VEEB | NSPECTI ON CALI BRATI ON SYSTEM AND RELATED METHODS 5Background Certain
web properties | end thenselves to optical inspection. Such properties my
ei t her bewdizn@xiBizoobservabl e (such as transm ssivity, @®CTAlSeiMAEIS8OS such
as scratches or other cosnetic defects) or be sufficiently correlated to an
optical |l y-observabl e property as to be neasurable. For exanple, for a
non-woven web, a property correlated with an optically- 10observabl e
property, but not directly observable, is its insulating capability, which
is often neasured by thermal conductivity. A web's thermal conductivity can
be neasured by nonitoring the rate of heat flux across a known tenperature
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transm ssion, its thermal conductivity may be correlated to 15t he

brightness of light transmtted through it and into a series of optical
sensdrs. Thus, using the optical siBaskgrafnd i ght transnitted through the

web, the “s_thermal. con tivity can.be. characteri.zed usi ng known
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a property that” nay be neasured by optical inspection techniques. Oher 20
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| esser degree gualitatlve i nspection 25schenes) is the calibration of the
sensor ormegenedby thertatel eoduetigty. thevcheshermap eatdushvigyemdmmesstred bat i t
yi el ds data .about. th b _pkoper t f interest in units,of asur enment
Lal i br at QOTHTHE Ui v o BabABhEY e Topva Fiopapraeiisii bt wiiara.  Wo
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web inspection systemare disclosed. Mre 5specifically, systens and

net hods faopstrueapn ellerss fashight wensaassian Hs thermalfcondygstyity maydistdopisladsastoem ar e
di s¢l ose rally,. these systens d npet.hods._.i nvol ve .t he use.,0of a sensor
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I nformation provided fromthis sensor is used to enable calibration
const ant sopdctiviE cobe Fhisprierided psigg dneywn optiend sensgrdaguotagissepiovideghdor near

real -ti madptigasslign%f Ea%rbevgaiig&%'etd tio erle%rapgotnidﬂgti\;i@eun@tgr lTﬁérrnal conductivity is just

one example of a property that may be measured by optical inspection techniques. Other

20 example properties include surface roughness, thermal diffusivity, porosity, crystalinity,
and thickness, to name a few, as well as of course optical properties like optical density,

transmissivity, reflectivity, and birefringence.

An issue for quantitative inspection schemes (and to a lesser degree qualitative inspection
25 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.



manuf acturi ng process of the web. In various enbodinents, this calibration
systemnmay elimnate the need for down-tine or resource-intensive tests
associ at edownadn4sr2adi ti onal approaches to web inspecti oRCITHUSR@041596
calibration. Further, using the systens and net hods di scl osed herein, a web
i nspection system may be configured to provide quantitative |ISinformation
about a web property in engineering units. In sonme enbodi nents,
guantitative informati on nay be used to conpare properties of web processes
on different lines, or conpare data across web inspection systens, or

anal yze the performance of the same Swebmarspecti on system over single or
multiple runs. 20Brief Description of the Drawings FIG | is a schematic of
a calibration system FIG 2 is a diagram of functional nodul es that
conpri se S stpuaiind nddthotd fhiN@ibAGing ¥S{@hspekfon $ystetn arcfdiRIszb@r Mokd | ustrati ng
a high-level process that nmay be used to calibrate a web 25i nspection
system Pp&ifigallys sgstenetindenétbodst fonraaktimgr en-linncalipsatom ofiatwebanspogonr  nount ed

to a cross-web transfer devi |G 5 is a,schematic.of,a calibration
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consi st uantitative and qualitative enbodinents. A 5Squantitative

i nspect i cicypehemessue] #yeh pEpeey Pomtiraftor pdtirgnd abdutintorgetoppiopeicdy in
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may be sufficient to recognize signal patterns indicative of particular
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track whether the web process is in control, or whether changes to the
process HHYEEOSEHEICEY 2R IsClEon Bptem Bry he Ronfraurest Rinkgvide gwAndHEvVEun to t he

nexts 15 i formation about a web property in engineering units. In some embodiments,

quantitative information may be used to compare properties of web processes on different
lines, or compare data across web inspection systems, or analyze the performance of the

same web inspection system over single or multiple runs.
20 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
25 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.



Sensors and imagi ng systens used for inspecting web-based products nust be
calibrated periodically. The particular calibration schedule depends on
such t hi ny® 2089/148220t ype of web bei ng i nspected, and thatCrals2@9psperty of
interest that is subject to the inspection. Additionally, environnmental
conditions in the operating environnent (tenperature, 20hum dity, dust

| evel s, and so forth) and production and mai nt enance schedul es nay cause

i nspection systens to go out of calibration, and thus necessitate
calibration every few days, every few hours, or possibly even nore
frequently. Approaches to cali brldetailed Bgsdritionsensi ng equi pment for web

i nspection generally fall into one or nore of several categories. 25 First,
the "off-line" approach to calibrating a web inspection systeminvolves
recor di ngwthenspé@inalsyétont talist of q@feiMt 38d qiIRANCRtMihdRs. Web i nspecti on
system when that systemis exposed to a known sanple or known set of

sanp} es. quantithbveiaspectpn aystapyicdds inspespercinfamatge pleant atwrbproperpfinanitione by
placing a samnmp o t he 0 tlcal at h aths 0 0

Phapecti ontEying hpBBTRlsmgartof ok finsRa! EShP B dnfl A Breeflrested BB oach
requ'reS(ﬁﬁﬁkﬂﬂ@ﬁﬁﬁ&ﬁ%ﬁ@yﬁ&ﬁ@Qﬁﬁﬂﬂﬂm@io@ﬂ@d@@ﬁt@ﬂu@gebﬂﬁ@%ﬁgﬁi pRely Whéd e
sanples are placed into the W) 2009/ 148720PCT/ US2009/ 04159 Iocatlon
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be recorded, and thus the web i nspection 5systemcalibrated. After

cal i br at ilevels erecalibration ppsediren tlsﬁ;ygtlélmnpgem@éwblé anatige {arsehadnetiign pesdt i on
position C ed, web
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attenpts to obtain calibration data while normal web is being produced,
that is, "$8f-ng as-produced web, albeit with as yet unknown properties. To
do is, the inspection systemrecords data froma first section of web

whose location is either marked or otherwi se known to the web handl i ng

system \Ww@gort bed frhd@iig sethisaRed forwadpcstaraches bidee pydduds must be i:e&hb@zuéd from
t he remai nder_of the web, usual%% as an "end-of-roll"™ 1S sanp and taken

to a quallerigpdisahy.rbhc pahculprcalibaien sehedulscepsmnas onsuelnthings ap Hﬁd}’Pﬁa‘?ﬁ on is
avai | abl %e}“@&%ﬁ e&li S 51%96‘?@#&2 At‘?hatﬁ? 28 efc?%'tgé ﬁ]ﬁ&u th the

data store nspe I on Sys sanp e asse "the
i nspecti Q4i\cht1@11aI119nenVﬁlfoﬁm|ehﬂaEc(ﬁid&idnts Yn m@rmtpmhng Bsvifdnient Gerapdratuec, used to
provide calibratjion data for the inspection system This apProach i's
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20achi evqn%%&]ﬁ’ Iﬂgls?ems%pgo%h%f yﬁiaﬁr Ougd%ﬁ}]s%e%&%ﬁ&t@%ﬁﬁhn 1 dRr) fQ, bet ween

when the s e iI'nitial Py passe e 1 nspection station and when
the cali hfags ievtrylfewdivass, avpiskidbt @en more frequently. Approaches to calibrating

optical sensing equipment for web inspection generally fall into one or more of several
categories.
25
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
30 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



