correlation coeffjcient, can also be used as a ) )
SIS TEOL 25 G P B AT Wrh B EnCe,8etp Reh 18 SETNGF bR Wrbrinspection

sy SRS RO AR rOREVSR G it NITR ARt RAdcd Ofrdfdnl NSpect i on

system the nore web steering affects m ght reduce

correl ation.
Continuing with FIG. 3, with the data streams aligned, the first and second signal
responses are next analyzed by quantitative imaging system W35 to produce a calibration
model that define(s) the relationship between the respective signal response of sensor W2
(which will be called the first data stream for the purposes of this figure) and the area of

web inspection system W3 associated with the same lane W4 as sensor W2 (which will be

called the second data stream for the purposes of this figure).

The exemplary technique described herein uses linear regression to determine the
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Continuing with FIG 3, wth the data streans aligned,
the first and second signal responses are next
W@e@bAtEsseh by quantitative i magi ng system W t oP@F/USR00%041596
a calibration nodel that defne(s) the relationship
bet ween the respective signal response of sensor W
(which will be called the first data streamfor the
rel RRRIP e dthud BirfeldtiolUt&dr, BB o ehcaHi8Bardf sc¥BHA data streams. Linear
I nspection system WB associated with the sanme | ane W
regagssiwamgs beangopnshiockonkishffidntlyay dlel@r s¢nsoxseditingimelar zesponse

. f t.h f this fi .. Ih |
g RN 8 aus cH ah Rapen KU b h b LRt edMauE D g Htrer
sui€kRItfBF HihBEconkBhARIoAt bPSmBbtnd 3N ThipesticOsysRindEdsfbhses. For

factor, between the first and second data streans. '
exqmplearhanedpebsg ivith wider rhieges of e mmgsured wmpkrts.Upeal dinegrtrpgressions

ol bR T P PSS B o

certB€ BMbAMET tiByorRecch@int @Stasddi df ebbh BF aRbMSticall9 AR BREhiABS by the
of sensor and web inspection systemresponses. For
magpidwgsl of themmessusslaPprityni If B neflinser papgesicanode! emonnds relate
ert | ocal Linear. regressions,ceuld be done
RS e bOS PlosbRRTACER SR ELEES f B pAfipTaS afg mocet
In the@afAsTSAGRkAbwRNAEL aiofe B¢t hoardhEiic @chaiq@ey drdiwtll-known
~ distance of web) or automatically as determ ned by the
in thagri todexaiple kol smeedicpmap be applicdito therpdhservad gyrve relating
.par i | s .kn t I h ta s e
ot RS i TR o s P e Bt Bl OB R el FehBonshl
wihdiadedigsstioahy pher ldel . I n the case of an unknown
nodel , nore general nonparanetric techniques are
wel | -known in the art. For exanple, a kernel snoother
; i o . .
A Pt RSpGRE W P ol SRR SE Y Sk Fleh 1 ot P Between
adjafent Benichtseme e batirersb p wi t hout recourse to any prior
nodel. A |linear response nodel for the zth el enment of
thej&x;ay}seﬂSQ@(mL%ﬁ+ag@g}oss tal k between adj acent
el enent s y be ittenas f (c, y) zai(c)gl c
whyre) Flxa, i ; ) FQ) »Whe es e rlignedydayaygpciqr, and J+sthe)estimatipre vector for

NIRRT AN TN E R T S

squiardstdridg beRREh kit 18BsBreddaluel Bon!ihB Al i 8tell Behsb€ #dnd the values
squares error between the neasured valugs fromthe

9 : :

predédt¢dobatheomedals o, deriapdi frpmethg ditadronpihedi eleagnbyfl thipgay sensor.
nodel, / , derived fromthe data fromthe f h el enent
of the array sensor.

Thus, letting G be the matrix whose first column is the aligned and weighted array sensor
data at position x; and f'be the single column vector formed from the calibrated single
output sensor data, also at position x;, we then compute the scalar vector « to get the best
fit linear scaling and offset values in the least-squares sense:

Gjl(xi): g(xi’yj*)

G,=1 (3a,b,c)

a(x,)=(G"G)'G" f

It is this scalar vector « that comprises the calibration factor (in this example).
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Thus, letting G be the matrix whose first colum is
the aligned and wei ghted array sensor data at position
wWXimnd4deo t he single columm vector formed fronP@HES2009/041596
cali brated single output sensor data, also at position
X1, we then conpute the scalar vector a to get the
best fit linear scaling and offset values in the
Th €@t s‘teﬁﬁﬁ%ﬁﬁ&aﬁﬁ%‘ﬁﬁ ‘wab ifgpedtiail sylsian 3.6 cdlﬂardu%ntfsut&s to be
scal ar 'vector a that conprises the calibration factor
applied to hgrgaining wmser)wefbh@rtﬁqmaulf webapspeetianadystsmaMi3r{§ot. hehis is

tortiE 0 oB RS o Rt G e lle Mraf ot ol of Asfisdr RmRes that

comPSREGED PBpEeYiSh §YBMB WG vaiistcH that @chede ﬁfa?fhﬁvé’\@ Blightly
calibration. CGenerally, the response of each of the

diffeens ontpef sigeditfer thhsame empumtsvé OWe@l cRYpE élnlﬂ@tﬁ esgrsplemrvwatmg
fro T#h Var SUCh thcf accg gs 3§ %ol 1a¥ int

fi e SR b sUEglFest g e B e ‘Xm% Bl fﬁ? af 3t vy
resg&%eg ¥f the nndlhluﬁale:mﬁ@hsem tBEREBRnsPEction @FRttMean SA¥PkEobtain

elng i mged. Hence, it is necessarﬁu$o correct for

calitiptedlite rﬁrqnhthewetlmﬁbmgmt@m system.i Froetherawends.dpeenshisgnsor
elernefl% ttl)l?ta g Oesglgstﬁee ?vtf: 1nspi;] ei'c(’)tn%%%t?m Rrsonec%ggglggt?ffglﬁiqsy% Vgctors at
cadhler@dshedh peittth, xf dhiaeblcHER afdlo@us I tHe ‘flagficldak&ScatiPn that is

the web inspection system it is necessary to find the

often grplicd e cameredeseddpmsstionsysisas thherkey ihowte do thisifigiantly in
a ch%c' % e% 91%? ulgl(ajy ?o{ﬂz)%sandl %Ecrfoss Wg §) {1 I%C;g ofe ulﬂaémé ?thsgectlon

n- app caner ased I'on sy
syf@&y. is how to do this eff|C|entIy |n a case where
there nmay be thousands of cross-web positions Xlin the
i magi ng inspection system The inspection systenis

ThE 91{% #0 &ng{kdl%e o%r-un%o%[ﬂesgﬁ %L n{%h%( %Lr Bl)JeE‘?gsg %’, {nreelgéfise from

erences 1 n

dlffdirﬁﬂfbpim@th the mhe@&ouridha‘fel’f fomtfiee] 36 pixal, thaaisl,l ¢he signal value
although Iow, it is not necessarily zero) recorded
agh lowe it i pfosatshl ZsBrew@rdes whanrbe bmmatmoﬁms»‘@ is turned

off %fdpﬂli}? “éeﬁ%{’e ev@isa%g’&chaﬁ‘&f@ J}ﬁ"'tﬁJ‘aﬁﬁ&ﬁu BRI {n du?ﬁﬁ Sindl dsBciated

I gnal assocCl a a gliven uni ease

withra gingil @enéf iapagedh ifddeat optédal pavgerdBlliag phxglixell If @revere to
were to turn off the illumnation source, one could

turp @Ef&hﬁllhmﬁa@l@r%m Qnefioald regerd atackgraurdiyignal, anddpthgsamera
resgénse 1%1&1?5\% o%g Eoﬁll(ag%l% %%g{‘aer ﬁﬁ%eh)q{a dn%gfﬁlngng%t URhtOT fH1Y and

characterlze the response of the changes in values associated with the pixels. If the
camera response is nonlinear, more than just two points would be required to characterize

the response.