A third approach invol ves sone conbi nati on of the above two approaches. For
exanpl e, a known sanple may be pl aced outside the edges of the normal web
pat h, butw@izdwmrst2he 25arca vi ewed by the inspection sy®CEMS2000i0$1596 ovi des
ongoi ng calibration data for the outernost sensor elenments while product is
still running. However, transferring calibrations to web inspection system
sensor(s) over the normal web, whose properties are unknown, requires
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properties of the web. This places some restrictions on the statistical
var i at i orsgstem aakibrajgeh Afitaricalgbretarn the arabonspeaimen siston shiesiered ta hewelmge t hat

the inspection system .have to operate .Qver. 5The lLtiple point
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operators, a large capital investnent in an automated calibration system

or a contirpesssipg mey nebbhwithigraonpl. changes to conponents that conprise the
i nspection system (for exanple the intensity distribution of a |ight source
providing illumnation to a canera, or the alignnment 10between the source

and1@ ecei A ki@n@RpproscH dtctnptE®VIbtAHE adliRitlonRELHEIE Adrenall Web i€being
calibratio&égg. FIG 1 shows a schematic of one enbodi nent of a calibration
syst em orProgiscadhet|i5.ngingpstreedupsd wehlbrihdith agyepekeswmpropasiicheTady web
handl i ng .gyst.er f N A ] roc
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i's thick rhitkéd biSothsmAGHmwinGo Al WEBhAWlinpSPRehi WhenktbE figx sdpbe of web W nmay
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inspection system when the sample passed through the inspection station, off-line quality
control instruments can be used to provide calibration data for the inspection system. This
approach is resource intensive and requires careful attention to sample registration to

20 achieve good data, and also suffers from a substantial time lag between when the sample

initially passed through the inspection station and when the calibration becomes available.

A third approach involves some combination of the above two approaches. For example,

a known sample may be placed outside the edges of the normal web path, but within the
25 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
30 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



Wb W noves fromleft to right, possibly as part of a manufacturing or
converting 25process. Sensor W2 is shown positioned up-web from web
i nspect i oONOYEYWRT2Z0NB but it could al so be positioned doraTMESROMPOGYEIGED
i nspection system WB. |In one enbodi nent, sensor W2 could even be positioned
SO as to receive signals fromthe sanme web area as web inspection system
WB. In such enbodi ment, one or nore beanmsplitters could be used on signals
emanat i NgydhfRhkne/D ATLR té ﬂ{eqw&l@&in BRdpRrtISr sRNS&Y. hs ARcesWBRel Nspect i on
30system WB are based on optical signal's). WO 2009/148720PCT/ US2009/ 041596
Sensor Waestiigtianendhdsalishenl variagors C§|thﬁgWeb d@@@@ﬂhb@émomdceésﬁ ¢hgongesdhe o
receive |n %H% n. si Qa S §na atlng roma %gle | ane W& of web W, and
t hen gené? & 5%5?3 RSl PRy Jp FH?@“?%SBB Sensor W2 may be any
type of sensor - for exanple it may be an optical sensor (sensitive to, for
exanple, visible light, ultraviolet, infra-red, or near infra-red, or
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web WL i ny lgadei cRpitd] @6k cethcng in drf autémMed caleFasmayyteh)8f 2 s@ABRAtI ML DR Si ngl e
poi nt sensor, but the calibration transfer to the web inspection system
descri bed uséknwhangss tQacogmmglp@tSMQO@pm@athﬁ ingheqtionsestemr( fopexpmplgdhe a
10singl e e data st rovi ded vera
i gna's rRah beDERERion el SurE PRy RAFE TR e Mot Bt afiUgpe
(can®ra MHexedsh the sRRed atﬂd\'iecéiﬁﬁg bpgcseiharr@yat ScanA&tY nSsSitkd faythéo obt al n a
single data stream There is no strict limt to the nunber of sensing
el enent s cehbiatiedipri se sensor W2, however, the nore elenents there are in
sensor W2, the nore difficult it may becone to assure t hey arc al
calibrated to | Sthe sane response relative to one another. Wb inspection
system WFIGS 1 shéwonectriadd bt emBoditb@-ofeanlibates systotflbs iveBthahd@apt
receives inspection signals associated with the sanme single | ane W as
singl e ouypam Wensheb wpdling systamn Vesmay bagey vehapndlngystanassliora | i ne- scan
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signals froma w ess t tire wdth. Sensor

V\2 is permmmlaﬁérbd/ﬁm,l d duhgioside Afal ginted mqymteﬁieamr @Ifoﬂ[ loe stidengaugls of
nsor W2 calibration i s dependant on the propensity of the sensor to drift
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web.

Web W1 moves from left to right, possibly as part of a manufacturing or converting

25 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

30 system W3 are based on optical signals).



30density gauge used as sensor W2 can be configured to nmeasure the |ight
transm ssion of a web within a particul ar wavel ength band, but as the |ight
source ageE®200w=I8Bpectral output WO 2009/ 148720PCT/ US200%9/U32W59615a6d/ or
power |evels mght change so as to affect the accuracy of the data com ng
fromthe sensor. The response of such a sensor could be checked
periodically using a known standard or set of standards to correct for such
a drift. Qpk& walinkmath®Bdiend i$&5mele MldouBSenSOrRatigakcWid Foctive ifspbdthat i on
of a web inspection systemsuch as a |line scan canera, is a rather trivial
mat t er ars niyglatieg opl 4 wingld lang VWhef wabddl.raed thanecogiategiignglstindicalivegl e

out put sensor off-line to ceiye signals froma known standard or .set of
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line. As | Oanother alternative, sensor W2 could be sent in to a
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of the weRlibsitdddo atSurREBMh&dEle)a iapdrBr otvesh Wilah @alitritcd QRRs. CR$E%t t may be
desirable to configure web handling systemW with a plurality (2, 3, or

even nor decgpany Shatnerser S(A bt sisglsporn sensgs thut tgcaldlraen trefisicsrio therfech at
| east one_i.s on-line and.receiving signals . fromwe assinad.p.l ane W,
boan ¢ adnipea i, AREHAGARINL Uik FHRL Sorh SO RIREOSKAR WP A0S T

sens@r Whiigge poit @hsdrhe siaglkefatasdtRghen SUbPptovisied 8Qa(&hgihg sighhls fiore bei ng
calibrated (and vice-versa). 20Sensor V2, in one enbodinent, is configured
t o measurseVerRladiacqat sspgpe elepeats thaisompspresenpernVe yeanears PEelsFeapagiisepl e, bot h
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raspection sig S case T1ght range visible

t 0 hunmanshe MihBérdtsenselg/cleMOWe R cordBiisel SOBJRE OV 2, hidwdBerTey ridre eddngur ed to
nmeasure a property different than that nmeasured by sensor W2, but strongly
corr el at eBerBroNiSENsOnN B tbvppes difficaltdt man fespmsde eatue ey gregpbradiprated igher e
sensor v@h@ﬁﬁﬁ%&%&nﬁ@%?ﬁﬂ%@éoﬁéa&ﬂ eI,vveb via an ultrasonic transducer, and
t he web inspecti sy§ien1 I'S"a lihe scan canmera sensitive to light in

t he human-vi si bl e spectrum Another exanple of a web property strongly

correlated with [ight in _the human-visijble sPectrun1is, at least in some
cases, th¥ebriIsPeGIeasEstemi Wy s, i v sledimpye lingecansamera athichet lepsgi ng

system \Aﬁreg@%yesqgsp@&icﬁps%ﬂa%a&sgé)&étgc?%%ftflé:sa%e sgr?éig [a%le Wi Bfﬁﬁge output sensor

W2, as well as a lane other than lane W4. A line-scan camera is relatively inexpensive

20 and ubiquitous, but the same or similar calibration techniques and systems as described
herein could accommodate other types of inspection systems. For example, rather than
line-scan cameras, web inspection system W3 may also comprise laser scanners, time-
delay integration cameras, area scan cameras, other array sensors, or some combination of
these systems. Web inspection system W3 may receive signals from a width of web W1

25 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
30 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



WO 2009/ 148720PCT/ US2009/ 041596 conputer with nmenory and a central
processing unit that receives input fromsensor W2 and web inspection
syst em \\Bwandosanrdsi2zgzes the input to apply, or in sonme eRbDAISAENNN0$1596
determne, a calibration nodel for web inspection systemW A calibration
nodel is one or nore nunerical values or algorithns that define a

mat hemati cal rel ationship used to 5convert output signals fromweb
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nodel " defl es, t he tical ati nsh| bet ween sensor WB and t he
portion raﬁrsipoééﬁ%ﬁg %\?g‘i%ém W%&&?P aegr ith the same | ane W as sensor
WB. The second calibration nmodel, which is 10the "cross-web calibration

model " defines the mathematical relationshi p between | anes that conprise
i nspect i &he@ﬁhb@ﬁpw\gf ssensots‘é’2mﬂ300frmr@mﬁ—mthmeewllb@ampf 2 wbv@pﬁm ng system
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one or nore |lanes other than |ane Wi, as well as data describing the
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Zﬁ;gg:nne ngwnstec?rlénqug%l ah%% cgoéltr%il ?abg to %ca%eedrﬂe rrrn;)au ugarcéu%rn%gi Sed

t oges her obthst almdtgzeaée@m WQQ@ﬁliné%@ﬁttlﬁ t(yaMaauﬁcﬁleértdwarv@n@drg@ddr&tbmrl n
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any user sifnaWeiborh Rapeatdignin MR RAOAIch4B. 2QR2GH/2td320001 343&Haed from at least

one single output sensor while any of the other single output sensor(s) is off-line being

calibrated (and vice-versa).

20 Sensor W2, in one embodiment, is configured to measure the same property as web
inspection system W3. For example, both sensor W2 and web inspection system W3 may
in one embodiment be configured to respond to inspection signals (in this case light) in the
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

25 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.

30

Quantitative imaging system W35 may be an application-specific or general purpose



system Wb. User PI may be a human operator responsible for quality control
on web W. User Pl interacts with quantitative imaging systemW primarily
t hrough awReyiyoias®p a nouse, and a display of sone sort PCmarseoofo41shé ch are
shown in FIG 2). User interface nodule P5 nay generate a graphical user
interface or a command-line type interface on a 5display such that user Pl
may both provide information to quantitative imging system W5, and receive
i nf or mat i @mplute Wim&ﬁé}hbﬂyaén'd\é%ehﬁﬁgjrﬁ'&sﬁﬁg LeMNA reckVeORMBuERBadE Bty user
interface nodul e P5 generates w ndows on a display by calling on

f unct i onandtwebpnspeicdendsysteral opdraanlyaes thy stpahiosapply, a8 inoseenonembicsiimentsinder

the trade, nane "W ndows" b crosof t rporati edpon Washi.ngt on.

O her | oodihiie. LR on e s ERTrbrabf STtk WA MiRtn HOASSHT o ps
in turn prevdrd @emenehl Vekes yefgstahms And deRmaRAkthehiaf] ot iBesnshipnztd enal
nodul es. There may be additi onal |nterfaceswﬁnot shown in Fli 2) to

aut orat ecconedst putpelesgnatsoliiem oy cbanspreiommmicroM3nigos yaw datg. intp/cdibreteduaitR

interfac with. sensor W2 .and web ,in ctyon system WB. |40 dul e P9

51 ecer vl dat's (S8 B BN oL ROGH AT S SRR b o &y Tem Ve, 1n one
exanpl e esxhpEteE Roded @medhdl A ‘QBnsoh® iﬁgi&ti@ﬁlkﬁfenh eRlRsmMtAddcPNd&ines the
quantitative |nag|n? system Wb, |/O nodule P9 al so provides conmand and

control imdtbemetidabrelationsiin bervopr senser B3 anddhe perper of enpejion symted. WEor
exanpl e, el sewhere i.n this disglosure i scribe nbodi nment, . gf. a
or oaer weti SRRk e Mot 83 R Y58, ER SRR AP IR TE Mnicin

20semsor tH2“Erays-wel CalibFARSH&R]” ddfhcsiduhahéatidanrefitiohstap bewwesl lameant , coul d
provide control signals that dictate such cross-web nmovenent. Also, 1/0
nmodul e PShatepmpriss IngBecHOn SYSteTAVES wetdservebdiaEaErEM- y control either sensor
W2 or web inspection systemw3. Input received by I/O nodule P9 may be
provided to other nodules directly or stored in database P8 for subsequent
anal ysis. 25 Database P8 is a data store inplenented in a conputer nenory
such as random access nenory or a hard disk drive, or sone conbination

t her eof 1QUARE{AtINE IBRERE §yEBAP eEFMmsHEIOCron-Webagalibration mgdehbyiarospaEE such

as at ket e ; ft I on. of . . | der the
radn nangt b ullyld SARIEC W HRRh R RN B L B o
t he functscaswalko filepiction sydiah calitrptiors@odelpmid daad soteadsodE gt gnsSyisinera Mfes Dat a
streans enmanating fromsensor W and_web_ inspection system W nmay be WO
2009/ 148 PdirmUspobsh auwshes ditadexribinedhe aioaswebgignalprBleof e dat a t hat
conpriseiﬁ%kkggngd% nodel s. Wb i nspection system control nodul e P7

provi ded conmand “and ‘control signals via I/0 nodule P9 to web inspection
system WB. The particular functionality supported by web

20 Quantitative imaging system W5 is shown in FIG. 1 as a single system, but in alternative
embodiments it may be comprised of a plurality of computers, networked together or
standing alone, that execute various software algorithms in support of the calibration

techniques described herein.