Several difficulties arise when characterizing cross-web response variations, since
background light levels, illumination source intensity profiles, and sensor response factors
can all change with time. For example, assume inspection system W3 images the light
transmitted by a reference sample along a line illuminated by light source (for example, a
line light, laser scanner, or similar device) with a line scan camera. Define the intensity

distribution along the imaged section created by the illumination source as I(x), the

-15-



10

15

20

25

30

characterize the response of the changes in val ues

associated with the pixels. If the canera response is
wonebiigss2ar, nore than just two points woul d bePCEYSI00E1596

to characterize the response. Several difficulties

ari se when characterizing cross-web response

vari ations, since background |ight |evels,

trahdrhiSdibm 8t the BarfPleras Q“(pt)nbvﬂﬁfﬂhé N coflddt@Bhby @B %s%@&fdﬁrsystem from
response factors can all change with tine.

theexdmﬂe@A(@)wd n@agedstpé@themﬂsmlémg\mscrmqé@on lhéhet liggar array

Wl]fogeia%a@%% E% LB%[ cr% h&ﬁ{ %g@g% < einebéagﬁggggurﬂéer Epyyme that there can
be kisethf.anlphisiefs, S840 6he foPbadh mélaﬂhaﬁ@aﬂn@ @hin1édY; the kitB@ Then if
scan canera. Define the |nten3|ty di stribution al ong

b(x) hethe wiggeldiremdhd lorear pea whebiheteminptiomiighitspeise soaff.dle signal

thetransn s |on of the sanple as T(x), wth
Outlth al{"%ﬁlte oS Aty SQU\ P WA S & 0ect i on system from t he

websaeay(Af Xk (@ Tr(ﬁ)a@f(sé) on{(©) + b)) SO ORBRARE s, as
di screte sensor |i near” array whose response per
unlﬁﬁﬁfzﬂﬁbﬁﬂlibfb@%ear and glven by R(x). Further

assyme, t a,set of ers
T RRHTE AR REPET AR R e uPTP sk pa S ) ana
rechh@ithé propeaty T(9 dffite wetgmateritr. om the |inear array when
the illumnation |ight source is off, the signa

out put along the linear array could be witten as S(x)

Thg grg Xl)ssl?éﬁ( zaa(s%aé%sfe!éaﬁlbe%% %ra ela(tb( )afg( Qb %?og%#t? L]Zg;g)a‘t%yi(;e’%’ing &(x)

e go
as fhedradfixn of Bie Bbutpdado 1O thspédlion Ry Qe ﬂehﬁniﬂﬁ@l&liﬁlﬁd afifl @&@alnit of
S(x) and recover the property T(x). of the web

prapattet aihen fhreganeehiaed Ar tasignabsve can be
genshgl ﬁﬁgg%%ﬁ%g%)ligh?foperty Z(x) by defining z(x)

frac output to the inspection
In ﬁlyiﬁj'z empef inteaést, deithdrt (kb (ANEl a Perictioniof Zpfo hisafaarbe Written as
hen t he enerallzed formfor the signal is S(x) =
a( x)g(Xz)(i(a(Z) C(% X,Z) In many cases of interest,

b f ti f Z, t hi
g R ttré%)éasngz ) (i’ ) e o O B S0 s can

rewsihe e (Hakx) Fbka(x) Z(x) + b(x)
where £ is an constant scaling factor, such that a(x) is the relative signal response profile,
consistent with our previous notation. Since the constant k£ will be found during the linear
regression step described earlier, we only need find the relative profile au(x) to invert the
signal and find Z(x). This important in practice because sometimes the cross-web profile
calibration must be carried out using different overall gain or exposure levels than used
during production so as neither to saturate nor underexpose the inspection system
response. However, since a(x) now contains an additional function other than just the
light source and pixel response variations, we can’t in general simply image the light
source intensity distribution to arrive at the desired profile, although this can be adequate
when the property of interest is transmission. In many cases of interest, variations in b(x)
with respect to x will be small relative to the signal levels at all x locations, so its

dependence on x can be neglected, and its constant value can therefore be found during the
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where k is an constant scaling factor, such that a(x)

is the relative signal response profile, consistent
WQWLRa0k/148720 pr evi ous notation. Since the const aneCKUSE009/041596

be found during the |inear regression step described

earlier, we only need find the relative profile a(x)

to invert the signal and find Z(x). This inportant in

lin®r 363k GRONREGAUSECSHATE bR AN bB CocoFRED y\w&}lngtﬁé sibfal with a
calibration nust be carried out using differen

refoigaecatampdainlare lélﬂlplo@u‘n@l drebienisprodhention seeditioms axgept with the
r.oducti on r to.s urat nor under expose
i s TR o B Pl e S Edudr SMhee alm

now cont ai ns an addi ti onal functron other t han j ust
t he Irght source and pixel response variations, we
Weegw deline yemeraabragedwigyeliprage the |ight source

i nt y 1dPStributi t arr t the desired

pr oZ f@f Jﬁﬂt’ﬁ &f é‘zh)zkgé dalldat e when t he

property ofIQnter s transm ssion. In nma cases of
whter lojségiarbifrapy; typs grlr@tl%ctrmﬁl} Qe Qupraton Slugiafipps ige
meﬁgﬁ?‘oﬂleﬂt%klﬁ%ﬁl\{ﬁ)ls‘é%na @ﬁatﬁﬂllg Rl dohEN&ltSatRhs & the )éveb gr%%le Z(x). The

| ocations, so its dependence on x can be negle
lengthdofi ¥ mayg ocﬁsi tarbe adpisted acamdingeo dfeqrepdry Hemgeadburddragd the

thel i near ress step.. O herw se,
DetiRlBF BERy DTG Torons eI APtor 4o Sheh EtcE Pesiane
statiftidal ]‘tﬁ‘&@es’é %Bﬁﬁur@&%ﬁ@lareaﬂal BRw PRI Gt | bev?d%'thét'lﬁ’é?aﬁltaneous

exce the illum nation source turned off such
dertlhtatnsef(on) the r@eaa\mofjvm ef @(x) \tad Z()x/)r ad@ﬁmqwehited Varlables during the

proflle Z(x). The length of

WmEWayeqo@mumonbﬁwad@ugﬂemeammomdwmqagosthe property
bei ng nmeasured and the particul ar process, but nethods

for choosing the appropriate length for T based on

Th8 b7 I8t dCRl(x P St x PRBSIHTERRa8ivaY 8tabR! Witk AR thialist fSwvnweb
art. Provided that instantaneous deviations fromthe

dlsma@ Juriogial g@eenotina Sire anldeszfox)k aad é au aparticalapy éafation of the web

serffit e PTBRELEp el Skl Besd s e PRy dinrdnigancinoa

deRHBEI hdveStht Broskias kelismatibe proBRaM s rtdu¥ed ﬁyﬁa@&%corzmg a
profiles of <a(x)> and <b(x)> tend to be relatively

rel@t@tﬂr@sswqmprpﬁl%q(ﬁraﬁlat 1§ Va idavsisbmgireasaradg detatiomef tame
(>%V[§?} aﬁ:c%riaq Eeé/ek%\é%iulijree for Yhe %(negg]u(il’enk%en%t 1fn %gotﬂl % Qor(xﬁg 18
found to drift slightly during a run, then a profile correction can be accomplished using
calibrated web sensor data at only a few cross web locations as described below. A new
recording for <o(x)> may be required whenever there is a substantive change to the
inspection system, or whenever, for example, a new product configuration changes the

profile associated with {(x).
Recording the relative cross-web calibration profile, a(x), may be accomplished in several

ways. As a first example method, before the web is in production, a single calibration

sample could be scanned across the field of view of each sensor in the inspection array to
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sensor can be found essentially as often as desired
using the calibration transfer nethod described above,
WQ bw9a483%6- web cal i bration problemis reduced RPGI/USADI/041596
of recording a relative cross-web profile <a(x)> that
is valid over sone reasonable duration of tine ("7) to
the accuracy levels required for the neasurenent. If
mab Rt HeQblatiee &Bss<@é%}e§pdn§seﬁ)%ﬂl9 hQ 16Hgl efstthegfaﬂogm)l' Yalue, call it Z,,
during a run, then a profile correction can

of ﬁl@&:@mjﬂ@ she dleurgngﬁgofaaﬂer%t for d \M@ba@e@§mnl>d@f@ca@n ot gnd not of
W Cr t ons cri bed bel ow. A new
Zl@%&é%ﬁﬁﬁ © 826938§§§: etpgﬁippga‘mhenever there is

a substantive change to the i nspection systen1 or
whenever, for exanple, a new product configuration

A @hm@@@mp&fempih@d iof eroaswisb icalibsatiou ishs rqliows. Rsdencdiwep is in

the rela |ve CI 0SS-Wwe ration rofll
pragl et b P e SR WP T Flee® R Bl Esecii g T of
ma@hh%os&iﬁﬁﬂfe%f&ﬁ@dé&ﬁ@d b gbﬁy Béé’&géﬁtrﬁ&ﬁlre@ a&ofMHrearea that
calibration sanple could be scanned across the field
cmmmn@/to diic Har HCYweh Sy |sen8ﬁr elhecnty sy compriscaw elaipspastigp system
Ut g porsﬁlo%t? {nvegsu%r aglsglr%f’) O?r‘?pe 8(?1{1? &Ie lreeg;ster?‘sgﬁi lgz?tﬂQhe
coﬂr@spbﬁkﬁng al%ﬁﬁnﬁéfm tﬁﬁlﬁﬁlﬁﬁﬁoﬂ &iayt 8 sWetba and, the tdh fg@ RF yhealesired
function of x and not of Z, the exact val ue o

prapstiy along thaeahibrrios st dnss kalowasd tabe @zr@mteéxmfﬂr@, as long as the
prorfﬁé Qggalﬁ)gs afdn Stﬁe W%? i§ %115 %é \Qaluésﬁ{eav%tl{lg Itﬂeoo rﬁ%fr&){ﬁ% d?or a

sublsBRgat teb a, laﬁldll QusSordl$ @tﬂlﬂiﬁoﬁfof A ahdl hbfoLIOf, Tiﬁ:t[ﬁﬁﬂlt@ bn the strip
whose proflle of the desired property has been .