25 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

30 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



5i nspection system control nodule P7 is dependant |largely on the command
and control interface provided by the particular web inspection system W
chosen f owoiep/esent ati on. For exanple, sonme |ine scan eawarsagoesve coul d
conprise web inspection system W have application programm ng interfaces
such to support a particular set of functionality; such functionality would
exist in FIG 2 within web inspection systemcontrol nodule P7. If 10web

i nspect i QRsemSWEMUAB: PRma9 Bk RHuntal dpeRRRISpbAsiPIB EI0qMEL @ftbf 6F weyapl e, a
raw vol tage which needs to be converted into units), the neans for

conver si doser 81 iintplagiveyitheqhantitabiv i inpgghing sysiset W opringsly dhrogging keyboatsial e P7.
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anal %zes data from sensor provided via I/O nodul e P9 and possi bly
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i s convengsegintdtfate hﬂ@ul@@!ﬂdééhé‘ﬂa%@ wiRddws &if a &i@gﬁ?lb \¥&llisg @H bt iondixgnp! es of
this conversion are provi ded bel ow. Cross we a?ll brati on nodul e P3

c
det er mi na¥ovided hegrepmrting wrigmaph peeng markstedunder the frademsae Wirdowisded by

Sensor - { qu) NPRSOH Al SYRLE R SRl ALLRRaARIN GGl ebfnt DR QRNGEy Lanes of web
W inspecye Yy we IPnspgc’tlon syste Msuch ORE R T oM™arY 1 anes the

conpy i se siMBRectdedn (BYSiheMa¥Bmddiiicd 5dn @hm\préMd & @deadeies @hRdnio | ane VB.
Exanpl es of such a calibration are provided bel ow. 30The functional nodul es

descri bedoninanss ferpethemfupstianabmadules. rhljere gy be gddienalfinteefages hagtishgwh hat i s
i st -t i . I d i t hi WO
Co0e) S e bt B BB PO KB B R PR RIYARECC, | Bon™or scvber e

that is not explicitly associated with a functional nodule listed in FIG 2
exi sts within quantitative i magi ngwsyst em W general ly. For exanp t he

|
f unct i ondl® mpdulehtd vataceresith perser Warimd tebgnspsridemsysteaniiatli @ glqdﬂ@ﬁ?% ensor

e ng. SSyet AR RO Rl ReP PR N W3, B B ) ocese
t hat may dagbodseeht! depeadihpoatie fantculeimpepacitionnf gyaiteaiiBmafiag sygerehown in

Fig. W Afirst signal response is received fromsensor W2, which, in this
exampl e, V3. VQauadde BHakie providemeampand pé eente ifpunaipng seiwar YWoaawliyi at ed

with a p%éﬂ ﬁ%e%{iorlll Lfs%?n V&Qi ﬁ&%xmplel, él@&v}(e'%e [0 this! d}scﬁ&ﬁrecigia%%hoec?gn Fig. F,

this | ane
embodiment of a cross-web transport device upon which sensor W2 is affixed, such that

20 sensor W2 may move cross-web. 1/0 module P9, in such an embodiment, could provide
control signals that dictate such cross-web movement. Also, I/O module P9 may provide
other information to generally control either sensor W2 or web inspection system w3.
Input received by I/0 module P9 may be provided to other modules directly or stored in

database P8 for subsequent analysis.

25
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
30 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



shall be referred to as |lane X. Wb inspection system W8 may i nspect (i.e.
receive signals from the entire width of the web (or sone portion

t her eof ) ,wbunovat4s12east i nspects |ane X (F2). Signal s fr @gnusRooogtseet i on
system WB associated with lane X arc for the purposes of FIG 3 terned the
second signal response. The first signal response is synchronized ISwith
the second signal response (F3) such that the signals fromthe single

out put sepsed in¥ataage PR&svaMarsdaRahit @mpeisc VRDraIRASIdLN system VB are
representative of the same areas of web W. If the distance between single
out put sensor W2 and web inspection systemW is known, as well as the

speed of .web, . synchronizati o be.acconplished b et ermni t he
TPt CHRE PR R O T PGS R s bERBut LBnsor ve
to web i napest POR w6 IRPENBn sydem Wi MEhé BhrdivuldBSinBondsi8tsupPod&f byRel shi ft
whi ch may then be applied to the respective data stream enanating from

ei t her sdnspsetiopsysienwedntiohmoedeleiPars dorendamt\ggelypnghe poramgyhent emitel ng t he
data streans. Alternativel .encoder.s may be use tri gger _sa i.ng of
ol oo T AR e B FIRE bl e SRS Ra R GO A Sl EP Ehp RRTRlBS .0

acqui si t i Fy cRdmpleXRehSIPRCGRah BirBériaihst Quld BEnpDeeR b iaéfeetion Hafent Waskhviei e
intervals, such that the two data sets are spatially synchroni zi ng. Wen

t he shi f tapphsaliondsesiemmes Bearees yiel thsupped auertirg lar oet dfdbhediioaslitigyuchhe ti me
del ay bet n_sensor -and weh.inspection system data anal,ysis;tgchn ques
iadagtiy ot S E BRI e T R PRk

necesar Ywdtoinkpodtos Yysedhi W8 B cligha tisk heailiBo BeBaRkHBE (fof OIngRAaawWV2 and web
i nspection system WB. These techniques are WD 2009/ 148720PCT/ US2009/ 041596
possi bl e voftagkawhichmeedsris be comyosisr e upnes)athig nedgsas fagwenyerpon 1S igplanensird

i nspecti QDY S8 ThAB S Siel d BlroPiGR L pat |inear cross-correlation nethods
B e Sl -

arc adequdte hment s between the data sets. In sone
cases, data streans from sensing el enents adjacent to | ane-X of web
i nspection system WB are conpared with the data stream from 5sensor W2 in

order t o JaMpRF copBolyeadule P éstoibpseasergionipt mpdile P rdakwelr spestivasysien

spat al | i i i s i ; st correl ati on may
var§35|iéﬁﬁﬁ%ﬁﬁg%ﬁgFﬁggﬁﬁgg?%gﬁhggﬁgéﬁ&gghﬁgég%%%ﬁgg@“@@%ﬁor W2 due to web
steering or potentially even web stretching or shrinking. In other cases,
where the cross-web spatial resolution of web inspection systemW is of a

finer scale@sqHarinnsetiorayystesn edibsaignyodidmikbanalygzes defa fegnyspapor W2
(provided via I/O module P9 and possibly stored in database P8) and web inspection
system W3 and establishes the sensor to inspection system calibration model such that
20 output from inspection system W3 associated with the same cross-web lane as sensor W2
is converted into the calibrated units of sensor W2’s output. Examples of this conversion

are provided below.