majrds Pty eerl boiesisieredavidh elgmeniiof dsrareypoindesst@rickion aaglyses may
be gl%/egiﬁg %38@1 h 'ﬁﬁg\;f% glroqﬁg Q]toﬁ% ttl{%as mslgg)%é Efegfﬁg%&é retsﬁ(grﬁg grﬁcr)ph?@e array
elegiehtsp coul d be reglstered mnth t he correspondi ng
elements in the inspection array. In such a case, the
range of the desired property along the calibration
[ f.ar: -
A &ﬁra argglr%g?&ﬁéd f%‘f ‘81%5§ gvgg %g i {%% X%cﬁﬂlp a91 é?‘a?s 1{1189%3 is
bemg h)tt&ﬁlcéd @oMédt ficrtrodsew epecadn ﬁﬂwé‘tﬁﬂgﬁbsf)@{dn@g &Ltbstaﬂiagcﬂtand
run, and z is only a function of x and not of

themWée penthercabibratod ScRtor IpMARIIHRIOPFIST scaptsyhe wah §%@P1§ét
rollib SEETRR Pl S R R SRR ey

Sctdid ‘sdws’ p)rtsmﬁsraerom d&mam@ler@ﬁlnbhstsmeﬂ t@radubethalimpyct of noise
el enment s

from the different sensors. Once again, this method is straightforward as long as  is only

a function of x and not of Z.

A fourth mode for performing the cross-web calibration in cases where C is only a function
of x and not of Z is an iterative method that updates the cross-web calibration profile
during production of the web. For this fourth mode of performing the cross-web
calibration, web inspection system W3 is comprised of either several stationary web
sensors W2 of similar make fixed at different cross web locations or a movable sensor

W2, which can be located at several different cross web locations, or a combination
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A third exanple nmethod for cross-web calibration is to
acquire an image as the web is being produced, coll ect

W@ b®Ie4838E- web section of web correspondi ng t oP@TIES2009/041596
i mge, and then use another calibrated sensor to
nmeasure properties across the web sanple at positions
correspondi ng to those sanpl ed by the i nspection

thePobT! BERAET iYh £lifIBRkfge RAYEYS Rbm tHOMSpeclbn fhideP Sl“h@(h'hﬁﬁ)%r of
the sanple could be used to reduce the inpac noi se

cros wab s¢rsodiof ftementallgeivs bpwevamis éardg@ than thi ungmhen dfodnding

locﬁﬁ%nsn P ltnz?%ykg?%ﬁ?‘% S %‘Pfc"p? F%Flﬁﬁ%??qatlﬁ@agmg system (such

as £1i08 ScaneBmer) | Wh@tvicB RerlsBr RRSESHsWAH Bnl al DaRBleMtiate of the true
function of x and not of Zis an iterative nethod that

timgrayarags thsew@bmemé repgrty kpmilr:xﬁzw%flm genemlrthrﬁgs adequate,

roducti.on web. ., For
oo Re S ShbR 7PN 2! el R i h bRt P, BRRE it ot
corditsile@ @ﬂa\ﬁﬁfdcﬁlrﬁl‘grﬁ%déﬁ K@ foredxbhple, ﬁﬁté&t"v@ﬂagéd adth GOA, ¥ay, three
web sensors W2 of similar make fixed at different
wep rse@@ra/myld bﬁw@ﬂ Bt e toz ses0rberdesag iy fongZesfki-c he dme spatial
detaﬁs 1no§ | e <‘tg hef}aét glt(; {/aerlra Ot S, ﬁlrtge Slhlmln%tlo('rtjrlg%{ae\r}mpy a%rgﬁle and

thel sﬂﬂ@ﬁ réslp@ﬁ@etalﬂa gaivsests, o cbmfaged vﬁihen pifRelvetige €3S Sveb signal
web sensor |ocations, call it M however, is far |ess

praftherrS(he. Wererciere reeard |<§@<)I>ommt§¢1§a(>e> uping ghagsporded <b(x)>
plroff1 e ?1?({:&%@ x8%¥1§ L nlt%ate hf\ the tﬁteg)%ﬁlr I<%%$ﬁ0fTh§sgprog%9

Ine scan C sensor

reﬂe@t@d,tdfwﬁimﬂt @b @Indmhdn & 6vdhg enest thopbmt Knsbieo b @ position
ti me-average cross-web materi al operty_ profile

crogypeh posifign gawdagy the pequiady of Hipe ﬁﬁa@&? pEdaaabhence cabnE.
<Z(x)>, often one that is relatively uniform is the
target for wellcontrolled nanufacturing process. So,

Thé prim@xaisilcethattarides iavieik aigrdavdadga nidtiasy is slay of tRfigguieh: between
sensors could be used to fit up to a second order

crosy yep varigtipns HZ’e‘§tWe>b)P$OPeTWe<Z(F‘}?eth§bad? Camstapd pathy tyng, for example
strea%% L na{]gtlcfrg(tﬁ(kﬁgg)g%ﬁta%d?lgcfc&l@{ b@%/hﬁ Bighel B Sl be caused by,

lon intensity profile an e sehsor Tesponse

forasmdm@l pictaaif@is fallkh @ntotht dluneidatidr lighd seurt¢. MBrcaperaaige a
cross-web signal profile, <ng )>. We therefore record

repesjfigyable pappniv ick sinhediinrg lten]é’c%t@éld?f dasestiepk Ry o several

t
ro 200 RS R B, LIl g o
solvitd thistibsaie] apainrsitiosut ohlibretn dighchBensof intthe apay thiat &ﬁmm;es the

to a new pasition cross-web position to update
insgection a¥yfedin fiecxapyde.({Jtemaruy. e savldpurascly amya a relative

change in the cross-web alignment between the inspection system and the web, for
example by steering the web or translating the entire inspection system an amount Ax
relative to the web. New profiles akin to <Z(x)> and <a(x-Ax)> could then be found as
above, and spatial variations in the profiles could then be properly attributed to either
<Z(x)> or <a(x)> by comparison to the profile data prior to the displacement. The
amount of movement required would depend upon the levels of variation in <Z(x)> and
<o(x)> and the signal-to-noise ratio of the time-average measurements. Other methods

might also be readily apparent to one skilled in the art, for example employing dual
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The primary issue that arises in this tinme-average
nmet hod i s that of distinguishing between cross web
W@ 20pa4872ns i n the web property <Z(x)> that arBCT/US2009/041596
constant with tinme, for exanple streaks, and
variations in <a(x)> that are also constant wth tine,
as m ght be caused by, for exanple, pieces of dirt
insf)@dtioﬁ@yﬁ%ﬁ) subtethiat 1hdMkBRRdoANhAt LB <@ QUECad <an(x)> corrcspondlng
ncorporati ng a repositionable sensor which can
to e irsspansedotthmspastian isysteros ha‘m@r@tsfve@kprcﬁletd»stsr@eeqea fat exactly the

osition rof.iile to rat t he actua
sarfptrony BSR40 B iy el 3hdlks thi's | esue,
again without calibrating each sensor in the array
t hat coqfrlses the inspection systemin this exanple.
In gjraeembedimenty, thepee @ﬁﬁrmraeﬁmrp@fseg@al ipradde pbtained|daring pormal
Wc%han(%letll n tuhg%fro%rs t\gf(a) Rel- r spet V\BerI]‘lal s, 3 %tél all
REPECTTOR Sy St an fﬂé‘ or FERanpt ¢ By &t
nuinB& dFRBos8wdbl AllBla@ibh @emtshm@ &S édifect o5 BRGILY O&yﬁtg&ﬁlﬁﬂge’& An the
anobunt Ax relative to the web. New profiles akin to
CrogZ e ﬁalabratlmamd@x JEhe @ ol reetpesrfoe afcmmrvebsem@c@eepmﬁwd and
files.could

cmﬁ? §B él??d togratn?ttogntnlzc dlnP%eC{e}Pl% EP’S enm Q%ta)ugto a caléﬁr(a?e;aﬂtbantltatlve 1mage

of 8RITRRE! SRIddwh-BEe viiffonk ¢ tﬁa&@:b@ﬁd)@itléso Tthixemode has the advantage
di spl acenent. The amount of novenent I%lwred woul d

thag g samge d@l@ﬁnwtnrhfeﬁlretﬁé?e@aﬁroriwd@ruthmluilma Zpdpted gadodically
dulﬁ%e%f and the signal-to-noise ratio of the

t aver age neasurenents. Ot her nethods m ght al so be

readily apparent to one skilled in the art, for

exanpl e enp g dual i nspecti on systens, such t hat
Sotfapfémp V& éq:qhmg@% tltcn:gﬁc WBEs t]xaslgg@l depgmdenes O(n)é ts linear and separable.

Ca%c% rorf?tﬁgr%gt%ﬁ]eg% &g?%%laﬁs%ﬁf?%n%? e ﬁ)r eQ?rﬂgx aC?[F ya{%}fe’:ﬁlke

ave Cross-we anCes a

poaieand astcwedcheal wikdhSopticall Jaett @ aigds likdy anbe IrSportant. But this
negligibly small. In sone enbodinents, the use of a

is Sttlrllrthe Bt ian &ha8 WG HisTHRIPNE s thcthghwéanaé Ly PRARPPRIFHE CaRshited
w1ﬁrtﬁggl%§&9€ ZI b ?ﬁlda ﬁcﬁlh g&r fﬁﬁﬁ%}{ ﬁLcstt c%s c(c%ts when %16 x and

respon ar | a I ons, er O Cross-we

kap&ubﬁabs@n;aecq&&dﬂaeﬁlﬁo correct for slowy varying
changes in the cross-web calibration nodel. The a( X1)
vector ) Fe® Wr oss- web response profile, and could

tge i nspection systemdata into a
ﬂmﬂerﬁﬁg fﬁgga%%%%H% e image of the cross- and
dowa? wmﬂzerlatlons in the web properties. This node
has the adyantage that_it can be done whil

angypriogerdnsdgiReduBHitHne §Gehs BERESSaR AT € aéthre @amf‘ar Irlyarder to
rccgyérj tﬂ@pﬁ)pcw Z, we would need to know or separately calibrate the function y(Z),

and this function would have to remain stable during the run. In the case of example
method 1, we would need a set of calibrated samples spanning the appropriate range of
property values of interest, each scanned across the field of view of the web inspection
system at the plane that the web would occupy during production. In example method 2, a
set of calibrated strips could be used to span the desired property range. In example
method 3, several cross-web samples may have to be collected and measured to

characterize the response range of the web inspection system. In these instances, if the
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So far we've dealt wth the case where the signa
dependence on Z is |inear and separable. Cases of
WO pi0en€s5e0 where z=z(x,Z) also may arise, as, fRCT/US2009/041596
exanple, with properties |ike porosity and surface
roughness, when optical scattering is likely to be
inportant. But this is still the situation that we
fur@8hdl Sord$ of QRYisadoWhe: prighta sﬁia@l@ﬁhuﬂl%r'm@%‘&ﬁ]ﬂeﬁ @hrhles could be
correlated with the property Z, albeit in a nonlinear
usddadhieamdeTiepleying thegterasrs andsber #. shavheninetremsthadsodegcribed earlier
e?gen0|es in z are separable, as in z(x, 2Z2) = x(x)
WQ?F%ﬁ ffen we sinply define a new property Z° = y(2) Z
and proceed as before, substituting x(x) as necessary
for z(x) in the above. In order to recover the
A gemegnally smilojeapneeiichl careeldo handinthw noest gensarl apss, yith C=C(x,2).

As?(_:lugllll br En?e %Lrg? Ig?%éx{]cgua a?181¥ Zrﬁ%le ﬁgt %_pg:lji%hq e%ﬁ% cgg)\é\glogfrange with
{ze}% aﬁﬂd)\ﬁ‘n RS sabapl Wi wehdt tho\RESF Acd@tedats f@ﬂkdst{[ga}tfved
P

nples spanni ng the appropriate range o ropert
COIW%slpg@tibng)fo thaseaagwics a&@ﬁorﬁéd\ﬁh@ult@&m@ WﬂxepqSit@Inél xf The

nulglheér ofo 088 mqb‘éﬁ%%@ﬁ%\?eghor %5ha%?%§ggg{%eg r%iep? l an%l}%ﬁn?ct)othness of

theh&m (8 Dehd @fe &aliaby &t which bht pEcds ol fhddencdSigemt@. Our
span the desired property range. I n_exanple nmethod 3,
expesigareas shows thes Heguimlicaal erass-waly ealibsatinn novts.clés e bermeuch

lesgﬁl%ﬁ% elgur{l‘t%r %I??gn%ﬁlgle ér{%%m% Hle[h ﬁ}%ggctl%ﬁ aﬁg}rzl gﬁ f81f thb gst\{)ﬁa?orlty of

nspection s

ca§e!§1 Gf e Edt OHI@hcef eHeirof eskfrd)e df5§=KJOQ\M) capbé Obthined b et C%Qb’roﬁles
nunber of cali brated sanpl es could be used. In a

thrawgd) thg PhEcaEeendy foricgeh ofghp dgeadizations ¢femps ﬁ@sarlbed above in
me'f'ﬁeodhquS uﬂfe] C%BASb\%g? ]gl%h és%ﬁn %ﬁlbg 1t%yat fV' %’elﬂ)g gfi as Ei?]scrlbed in

concept proacn can a

megeyaer. aExa@qﬂ@;, ofWhé alfhalﬁibéb(mzmods%@d 1® dovehihraveldbeshlindar Nast

calibration sanples that span the desired‘calibration
sqQyazasgB cames fhee ajpazamec;ﬁlcmdeggg k=sEmp) &vas ayrilapleand pen-

f / r

pd R K TRASHESOARRARARS i s EFRACARRNILIEAR 7) was
unlp@sid. i ons, X, . The nunber of cross- meb positions, =\

toM that are required depends on the snoot hness of

the function z=z(x, Z) and the accuracy to which one

FIG LR ws iy alagh omssg{u%'g?%e’ qu%{itative imaging system described above.

FIG. 4 is the same as FIG. 1 except that sensor W2 is mounted on a cross-web transfer
device WB7, which moves sensor W2 to several discreet cross-web locations, thereby
exposing it to several web lanes, rather than only lane W4. For example, sensor W2 could
be automatically moved (controlled by quantitative imaging system W35, for example)
from a cross-web position associated with lane W4 to a second cross-web position
associated with lane WBS8. Enough samples along a down-web section of web are taken at
cach location so that the cross-correlation and regression method described earlier can be
used at each point. And although the calibration at any given cross-web location is limited
to the range of values spanned by the properties of the web over the sampled interval, the

calibration can be easily re-done by returning the calibrated sensor to the same position

21-



10

15

20

25

30

experi ence has shown that the nunber of cross-web
calibration points, M can be nuch |ess than the
wmenshes#s7af sensing el enents in the inspecti on BET/HF20092041596
for the vast majority of cases of interest. Hence, the
first estimate of z=z(x, Z) can be obtained by fitting
profiles through theM neasurenents for each of the N

relit®R! tb 2t drfScor ZFoﬁé(aﬁfb‘i& tBednROAYSunt Bf Rk |119§|§laﬂse§ or some
The cross-web profiles can then be iteratively updated

amggntdd gabi e gonnbyner mbgn the %nwkiepsomﬁythae claam@b@ by eal

thods used to ul d be no

predB GRS HoButinlo b 48 Hkedpr PR BB Pt by ogation. 1n
sorﬁé cevs@§ aPeadultAbbe or Rdf ﬁ&ﬂﬁ@&tﬁiﬁ@fcﬁﬂ Be @Hoglly mawth@q;rocess to

techni ques in cases where the nodel for z=z Z) was
incgeaike tharrangel of thamseroves! propertyl sanipdad dwinghke e uagsloaf t he

quantitative imaging system descri bed above. FIG 4 is

the sane as FIG 1 except that sensor W2 is nounted on
Wieh #E®SSpyeidn sy A8s Ve’ s dawu eruldBdlibriaddt Cta BV A HroéRBSHE mébbhods,

to several discreet cross-web |ocations, thereby
lm@émsgmﬁ@mg #lgog theesandaattoraiyesagnetion qeabRascd ﬂ@aﬁﬂpmﬂeyclasmfy, and
track {lllg ae\(eél(% f %ei%Fc%gE%amst ?Pr V\Fv{é%ﬁ%laegbe 5t%u(tiaor{fa %i rlc\é such

as fn0dng@afmd enitsk Hﬁf@r@at@dtﬂ@cﬁm%@éfe@@ Slolw QRnAfsOm s@étﬁldrdfteﬁhnetncs,
|l ane WA to a second cross-web position associated with