Cross web calibration module P3 determines, if necessary, and applies the calibration

25 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.

30 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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10out puts from several adjacent elenents of web inspection system WB may be
conbined so as to better reflect the material in | ane-X before the

Cr 0ss- corwel2anywsr2os carried out. In certain enbodi ment $CTIUS2008441566

advant ageous to apply a variable transformation prior to cross-correlation
in order to obtain a linear relationship between the data sets, especially
in | Scases where a mat hemati cal nodel exists for the response functions of

the sensqfiglosuft. AtudSioRiNBOssEBRddSe i hak Gkt 8 RotedpNen) asRR sV ¥h Bonl i near
rel ationship exists between the data sets, one may enploy nore general

si m | ari tiynetmnel medulpdsted ireF iKndwxisthwithie quentitagveimagsneniysigal Wisrgeoemtly i on.

The procedure i al.ogous .to . that described below. in that .the simlarity
A o Be s e R SR S G AL L S

al i gned 2QRhr D esd WEb ilBedtionBy st fit3 thidls I %@%id qRnEiafilé ahddiyg Metric.
The equations bel ow show one approach to determ ning the shift val ue

mat hemat isysiemyW5i n order to synchronize the data streans. The fol |l ow ng
equations are for non-nornalized cross correlation followed by |inear
regression. 25r(x,, n)f(x,, y",)g(x, f is the vector of calibrated single

out put serTE0B idafiawtRureMakie Rz atdghiliveBpdtesd R hiay Gdhiséd ©f@FBravelc hegat i on,
xt, and g is the correspondi ng vector conputed from appropriately wei ghted

array senswectden wstem Widhat ipskawnoin FipalVa /s &t sigpalesneassisneestvoddiamd t he
web i ns pesc}lsl,o? Q%%stﬁighmin i -%xsagr}%)lléa tise fjoagesqgcti ppjv&?er‘t])eﬁro\/% gvgﬁ?{%sl%gcéo%n%ltsteegl‘ g{g%‘%ﬁet ely

intime orin space usin €énco I'gger a on

sanpd i Ng MiiAnTeEh a PagicuRs tlahs” 6f thé heb $iasil 1)Ngn Heoitc@t 6OFipNF aRRPAHcer
menory, such as that of quantitative inmaging systemW, W
2009/ 148 rhalbbTraisrabo/a4asgs Wb iasperign sseawi vty Bieect Ore- siccivetsignalsor der

Lo comut, ke SRR AL Wb (BOGAL LRI ANTEEA N Rl RGedel e or e

perform ng 0Ss-corre i on, "a

nor mal i zaFRPreipedlh 6dm Wy ingpcetioh Sy esi WY edocidide widastaK ard filr $hd purpdbics
t echni que have the sane nunber of sanples %Mhich may nean the sensor and

the web ididpEc? fames dipseerndsagnsl egpersct e Siavhsignakrespogpe istyeduiPmizéfean t hat
t he,pne qf. r . USil ti Sl pol ati on
t ook quabit B 1SEh RIS t e BRRRAE R PO S Ml B0 FRALRR0, 2,

i nspect i ON2syi8 tienMB Xaicetidriew ¢iciakpecaol sfdian SENsere@Bstntdigc vethecisampect i on
system both resolve the sane features in the property of interest. The peak
of the crasas-ofgichaV bt Ifghe distapeg bateyegn singly ontpy @fnﬁ%rxwé rand web inspection

system W3 is known, as well as the speed of the web, synchronization may be

accomplished by determining the time it takes for a point along web W1 to go from single
20 output sensor W2 to web inspection system W3. This time delay may be used to define a

shift which may then be applied to the respective data stream emanating from either sensor

W2 or web inspection system W3, thus time-synchronizing the data streams.

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
25 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-
30 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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identifies the shift between the two data sets owng to the transit tinme of
the web between the | ocations of the single output sensor and the array
sensor (owowoeldsepsa). This shift may then be applied POTIUSRUdAIEKIGT r eans
to achi eve tinme-synchronization. |SA conbination of nmanual and statistical
techni ques may al so be enployed to determne the shift value to be applied
to the data streans to achi eve synchroni zati on. For exanple, an estinate of

the time joksibRkESath HrcatnsPRIMke@Br WreandaRe tafc FOY&tibA OFWEE mfsgéctfé% sy QeMeb
i nspection system WB may be used to establish a window within which to use

cr oss- corWaélazg simlar gichéhatiinearpppse-cavelarion methada argl adgauatnito dotwminche peak of

the cross-caorrel ati.on 20resylt. The strength ,of the cprrel ation coefficient
can al so BE LR due pen B RoRES afte s RO Re A DB 0w web
di stance éa&km&a 14ReX SEWEP insPBiohRGstebWB REDPESH P88 W} B HRMbatd R aADEEm e

steering atfects mght reduce correlation. Continuing with FIG 3, with the

dat & st r ean¥r AV gnerder toHmdithe best areds-wieb ahgnméngier lans Xe slhoresess-vegbospaeadt

I d b ' ive.i ' d | /i ' del
hat aer i ey ATt B TE MRl AR R G e ST BN o

sensor \WhhiywohlChossiwdb 18€atfoal dfeehsbN e F duesth wibbtsteesihf Q\ﬁ}gbtéﬁ)tﬁally!’b&ze@ weposes of
this figure) and the area of web inspection system associated with the

sane | anstgwhing os shefing\pIn etherciassp whengdhegpssewcel pratigbisspidtioeiavel r eam f or

h f hj i ~. 30 | i i bed i
Lo DI PaRfRe iy Lt o oA s T AT LY SRS B SHRe P Rel S8l Sh o6

rel a8 i onsduitpputs A sblidral @Icer] Aéh@lis dbRREV InspREoWSAerh 'Ve3 friah T copdirkasend
data streans. Linear regression has been found to work surficiently well
for senscwdo etk reflagt thamaterisd om acPubrfpicdhe cioveroraclption is sarigdget. of t he
measured property. Qther techniques may be better suited for other

conbi nati ons of sensor and web inspection systemresponses. For 5exanpl e,

when deallhRrgrtyih tehbetishednty, &r@8sbofdvantagasiy ke shdy @Retiile trhi@imaltibn ?ﬁbr to
regressions could be done at fixed intervals between data sets (for .
exanpl e, “PwerEhEopisasgetosban & dineaiiralatipnpin besveen the daf satscespeciply in

di sjance c%ges%pe)re % Fl}a?r’f&r?a%lll' rﬁ(‘?clell ¥xi83 fgletilg EJEE&%% 591%(0&1&1? 15 Qélisggel f the
measur ed property. a nonl1near paranetri ¢ nodel Ts Rhown o felate the

dat a set ssth@renbddimE@IPinoyhiciom umiakvn, paSIblE Avtdimesr felatibhdhip bestodewmnseher s of
the nodel. 10l n the case of an unknown nodel, nore general nonparanetric
t echni quebe d#ta sfelanepaannlay feec general sigpilasicn mstrecs that Reg kpownsipdls #6r may be

applied tQ.f RenaRSLhYSihatith v $ns Ello%dlﬁlg is analogous to that described below, in that

the similarity metric is computed for several time shift values, and the data sets are aligned

20 by choosing the time shift that maximizes the similarity metric.