car} bghesey\ds. orehesuifgad iglkpn @sodaichii ity @b apmbiapd setbdtls pegcess
parmﬁl%te?sr f 18&5 cg&se %ﬁ& ffé&?&%n&ﬁhi}%’ %hﬁﬁe& % ormaan gqn defects may
0SSs-corre regressi o
be &a&ﬁddemlc@nlti@@e magm @bess a}cdwlnqgu@tand Aadectfstadiegitcd WRh various
calibration at any given cross-web location is |imted
prchsaqhéngeén dée siforpatipasbepdhndefesy maelsorhspupyidedingonjunction

w1%|}811 %&R)' 33/ Fgﬁesuéé’]?? stglg(ﬂ{péi&%u Fﬁlillfﬁ%n Le’ A gtfct gﬁlﬂ tg d&rts eﬁg o(r: an

to the sane p05|t|onrelat|ve to the array sensor. For
exanpl e, after some anmount of tine has el apsed or sone
A skiftndrartivn widlseensaizgapraypipriadensiehe sysermdesstipedithusly. For
R

inspédtionrsatemromphissdaf glastisy ofdineacincdnadrbQ FIQ. 5$RbwObne such
perturbations can be pur@psely added to the process to

syst%r%la% Weh dnspgeiind syptemnW 3 il ddpsdyo pingedn §pnicadip | Segsor W2
o IH%HEE’EPI%@‘% Qﬁﬁ{e 1 Wi IVVX@ Ry hif 9&9&%51381{5 VLS rQzlthln the

s out us ca ated stati stica processi
range ol datdjrst mﬁgecqmﬂdﬁﬁssm@n&lr@o rdspéunisclgnthapadn@ise Web inspection
recognition can be used to separate, classify, and
system W3. Similarly, the sensor W2 could be mounted to a cross-weB transfer device, as
discussed earlier, which moves among a plurality of lanes, possibly corresponding cross-

web range of web inspection system W3.

Example: Optical Density

We demonstrated the ability to measure the optical density of a carbon black coating on a
web. The property of interest was the optical density of the carbon black coating at a
wavelength of A=10604 nanometers. Optical density, “OD,” is a logarithmic measure of

transmission, 7, of the coated film, as
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track the severity of defects against benchmarks
established in standardi zed netrics, such as in
weaypnesed ng units. I nformati on about def ect s, PCDUS2009/041596
quantified in standardi zed netrics, can be used for
on-1ine feedback on product quality, or conmbined with
ot her process paraneters to identify cause and effect
rel leb(qr)&hilggl.o[ﬁgy]t her, information on defects may be (1)
tracked over nulti'ple runs to assess the inpacts and
wherecadeof fs associ ated with various process changes. The
infqr[raﬁéﬁ about the defects may al so be provided in )
conjsungtign with roll-maps to ensure a standardi zed, &)
angonf r mabl ebkf)r oduct quality level. A skilled artisan
w || recognize many variations on the system descri bed
t huél y. = Hght igscasity Bansthigedsihisrughmidmd et hods t hus

descri bed coul d be. adapt ed.for use with an web
i ns;?fecti_g1 ﬁtslyl}l%etn%l% 1@8&3& L 4 plurality of line
scan, £ aaBh@&roundG@mbier MEWs| MR e SHMNiEY S6868 ofthafd ElMpResent

i nspection system W8 i ncludes two |ine-scan caneras.

Sensor W2 may be manual |y placed at | anes WKI and WK2,

whi ¢ch rrespond.to @areas within the ra f th
Thf B fin BEGE ERRBRGUHN AT A P B TR st Beq thaguen he
fillagodwse web i nspection systemW. Simlarly, the

sen \ | &b be ted t crogs-meb trapsfer

) Y R e U L U R R e )

pl Ural i:tynggstrc!teeHXP ’acQagﬁc"gE(nwc%tingé)r respondi ng CrOSSV\Eb
wheagnge of web | nspection system Ws. Exanple: Optical

Density W denonst rat dtsge ability t asur e %}@e

opt Peathe HE Gty B (B° RRPBUEOSAICRb:RT PG NS AU prbstrate

The propgpdcyival, itnhegiost wideddie optical density of

the carbon bl ack coafi ng at a wavel ength of |=10604

nanb&aet.end fuat peahe pleyssdat thickheld, of thecarting gad sithistrite,

measur e_of Lr alnsm' ssion, T, of the coated film

aswher e “WPEYCY g (2) J - J and | = light intensity

tr a?m L bed 7L 01 QUENthE biMlitude relldcBBA chdFigRRt 4 thEhdlgNisivity

on 1rrim

of the substrate, respectively

Hence, optical density is a nonlinear function of coating thickness, and it varies with
wavelength. We installed and calibrated a custom near infrared (NIR) sensor to monitor
the OD at 1060 nm (this sensor corresponding to sensor W2 in FIG. W). The target NIR
OD for the coating layer was 0.8, and the substrate had Tsprae=0.92. The measured
coated substrate OD=0.84, and an independent measure of coating thickness gave €=1.18

um, which implied a(/”t =1060 nrn) =1.56um™ . Thus, a variation of +0.02 um (+20 nm)

in coating thickness corresponded to a +3% change in transmission at A=1060 nm.

A line scan camera and incandescent line light were used as the web inspection system
(corresponding to web inspection system W3 in FIG. 1). This web inspection system was
used to monitor the uniformity of coating transmission over about a 6” cross web field of
view. The images were normalized using a time-averaged image taken through an

uncoated substrate (using a shortened exposure time to bring the signal into range) to
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hkg = background anbient |ight | eakage with |ight
source off and filmpresent The carbon bl ack coating
Wobwys4dBeer' s Law of absorption, so |ight tranBei/usmdI/ 041596

through the filmfollows I [lI)=] O J I - rsubstrate
] Xpy- coatng \l)i coatng Jexp(- c substrate \I)
substrate ) . = 0 substrate e X P\ a coating V)

acCoR At foRJanlati¥ie ielight §8@kEe ﬁﬂet@ﬂﬁ pRSTHO 8l d Srfor@EQpbiie with cross-web
absorption coefficients of the coating and substrate,

posiegp eElnq N gensar walecypd edisteavepbripundok inagesampeved of the line

imd B B PGB BT R o i uf AR el

sarApled mﬁe girR¢ Fregetacy el 1hedink Qe 6P BiclcameRN Y. Sinek tha8veb speed, v,
transm ssivity of the substrate, respectively Hence,

wap o th@@mgudﬁkambstve@enéhrﬁ soneatrangl @m@l@ﬁaohtaoﬁre@mawaﬁg
thlckn i es in
ooty B0, EGs NR R ER N AR bR o
Riiniad1 tah B9 data sbR60n An{ chies, @@msma &P 41 disndequat
aplffg sens}(;r %12 in EIG y ge tar et Nllll? oD ;,%]Fwtﬂhes S
bufctbawwgaqya%?e@ndm@ the @cuﬁiﬁﬂ tq Wél@dbﬁsmpaltaéonl digtanhe d, web speed,

v, aglgias b n%Fa c éﬁ qre nlg(?vt%]:q]l g{?ree %xacp ali \I%lrﬂeil? G br?mou V\gﬂ%ﬁ F}eﬁec%ng the
shiftRédceedw(th tielfR@RMdhe frcgss—'_@ﬁfrélmlén spetitui®,nedr hardpptdxdiate

of 0.02 mm (20 nnm) in coating thickness corresponded
valug Gopdbiningtigerosp-coralaton Bisthed veth the apmoximpate yalpesee knew

frofiht%Q eg eantael 'E?néhﬂ&?s” 29 %&Pe nts tJ) kéi&t tﬁe&ﬂ%%&%[l&t g\ge%qn ﬁls € presence
I'nspection s s correspon
of h B&PECHdt PBriSIs Hﬁmﬂﬂﬁlcb in Pﬁb@D b the'Ri?é‘tﬁ web inspection
systemwas used to nonitor the uniformty of coating
transm ssion over about a 6" cross web field of view
Thgrl%%vér g?ﬁte%/ﬁﬁ % oRPLFTRL | pﬁ@ taHh 1?1%ra s& 1HT] l(h Qc\ﬁ%i 9& c%s %9 gm ofa

an uncoat ed sub

typeogap @1$1U@1ecﬁarg’@cd@1&mrdmget\ﬂ&1 z$p@ikabspoﬁ§63wﬁ‘aﬂ‘@@h at about 650 nm
toaccount for variations in |ight source intensity

angh i MabrespRSe hﬁl@WaahOé%‘bQﬂm apgl ﬁleV@rIQQQ Nije g ofagr t“foéﬁiﬁ there was
no ZH&HQ & n‘?a%@% Ll%%,%g arfle M 3&%%1?%8&/ SRR TR hSor. The
up- me I'i né” 1 ma y the canera near
detahieotspotted] abiorpﬂitm lﬁaﬁ&r@ef thelcdmefa respise amngde tees wikihawn,
was
though we knew the transmission was lower when viewed over this range than out the
outset. Neglecting background light leakage in both sensors, one can show that in this

case, the effect of the substrate transmission is negligible, and the following

approximation holds

1060)