The equations below show one approach to determining the shift value mathematically, in
order to synchronize the data streams. The following equations are for non-normalized

cross correlation followed by linear regression.

25 rlxn)= 30 f(x )8, 9,,)
fis the vector of chibrated 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
30 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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aligned datasets in order to obtain a nonparanetric estimate of the true
rel ati onship without recourse to any prior nodel. |ISA |inear response nodel
for the iwb2etemerd of the array sensor with no cross ta&Ck/usetopeersoad) acent
el ements, may be witten as f ,vl ) =al cr 1V(x , y )+ a2 ) where Er(x,,
yi)= g(x,,is the aligned data vector, and f is the estimation vector for
the calibrated output. The goal is to find the fitting coefficients, a,

that m nig} £ @nltOB8oWRIRD sRARAUFWRD if loFRT tPESMRRS tHhBnhiRARDH! eds P@is‘i’&étd‘ rom
the calibrated sensor,f and the values predicted by this nodel, f, derived

f r om t he raeanscchtos thet daa bafbregiceioemingefossiserralatioy, avdngpef a Thmber dfevall-ng G be

the matri,x whose first col.umm is the aligne d weighted .arr.a ensor data
at posi {IRSRE Mg 4P SRS i L S IO O BB SR T R EARS br ot e
singl e 25pWE pHétsafRMefiberlat AmpidsSWhath RSBIntaPihe X¥nsond M8 cbAAFPLtRort he

scal ar vector a to get the best fit |inear scaling and offset values in the

| east - squaistes ssembag at diclseric)rate Gy, it equl@aepn 8t theone p£theaTE)waserducgdpt i s
this scal ar vdeﬁt or atat[ihtatalcotgg)ria es the. cal.i I% ation f({aCtI(I)trt(ei n tpi )

exanpl e) .S PHKEIAP g SRR FRTPYAIEP At AU He Thals TRREEDET HESguPdRg i s f or
cal i br at iraRs FRGEMNOS WDakPwapRisp&iioh Qydt&iBW RhRJd&ItREE ai®heRefidor amsthef web

i nspection system W3 (F6 This is terned cross-web calibration. Generally,

t he respordengiccier byssm éﬁé rewheohc sameriagtuses indle propgrty eleintgetst.i hpereki on

system Vwof%IérP%/)s?é e?a"h%?lr?é?%tt each one may have a slightly 5different

out put signa e QA Airount  of optical energy (in this exanple)
emam@t i ng from tfe)sampha bdicng)i maged. Hence, it is necessary to correct
for variation in the responses of the individual elenents in the web

i nspect i ddergifiet @ra shift betdeen the tebtdatanscsalwibg af tad trdatietime ofithichvecbdntwea web
i nspection system In qother words, for each sensor el enment that nakes up
the web itAg[ssetonsef estipgls opput senpsaad e raysenion ot e vt 8isshit

may then be applied to the data streams to achieve time-synchronization.

15 A combination of manual and statistical techniques may also be employed to determine
the shift value to be applied to the data streams to achieve synchronization. For example,
an estimate of the time it takes for a point on the web to move from sensor W2 to web
inspection system W3 may be used to establish a window within which to use cross-
correlation to get the more accurate data alignment from the peak of the cross-correlation

20 result. The strength of the correlation coefficient can also be used as an indication of
sensor errors, as the farther down web distance between the sensor and the web inspection

system, the more web steering affects might reduce correlation.

Continuing with FIG. 3, with the data streams aligned, the first and second signal

25 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).

30

The exemplary technique described herein uses linear regression to determine the
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10 each cross-web position, x,. This problemis anal ogous to the "fl at
field" correction that is often applied to canera-based inspection systens.
The key iwWOhloew/14872do this efficiently in a case where tRETAISAENY/0BES96

t housands of cross-web positions x, in the imaging inspection system |SThe
i nspection systemis non-uniform sensor el enent, or pi xel , response, may
arise fromdifferences in both the "background Ievel” from pixel to pixel
that is, rEBﬁo@hﬂﬂ%hd Mids WBrrélalid N RER, BePWeenl the Fisst BA stBRE 8HAKirtam< Alifdar
recorded when the illumnation source is turned off, and the "gain" |evel
associ at edgighsion lnatséoeamﬁwmﬂ tofvorlngnfbeisetly weld dorpansoss gﬁhlsma@g@@apan@d wth a

vere o Fupdiont 8o renfrft Msn B BeerRe et Gt s P b b8k or ound

signal, apded forlffr eaMBmMati6RSITRBSRr hifd Weh aRpectiONSyRoHIrehpbales. ®HOt her i mage
of a unlformt/ bright "white" field and characterize the response of the
St

chanyes ioramg @belad%mga’tléuwxdet rangﬁseofm m@asgredlmomdﬁ@ banlinear BEIRRgRs i s

nonl i near, t ha ints e re d qQ characterize the
Fesponse cosBPS A kit PO OGT B R AP Xt ol bR e RERSE et
response déahindimdAnbof Bhd6La btk HiRtanee bf @@5) drav@haticillyl diMichaiia byanE ce
intensity profiles, and sensor response factors can all change with tine.
For exanﬁngmtad@gfr@e inpgpEed ppcyy.s feﬂrﬁw@mm@@leﬁmmpﬂ@m kl@QVéthla{f%d by a
ref erence ?agglee[ aon%n aenllllgenionlin%glr a?é[t%d b ﬁqkh Sa?alljrhctgr(o le rfple a
30l i ne Ilg?l PRESPC SR TRy genlineas feay eV| ST G perametSis ot scan ‘aner a.
Def ige thﬁth@éa@asmyuﬂmswrﬂwdl Qﬁor@|g@ﬁ@altﬂtﬁl aﬂzﬁ@ﬁd: SEHidR0 afy wal-Rfloy t he
illum nation source as 1(x), the WD 2009/ 148720PCT/ US2009/ 041596

transmi sshée &t Karexamplsl & kersetmmoothagimay terpeplicdyterthe pbicevadsarisyclatiag
Spect | BRI AT fo YRR EPo QR IRAG 0RO By GRPT eSPONT NG
di screte s nsor response per is

| i near anﬁlt@uvmowea(myp@&ﬁ&&[ assunme that there can be a set of
anplifiers, at |least one for each pixel, that define gain along the array.

Then if 5b(x) is the signal fromthe linear array when the illum nation
i ' f ' R t t | i b
o 14 Sl o bl R0 90l Sl Wy OR 06 IR, LG e
ternms, asadfcunt cferadnty, nfay ey rittenysx) The goal is to find a(x), and

b(x), such that one ,can invert the rreasured signal S(x) and 10recover the
property T(x) ﬁfx ,t}i)(} \me;(x )ga(key; a, xr e transm ssion case above can be
generalized to property Z(x) by defining C(x) as the fraction of
i ght outhlmfetg((}x ﬁ):I gI(Speng tlwdtg@mi é@ta vaetpr, ahd ghis the psiimation veetor (i t  of

property t n[ (E tpgte e goa %io % d me fot{mg coefﬁc@rqt%l o, tﬁat rmn{m)ze thealgas)t
§ e 9y

c(x,2) Z(
20 squares error between the measured values from the calibrated sensor, f, and the values

predicted by this model, f , derived from the data from the i element 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

25 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)

alx)=(6"G)'c" f

30 It is this scalar vector « that comprises the calibration factor (in this example).
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In many cases of interest, neither c(x) nor b(x) is a function of Z, so
this can be witten as S(x) = a(x) C(x) Z(x) + b(x) which we rewite as
S(Xx) = k WOxposAus20+ b(x) 20where k i s an constant scal iPag/dSa@vos1596uch
that a(x) is the relative signal response profile, consistent wth our
previ ous notation. Since the constant k will be found during the |inear
regression step described earlier, we only need find the relative profile
a(x) to iTwetdal g 1§ézﬂ1®?&tln§mﬁ'e vewl m%ﬁefc)nonwst&nhm chidthtion faBlogCloiee because
sonetimes the cross-web profile calibration nust be carried out using

di f f er entapolied @l remgmiing apssexplosertieny @fmtsmsmtlomswnz%ﬁjffi@gTbrsoﬁuct| on so

as neith saturate rex the ins ste

rovover | i PR A SR n LR e e PP F s B R <t ¢ he
l'i ght sowoaridddehiinpbctiBSRABMEVS Afillatly0fieh the cfdibrie rhdy BEBArsABLhi) NPl Yy
imge the light source intensity distribution to arrive at the desired

profile, chff@m@wnputm@ab@n tltsesamwmnmﬁ/mhqaltdmergwr(@p@m@ycamﬂ)lq) GERYTIE i S
transnls%% cas eseﬁf}%nterest varli thﬂS th respect

Lo b it el PR o SE RS Ro RIS heqeV R, B PP ff y Ridtlon 38N e °oPCT

dependencgspoiscs of it 1h@1v[tﬁﬂl g6inehts iihd WdbSin§ROBséAEsteiRinUed&a8 obhaal ef ore be
f ound durlng the linear regression step. Oherwi se, b(x) can be recorded by

storing tagkbrtagriiata ﬁmmrﬁheaemlé¢ éfﬁbme@mmyétemn Ippﬁv@évv@r@eforﬁmhmnscanbl ent
production_con s i]lum.nation s of f such
Phat a0 g 8 hRR AERERle hishedlhlent PR e B BAR RS 7o
T (L®O = -dactSedobd- bvespbilhsxa(xx)ﬂﬁg)Jroblt(n%)smnalogoﬁptbahmteieﬂ”l @rreftic thhdig ar y
time duration chosen to average out random fluctuations in neasurenent

syst em noiftsa agplicdstogrmgra-Based Agpeption srtteras.i Brskayns haw touep ﬂpﬁ efficicatly i) . The
length of,
eng 0 aég%ﬁelgﬁﬁ%g ﬁ‘xfa bo% tﬁlcgdsggés oq’ c?osg Qw{%' 1tt1}g|)85 % ﬁtlpe 1%&%{ 1n§3%{:thc9n

measur ed ‘ah cul ar process, ods'

appropri aystemength for T based on statistical process neasurenents arc wel |l
known in the art. Provided that instantaneous deviations fromthe nean
profiles of a(x) and Z(x) are uncorrel ated variables during the time w ndow

0 {0t tteTod N8 PERGRRRRf Wb LA SFED, LKA AIRE Robie

quan ities’in S> represe
differences in both the “background level” from pixel to pixel, that is, the signal value

(although low, it is not necessarily zero) recorded when the illumination source is turned
off, and the “gain” level associated with the amount of increase in output signal associated
with a given unit of increase in incident optical power falling on a pixel. If one were to
20 turn off the illumination source, one could record a background signal, and if the camera
response is linear, one could take another image of a uniformly bright “white” field and
characterize 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.

25
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
30 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
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The profiles of <a(x)> and <b(x)> tend to be relatively stable with tine
(that is, downweb distance) during a given run. Since values for k and h at
a particuwearoc/i14grati on of the web sensor can be found @€3arseéolobrso@s of t en
as desired using the calibration transfer method 20descri bed above, the
cross-web calibration problemis reduced to that of recording a relative
cross-web profile <a(x)> that is valid over sone reasonabl e duration of
time (>>Tank@iska RacWanple dseH ), smﬂfam ulr'gﬁtcwueétea be tHEiaspicesR s stent frothe
profile of <a(x)>is found to drift slight |y during a run, then a profile
correct i dhe wah atve Pd@bmmagh@dntoghmg)rmpmbhm didcrptstsenson sothe diacar aarayonl y a

i b | ocat b d < >
my be 1 CYURFEDR R LT PHEFD 1 L atibetahby BESC RRhE Rl femed on
system e MREBE: Mg@hﬁefrs)rat RASRk For @elﬂ@i&ep&mu@ﬁn&%m hIGHE &d RRyCTRBEES t he
profile associate Recording the relative cross-web

cal i br at itdr) ipilef dignal fr@(rxf}le hnaa,r apay adwo it illgmerhtion lightsauade i80{aths sigagl a
first exanp s in production, a single calibration

sanpl e coll IHEB nghkg%lﬁ%e&r3%?‘3'0%0“1(?%““8?85 of view of each sensor in the
i nspection arrsy) 1:@(;55\@ 99/m§¥ag5dpg¢4§szq;@,9y eddardfinipeditt ad he rel ative

Cross-web response 8@0 i | ong as the property value, call it Zu, of
this sanple |sS(i’<)1— rHP‘ibéb@f) |nterest for the web and Cis only a

function "ﬂ1 aﬁl exa &2‘ arlrl'éitqg gs%% Cgt o\ﬁa clélr? bn%%rt%h%nmlgusuge 31%naY§Pxf)gﬁ gwtso be

known. 5A Set ros al’l

Bef og e am@hzefﬁlelpao@f@dlt{gjbﬁne“m%atmectl on system WB could inage a
contiguous section of a strip of material whose profile of the desired

property has been neasured across an area that corresponds to the area

o DR RROHGlATRL ok DBk OIS B MEREEOLGN. AUTHE Mg 2

pOSI tions mnmea

10cor r espgrigd fﬂgct@heimghtsouqﬁutttdsl thel iN§REGSH SRtedt p@ymlﬂlighﬁiﬂl‘pbt @dqRs enit bhe range
of the desired gro erty along the calibration strip does not need to be
conpl et el BfORMYf ﬁﬁenat@elg@wga%dtfw&réhq fignadfs val ues along the strip is

knoy\p t he vaI gfangﬁﬁ%kgg&g +}ﬁé%ﬁeratl ng range for a subsequent web run,

and is only a ot of Z. The points on the strip may be
phySI cal Iy ni@gi catsrof thtedesthn&the MERY a00b(x) e fanEtedn, ofd, s6 tas Sarcley wettad aon
anal yses may | Sbe used to match the known profile along the strip to the
nmeasur ed respo?r{§)a ﬁf"dé\(?t)h?e(thlbw elements. A third exanple method for
Cross- V\Bt{% 8l LRratkrng s to acquire an image as the web is being produced,
col l ect the cross-web section of web corresponding to that inmage, and