(1 060) % ODcoating (ViS) (4)
acoating VlS)

such that for any given pixel on the camera, the OD at 1060 nm could be calculated

OD,

coating

from the visible transmission data as

oD ©)

coating (

1060, pixel) = [ log,, {7 (vis, pixel)} - 0036]{ (1060)

coating (ViS) :|

coatmg

The 0.036 offsct arises from the substrate transmission, and the last term in brackets is the

calibration factor for converting the visible transmission data recorded by the camera into
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sanpl ed at the sane frequency as the line rate of the

canera,/ Since the web speed, v, was known, the tine
walzdoaft44et ween t he sensor and canera data str eRCEUSME9/041596

approximately d/v, and the NIR data could be shifted

forward in time by d/v points to approxinately al ign

the data sets. In many cases, such "manual" alignnment
inflaeROBAHRK € Ushigtout h?yr@@ﬂafoa@ydg@%w&%p% 4nlaeli A REYeen

to which the separation distance, d, web speed, v, and
sen§alrmid| qagner ablewe¢d wy te rignwakly sivGrtke datasdts wito glrrgmmnt vath tbﬁeald of

sidf Yl W S Ot TR Plel ek s Dis e de e e oK

COQP?Q@?(?' 1H%E]ﬁ (S)alnkiewe GARRhiBE NG IBBt FfuRRS dARITERledetv@ien the aligned
h the approxi mate val ues we knew fromthe

date%pte;anﬁmpm togberetierdseins nzathashdedenibedicerlisel ect t he
proper shift even in the presence of a somewhat
peri odic disturbance in the OD of the web. There were
Exf@plet RE@F@nbdadd OA¢nt&ont d¥EFaki Agis FeMirEARBER FileR t he
spectral response was that of a typical silicon
char ge- coupled device with a peak response wavel ength
1se bel om1ab

Pom‘r;[nsenﬁar S %g ne i{?&d}&l’nﬁ{asl er% %(P]nfr%uPeo I%lfﬁ)e P%UC grolgglgles of

birafirin Bmtpolﬂ)r(b'@i{ﬁletfﬂﬁl JanEk dasel &Wfﬂlh%t@@ﬁﬁg%ﬁ&%&i &lients polymer
wi ndow as the NIR sensor. The details of spectra

mokgsuls pnd eveaiss af Tast avienl axirencsainelhain the poviswch élmféwmem@amng
thamléqg%ctw% éﬁ&&l}n Y}ﬁ%%iggc\rf\{oh hse sl@ﬂ ?(er?rstb I‘p th@@effrac?m@{ndex
mebegéeed fign bigic Kgik otmds, | thg fﬁlodv’e akig.gHolvav&othl fa@ asivliSnot

one can show that in this case, the effect of the
congtipiicd 49 eligny %ﬁgﬁlﬁ glsth@ dowawele girecgion -edowareebrabignment is the target,

ol LRI FEBEEL T 90 DRSS OB TH L QB o g S

thefrofra@ivg 1@(11151’@I’al(ﬁ1gxtﬁb fnanid@ow aR®y d@c uhdtRiaDDght wide @olﬁi’fﬂzed along
could be calculated fromthe visible transm ssion data

theggaxespegone b by aficr DoDagasing élmpugh the fileg gy is cotled
ret dét%t% }weher StBQ &GQ%agé%etaréé&%B@ OFQ Sur ngntqu ?td?ﬁ{édsﬁs

rom S ransm §si’ on, ermin
brackets i
% (5 Np4 nSAI)S’ (6)
where

ng, 18 the refractive index along the fast axis (principle axis of film, close to but
not necessarily exactly aligned with machine direction)
ng, 1is the refractive index along the slow axis

d 1s the film thickness

The point sensors (corresponding to sensor W2 in FIG. 1) were setup such that the
incident light passed in series through a polarizer, the film, an analyzer (a 2nd polarizer
crossed with the 1*), and onto a detector. Both the fast axis orientation and retardance

sensors had similar signal response equations:

:Aisin2(2( FA—,BO,Z.))sm [/1 ]+C (7
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calibration factor for converting the visible

transm ssion data recorded by the canera intoinfrared
wae»oanssree Usi ng our apriori know edge of web BEEES20891041596

di stance between sensor and earner allowed us to

manual |y shift the data sets into alignment with the

aid of side-by-side plots of the two data series. W
whiheen adj usted the scaling factor of a coatng (v s ) m

e clnunt we mnimzed the | east squares difference

bet weentandecidicr fmdabt dais 4F Aposrctadaicogenser t o t he

reg Ssi n neth%ﬁ descri bed earlier. Exanple:

Ret dgh Ssgﬂﬁl #&htation of Fast Axis for

Bi r ef riiggedth cbéffioRnPRAcBintSRITSOT Sht 306kch iMénsio ARflI6@ RN s,

were configured to nonitor optical properties of

bi r ef r idaigeter rqspdnspr andhAneMdicf gdim I n this case, the

fil str tchln r SS. Or-i,en

oot BB ea R Uy ROy RRkTEd pPRGFEC WoR e
d|rectU@amwﬁgaﬁkn@eungaﬂﬁme refractive index in this
direction is sllqﬁtl | ower than the refractive i ndex

meadhr ésthg @nglp ohi hhssp@&mzﬁr pessaxis, meaguted paslito'C Wxiirem the

However,, t he, f S not constrained to align

WNW, rna fn a)élr ct1 .
exactly~in FR dOWnWEDL" th'r ection - downweb al i gnment

i s tihe id fe geivelchgth of aghtalsb@ (Eetdridddebyth® 6@sEl ci@hl $€ tHeRBurce
orientation to vary in the range of 3 or so. Since the

refrac@n@éHYﬁﬁmﬁé»1E¥%W§hﬂﬁéfﬂﬁékﬁﬁﬁm)ém@h/axes are

une ual. ol ari zed al ong these axes becone
% 1s%%%gna %Q%T%rgpagating through the film This

| s cal |1s€£h deEéeﬂE(Sb’fﬁd:l@lﬁt( wiedl s Adaezdroy fcametingebabsbkpaRind light
Ro, of a blrefrln%Sp |In1|s defined as R ={nFA - nSA
yd (6) thithdqaks hrpughpolgiersefheacta Wlan isiesgnta praiege depolarization

fast bk fbPLUNERLE, A %ﬁﬁegfofffs m close to but not

necessarl y exac a machi ne direction)
refractlve |nde

T RS AP EIRse Mmoo e s Ay tog s BEEHRGT Ay Comnd the

an @sﬂé‘ﬁhe W8latiPerE ltfat id oWk £ aﬁ@%yﬁ)r B nbabnd pe.+ 0435 °d eJlltlues for
i ght passed in series through a polari zer, The f

A, @naghii f;bz each(sanson o cpodcerimiedd feeo egetbmtion ptdﬁedlrrs,ta)nd the source

wag%lané?t@ %gﬂxglté,es%ttge two setnlgorts I?ogeih%? trnegg(ulrgdt Ll e Itlc?vgns EFA and Ry.

Sensitivity analysis showed that when the gain coefficients were adjusted to map the
signals into the range [0, 10 V] for films with fr4 in the range [-5, 5°] and Ry in the range
[45, 85 nm], the film retardance values had to be taken into account when analyzing the
FA response, whereas including the true FA angle of the film (compared to assuming a FA

angle of 0°) had only a minor effect on the retardance value computed from the R, sensor.

Line scan cameras (corresponding to web inspection system W3 in FIG. 1) were setup
down-web from the sensors to view polarized line lights through the film, and analyzers
were mounted on the camera lenses and crossed with the respective polarizers that served
as the illumination source. Except for the units of the digitized response, the camera
pixels near the center of the field-of-view received signals at near normal incidence (to the

web’s surface) obey similar response equations to the above. Therefore by aligning the

6-
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sensors had simlar signal response equations: V =A
sin2(2( - b) s 2(J-R0) +C (7)where i stands either

WO 2009f148520 axi s (FA) or retardance sensor V is BEEUS2009/041596
signal voltage Ais a gain coefficient accounting for
light source intensity, reflection |osses, detector
response, and anplifier gain bFA is the angle of the

carﬁ@fag sikitBatQhe pdIBt Jehldhy WIRASHEKIRGhPQtdr oY e PMd boMRd
downweb machine direction bo is the angle of the 1st

synsbramizing thepagsrabiiosaterneittsthe samploeg ratovef thﬁ/\p«bmbmnscwe, could use

downweb chine direction j.s t h of ht
tne 3 P Ra PR R s e S oh ab el SRy P T RE g i tibrated
respoYses BEGE B land FAtRS sbiboly 8Mhe QhthNEixSIS et @EspectiveR,) aRd FA

ois filmretardance [nn] Cis an offset coefficient
car(lgf@ﬁ eNateltbatrﬂ@la ppqr@h@t) uses eolyrin- hlge ¢a<§¢ fromakgdustia filnghe
callfi@lon SAKFANLOUAN BOLALLESESHNERNO JHAIT b5 Rr esent

Rrdiggd é’eﬁa‘ré?u BFCHTT Y ARS8 87yl i £ i er

of fset. The FA and retardance sensor responses

differed only by the coefficients, A and C and the
W%mgl@éedde pﬁ@ntpmravarw@pgs camppetelysfor ﬂ)@rﬁonallag% rfigﬂcé éhm batd only a

a Val ues
ml%l%rref e ﬁs notﬁ@ Orov\le\E ¢ gr gle t@? }ﬁna}%: w]g: %s%ng:dcag lalfc rox1rnat10n that

thelR Sa@ U Easurd bytthe pSiatidedSorWaasainefogh Bldﬁg&hekmtf@ hné alebvla@ by the
two sensors together neasured the unknowns bFA and Ro.
cargietis iThisverirec faly wicl i fownplicazan, siienchatier gl gesting wheel speed

Var(f‘ﬁ% ]; keﬁ]ﬂg&] {f ({ﬁmgte %91 15&? n? ciin o q@e%hh\%rlfﬁlk ggsa Ah%w uﬂ)[ asé nllqee

Va@]ng&ﬂ@b Ridkntds ekb@dingraere [of ﬁass &ﬁfdﬁﬁly aérb & thb le% In this way, we
retardance val ues had to be taken into account when

didgrfdiege tigetstee tfﬁAWé&}@dﬁ%‘bca%é? toxssyra chag gherlipetaays pgee exactly
a f ssumng a FA angl e
pmgﬁﬂo?%kﬁﬁﬁé %“ﬁkhﬁ?%%gggg%ggg%%fﬁégretardance val ue
conmput ed fronlthe R o sensor. Line scan caneras

(corresponding to web inspection systemW in FIG 1)
were setup
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down-web fromthe sensors to view polarized |ine
lights through the film and anal yzers were nounted on
W@ b@IgesTer a | enses and crossed with the respecRCWES2009/041596
pol ari zers that served as the illum nation source.
Except for the units of the digitized response, the
canera pixels near the center of the field-of-view
recei ved signals at near normal incidence (to the
web's surface) obey simlar response equations to the
WhithénadainiEdes:ef ore by al i gni ng t hecanmeras such that the
poi nt sensors were within the center of the field of
vi ew and synchroni zing the canmera line rate with the
1. sanmp| dali@ratidh 8yQém tfhea RWEb MspSRidh QY tem @RS for wEMitbARg a web of
cross correlation and regression operations described
mageaial.iteg calibratioassgstem copwriglmi| br at ed responses of the R
0 200 ERROLAL sRAP STl Ol B AR ARtk el 1S
r esBECHTOBC BB SURYT FATIEYTRd ] SeoC s P IRAPTIEHT S
ch2R&Etic VT aUFQTrORWetsbriibhef akb fof a0 due kendd fitstiesponse
~no calibration sanples were used to characterize the '
signels panieseniefive pliethe finitebargcterpgicria glcaBbratpdmmite imaaseement, said
ariations conpletely.for the R.Q i ec. sjnce this
firg GpsGmicl et i Bl g o A BB mBs o e
| MagR, wiEingisetioR dystn dorifiguséd @RBE Jigtal Pindichate thBe Rrst
oval ue neasured by the polnt sensor was uniform al ong

charpeicrésiiciof ghd finsecrossewell poryion né theavabref matpyiial apg pklsast a sccond

fair L] hi l,i [ i t n
oropfaleh g al bl Bl AN e e MBI h el of the fir
chatadterdtic@f$hd firsRarossaeh pot€ibn Vad thatseeunsl bW dhpadtion respectively;

timevarying web thickness extending nore or |ess
anQmiformy across the web. In this way, we didn't need

to reqi . the.. ' I

t ne o FEhEt B e Ry e FraRa S R Sk 3 BN EfiEfsswonse
sighils ape thatseaohdaedpod sdwiyeal beappiantrsaibrdtnahédekht Second

1. Acalibration systemfor a web inspectiaqgn system
respesg StEdals e RPHVGF the Secon’ Fspensguteapls anto thqyenis gfinmmagyrpgant of
thé¥ﬁ§3%§kﬁgyggﬁﬁgng: at | east one web sensor configured

to recelve Signals indicative of a first

characteristic of a first cross-web portion of the web

of material, and provide first response signals ] ]
2. r eprBg enlttaptipesysiem ofelaipy b vherpin Hioresh igpnestipmsyptem is a line-scan

[ ' nt, said first cross-web

Ca%??taﬁéﬁ{eﬁg?ﬂéﬁhﬁ%géa?ﬁ%ﬁ SR dth of the web of

material; the web inspection systemconfigured to

receive signals indicative of the first characteristic
3. of tThe calitraioncyysism eferimol. tyhseip thershgnalid Bdisativeef @rfiral
cha@Q&eﬁstticlo?gsffrstacroc‘s@%&dportion of the web of material are optical signals.

4. The calibration system of claim 1, further comprising:

a second web sensor configured to receive signals indicative of the first
characteristic of a second cross-web portion of the web of material, and provide fourth
response signals representative of the first characteristic in a calibrated unit of
measurement; and,

wherein the sensor-to-inspection-system calibration module additionally analyzes
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cross-web portion, and provide second and third
response signals representative of the first
W@ bmpagt7eri stic of the first cross-web porti onP@HUSI00E041596
second cross-web portion respectively; and, a
sensor-to-inspection-systemcalibration nodul e that
anal yzes the first response signals and the second
the' FBSRP RSOk ApALE ah@ tIRPRIY ré&pbhdeStgnar!tb l@?]ﬂ&'e@@cdﬁd@%hbﬂaﬁom
t he second response signals to convert e second
quelstpdh%énrﬁlrgsmn@ sigrtads tolvenymt the tiufd respange sigaals i thehamits of
irst re n nal s The calibration system of
me@?%?rﬁ?lito @heefl%gftﬁ %R%IIWE}%I]I HSpecti on systemis a
| i ne-scan canera and the web sensor is a point sensor.
3. The calibration systemof claim1, wherein the
5. si gk systerdpE elainy é, wherainfthe sansehigriasnestipmpyseerp falgpration module

f the yeb of i al
oG GRS OB R Rion iRl Ton sy atem of o & m L

furt her conpr|3|ng a second web sensor configured to
recei ve signals indicative of the first characteristic
6. of E{hgé@dﬁ@tl@r%@m&fwl@mk,uf@tﬁhecljmm@smgb of material,

and_provid sentative of

e RS/ il FERRETRA 3o 2aRfs SEBRFIRRRG pifalnd
thifERSAONSEEIRAAls & hplyISIcBhd cdliation model to the third response signals to

sensor-to-inspection-system calibration nodul e

corgeti thossrizgnialp inteainyts o8 misasurgnettiof fesgernslacsiogpasignadnd
the third response signals to apply a second
calibration nodel to the third response signals to

7. CONVT@E talitigtidniys@ny SRMAASE adHigoadIE, dontRisiipe ¢10sshSetpbensor-
measurement of the fourth response signals. 5. The
pog&y@m@gm@ﬂu]@m@p}ﬁa{[qe toprevide ,qlg[nh]g that cause an automated device to

repz)gl?}?)‘? el 'l%agts %C\;/ébo&n&%sté E%ﬁf&%ﬁtt&@sts (e Iﬂ)?g&{ &t the web of

onal termnes rst calibra
maferial he callbratlon systemof claim1, further
conprising: a cross-web calibration nodul e that
anal yzes the second response signals and the third

res 5 20N b '
5 1o The piT PR Bch Pl 3y BRE R0k B Akl TP e
1nspéﬂ:tm>nuy§?lstbﬁl a@fibrias uicdiRdonplisé e agsiadon 68 peagession model on

nals. 7. The callbratlonlggsten1of claim1l,
datadladlwtkyﬁ&rf fhe fishrssnosRmigenaly arkibe ieaond srspenssaignedsoni ng

9. The calibration system of claim 6, wherein “analyze” as done by the cross-web
calibration module comprises the application of a regression model on data indicative of

the second response signals and the third response signals.

10.  The system of claim 3, wherein the web inspection system is down-web or up-web

of the web sensor.
11. The system of claim 10, wherein the second web sensor is a line scan camera

configured to receive signals from across substantially the entire width of the web of

material.
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nodul e operative to provide signals that cause an
automated device to reposition the at | east one web
wE 2009048720 a different cross-web portion of thECTHER2004/041596
material. 8. The calibration systemof claim1,
wherei n "anal yze" as done by the sensor-toi nspection-
system cal i brati on nodul e conprises the application of
a regression nodel on data indicative of the first
response signals and the second response signals. 9.
12Theﬁc%ﬁwbrgmmﬂwngysten1of cIa|n16 wherein "anal yze"
as ration nodul e conprises
©he SE05) PP SRTbRg PagElt S Modth TRt Ge R W38
inspBiondtitvi@ tRft i§ B HALANY MRHBPN SRS WD HNi18thATA Wdbeof material, the
third response signals. 10. The system of claim 3,
croppracbividthitisfinedby atdlpast 8 ifioH asd gtseeanddangown- web or

up-web_ of sen system of claim 10,
mhe?@“ﬁspﬁ%cmg@gﬁan gogeﬂn%$Wf@§a | i ne scan canera

conf i gur gflads6ciate pBitieRAs SF thaddat dilc@im vAGH @S First and the second lane
substantlallg the entire width of the web of

mat sdhap p1gvidere §iss pedrsesonprats biiepm assosiatod pespa¢tively with the first
conf| %ged 2 recelve a data stream emanating froma
web |n§68 ? > systemthat is configured to nonitor a

Cross- web) upply B fiedt calivveloriod@tte eHirst ddkestESaftD-0Bert the first
wi dth defined by at least a first and a second | ane; a

cr odsfawepane H1tp splihrpie upistiell recassremcgLiplet Ve prO@):rty, and
assocli at %) &C)pg) n%ﬁ ?&%ng Eaﬁ%&ttloql%gdeﬁ% ﬁl%rg]e%%nd a%a s? garln convert the

and the s de "a

dat gecohd datnsassn G)ﬁt@&l&dsaﬁ%&ﬁﬁbﬂate‘d&inﬁs Wk thia ftrkt&iafal ﬂtfehman d
second |l ane; b) apply a first calibration nodel to the
first data streamto convert the first data stream

13! nt Fhé& ?{//gt&{l %% 81911%[I Tb,tv§he(%£1nqﬁea\%% ﬁﬂg{ktt o) ﬁeﬁ/ﬁ? a line scan camera.
property; and c} apply second Bravion nbder *¥o
t he second data strean1to convert the second dat a
streaminto the sane calibrated units as the first

144at dhe syséprof glgim Thevhgraindhg Bist endsegpndlangirse eharagterdzed by a

phMﬁRyB?ﬁ&%ﬁ?ion systemis a |line scan canera.

15.  The system of claim 12, wherein the I/O module further provides the first and
second data streams, both in calibrated units, to a process control module that controls

properties of a web manufacturing process.

16. The system of claim 12, wherein, after the first and second calibration models have
been applied to the first and second data streams respectively, the data streams are
analyzed to identify non-uniform portions of data that correspond to non-uniform areas of

the web.
17. The system of claim 12, further comprising:

a database module operative to store at least a portion of the first and second data

streams after those streams have been calibrated by the cross-web calibration module.
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14. The system of claim 13, wherein the first and

second | anes are characterized by a plurality of
wprooehss725. The system of claim 12, wherei n tPE&/USI009/041596

nodul e further provides the first and second data

streans, both in calibrated units, to a process

control nodule that controls properties of a web

manuf acturi ng process. 16. The system of claim 12,

wherein, after the first and second calibration nodels
18havéhbéﬂmﬂapﬁDM§m12dmﬂh@1mhngﬁﬁ@hd second data streamns

respect a streans are
| doREnep o Frse i BP oGRSl % IR P pish first and
sedofid GQﬂa'st—fBérﬁ@&ﬂEralﬁ(fS@%tr@imi gcwebh calibratddBy S¥Sk&@RIVRSD calibration
claim 12, further conprising: a database nodul e
HK@p@rat|ve to store at |least a portion of the first and
second data streans after those streanms have been
calibrated by the cross-web calibration nodul e.18. The
198y sTagk@icrt batEin 28, Whirtinekc SRMRAMYSE Bghpidscd ¥ aBamehary statistic.
nodul e operative to store a summary of at |east a
portion of the first and second data streans after
Egloﬁ"ﬁ? 3! |r gﬁw% 9 Y ?2 be er}eu%ﬁm agdﬁ og?r(]) gr%é ctrcpsg v%boxgldﬂ\ll\gemg defined

by \Abl%ﬁﬁlarﬁrktfh%d%md)daﬂlé tl%lﬂ‘@islvﬁ&ﬂleﬂéth@s RidiBBdfined by a plurality
statistic. 20. The systen1of claim 12, wherein,

of adylifiqriad lpnes anh é/hémﬁmwwswe@tqqhbr@tlﬂ@ medicrie ﬁdrﬁryr @@nﬁgured to
apﬂlg ar‘?llthe? ﬁéespécg}e\fﬁ% J%%gne 1%88%" ! a ’restphﬁalv%r guc'r?htg oq’ ad&@%}é@ lanes,

y ap nal
suchintBatWaeli 6f the ldBR saEAES Wb ctadd @ftl@badhrbﬂmuh& th&t comprise the
further configured to apply further respective

crosgrivich v dthgm prayifterddn the seme Cﬁb@rﬁt@étuwé a§a1h9 flstidata sheam.
addi tional |anes, such that each of the data streans
is associated with each of the |anes that conprise the

21Cr oThe wlteriMoftlainh $2 priedrtid ek ¢rosd-Wweb sdlitRatival mbdiaé Bddditionally
units as the first data stream 21. The system of
COIEIreA 102 wherein the cross-web calibration nodule is

add Eréceﬁrg %#o)@n&t c{ﬁhdhgfar Ee g thd fEG H%Eeég{&é%&ﬁ%" Lhoss- w%b response

characteri zing pection S Cross-we
profis pad desqdronfthitdnfoamatidig aedifynhd i‘babnd ddtostagln Before applying the

nodi fy the second data stream before applying the
second calibration model.

22. A computer-implemented method comprising:

receiving cross-web response profile information characterizing a web inspection
system’s cross-web response profile for at least part of the web inspection system’s cross-
web field of view;

receiving a plurality of data streams from the inspection of a web of material, each
associated with a cross-web lane of the web inspection system’s cross-web field of view;

applying a calibration model to a first data stream to convert the first data stream
into calibrated units of measurement;

in an iterative process:

a) modifying the calibration model based on the cross-web response profile
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second calibration nodel. 22. A conputer-inplenented

nmet hod conprising: receiving cross-web response
Wpewdil48320 nf or mat i on characterizing a web i nspeCE/U8909/041596

systeni s cross-web response profile for at |east part

of the web inspection systenis crossweb field of view

receiving a plurality of data streans fromthe

ins nﬁgﬁqﬁ@f@n@ﬁc@m\a@ﬂ@s é}fph@ﬁkﬁhﬁb al lcaGt@mb s@SSQednatifd sibdrh will

a cross-web | ane of the web inspection systenis

cr osenvigeighdti sebfttqmnt\da@\ﬁtreap pmtyutlnﬁgcaélbceafbd ritstaf oreapydeknt; and

toafir trea nver rst, dat
Stroam | B BRNE BTN ot Fg Dr oo R Sy gate stream to
| t ecadeahO5ERES RNt data BN Mkd&albh@cLalitsifdtdacitchppie]
based on the cross-web response profileinformation
such that its application to at | east one subsequent
dat stream w | | v t hat ub quent d t.rea
37 nt o1E RRRUE BpRlpBEn; ﬁ“{etho 0T . nrgﬁrem gﬁ&”@)mspec on
Sy@@@hyapﬂgyﬁﬁcwﬁ@hfled callbratlon nodel to the
subsequent data streamto convert the subsequent data
streaminto calibrated units of neasurenent. 23. The
4 €0 ter wher ei.n .t he
241 o S nb TR AR PR TRAG, R i hae MR S 11
CONMphéredtediAig Bﬁt@g offitit ke iR fthecdatibrtetunidsur t her
conprising: characterizing properties of the web in
the calibrated units. 25. The conputer-inplemented
nmet ther XY rizing
25 motdt saerfishi byt Ek TR RmneERabaTEE: ¥
26. cHd?@ct@@ifﬁglﬁlﬁfmalm 1epeni e0th®ichafl thefcatibatod udits.
further conprising: storing at |east sonme portion of
the data streanms resulting fromthe iterative process

26.i n %hg %I)I%B@tgre-implernented method of claim 22, further comprising:
storing at least some portion of the data streams resulting from the iterative process

in a database.
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