20t hen use and@(ke+ kadk) bxatedxpensor to measure properties across the web

SarTE)(l) © atwhere k 1s an constant scaling factor, such that ou(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

25 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)

30 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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positions corresponding to those sanpled by the inspection system array

el ements. Several -rows" or strips across the sanple could be used to
reduce t hwoinpzas720f noi se fromthe different sensors. @ATASAYWRAIOMS¢ hi S
method is straightforward as long as Cis only a function of x and not of
Z. 25 A fourth node for performng the cross-web calibration in cases where
Cis only a function of x and not of Zis an iterative nethod that updates

the crossiebregRkdibl atep OOtIQ:'%\Qfsb | 1§ x ekl me&fr@&%ﬁ §t8n@thetsiRal@lin aFor this
fourth node of "performng the cross-web calibration, web I nspection system

V8 is corpferaed safipleiin hiare dee natma watbicnh arofueiedn @odiiossexcepewish the i | ar
make fi xe ns or,a novabl e sensor W2, which

feren cro 0
can be I d 'él?lg]&gg? S%lgglee{” %?W}é\ﬁglﬁatt Og%‘os VB €ati ons, or a conbi nation
WO 2009/ 148720PCT/ US2009/ 041596 t hereof, together with a tine-average i nage

fromthe inspection inmage. The nunber of cross web sensor |ocati ons, call
it M howdeapw deding atinkceavsragidnignhlesnunber of sensing locations, P, in a

web i nspectio tem hat I’ an i magi ng system (such as a
line scan carre@})? T@\%?b 3 (gg%(t"j @If{fel d only a coarse estinmate of
the true 5ti aver efocross web) terlal ropert rofile,. <Z(x)>; in
gener al , r[%n% 1%3%1@28{?&3( ameglypation ﬁseéltt%BY% g&( é‘d?)& wi{ugsioas glhat is

rel ati ve'rMedgﬂﬂeh%myste%l L& ws@@ﬁalf}%nmh krueﬁaﬁ&ghh% WA 2ixh NPhe

process. So, for exanple, tinme averaged data from say, three web sensors
coul d be la@hiof @ nfdytneag td loe aadja%@cbmtomim@no the pfopery baing wicestr¢dkimd th¥he fi ne

spat | al detal S in <a | ated to I S|nthe
T B R et g ol 2 P S i R ractors,

are cont %itd'fﬁgcé'\\?}(wegh BedsuPBrcAKe 89 1 Khwa iNBR o5 I1&ided Bhi inStanaRéath>-
therefore record <S(x)>, conmpute <a(x)> using the recorded <b(x)> prof| |l e

and <Zestdexjationsfram tb@mleampl@ﬁdﬁs off lex X andeZ(p) @k iuheorxdd{txd »aridbiissiupngtiess can
be repeated, often.with th %s# cl Hsmn of noving one of the point sensors to

a new po§}r??8H1dt9PNo@%m\Kﬁetﬁ’t 0“8 Updat e the accuracy of the <Zesi(x)>

profile and h 5@2 g&?ﬁgj{@ \['h (P imary issue that arises in this
ti me-aver age f |s i ngui shing between cross web variations

in the webhqe th@equtalgrtlttt:z(11>1<rbraichfzts> mpecscrish@ameragcs.n tinme, for exanpl e
streaks, and variations in <a(x)> that are also constant with tinme, as
m ght be caused by, for exanple, pieces of dirt fallen onto the

FT T um nattiny b /i @Rbf SQUNS 8nd kPGP RAHAS b@%lﬁls%@fﬁﬂ%bvﬁﬂh(lﬂﬁ@dt@aﬁ@'dé&hw%" ch
can be driven'to the location of the streak or to several positions al ong

the prof idigancs) datfingos given tune Siecenaluondtr lpmdeattt%am&m@sc la@atton®§ ¢hepoeint s
compr: seacpine G RE st Bt o R e AT R s PR R D el Lour
pur pesel YdekdmRdtabvd, leairbdéBveb calibration problem is reduced to that of recording a
relative cross-web profile <o(x)> that is valid over some reasonable duration of time
(>>T) to the accuracy levels required for the measurement. If the profile of <a(x)> is
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
25 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

30 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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change in the cross-web alignnment between the inspection system and the
web, for 25exanple by steering the web or translating the entire inspection
system arwarouwi48?e rel ative to the web. New profil es akCm/useooeZgssye 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
conparison to the profile data prior to the displacenent. The anount of

novenent hgastitiedrcRnt draleRRBGcdppaf frbflc evabag 8 the dedRtty QBlukeNcati4( %), > and
30<a(x)> and the signal-to-noise ratio of the %lne-average measur enent s.

O her netdidlls samplhtis il thorange peudires fergpamehiand § ioedy skinndtiod of i antheotzeft , f or
exanpl e | oyi n ual 2009/ 148720P S2009/ 041596 i nspecti on systens,
such thamee ’ﬁafﬁv@l%il%%f(%%?’fg& oY hexe %(éeli%)ﬁf’dl' <a2(x)> corresponding to the
response both inspection systens have cross-web profile disturbances at
exactly the sanme cross-web | ocations at the same instant is negligibly
smal¥ . 514 sgone cearppldinmaslindsof orere-webecabibragion iisus-fallewagBeforamarb priof i | e

obt ai ned QU@iQEHHOHﬁ%] mgb g; du%?'on%%s ysgy tgrcorre%t f Qr ixe%-to-pixe
response RIAT{APTOHE MANGPRS SSHRM ° FUNDEPES PG R A BrMtR 8 poi nt s
used t0_GRAEEGAwHORE pRIMNbYthY AEMADrERAYIRS bbdh thbBuRKIAREsYER adlihdr ati on
nodel . The a( x) vectors forma cross-web response profile, and could be

used to tooasToadsta the afoayprvead rscasas ckamanis that germpriac svgb iltpaetead, system
guanti t atgve i e 10of the cross- .and d -web variat.ions i.n the web
oroper ¢ &8 i B Roa S AOREAARda G N O TR B EBR I £T0m i s

bei ng pr aBuegsbnaigtdi@ndntdid tad thspdiah @etaperd @dh aabday tiduangiorahd dire®o f ar
we've dealt with the case where the signal dependence on Z is |linear and

separ abl @ropesgadeng the calfiratiastiripdessarotreyddo by campistety yndening as leng astlg

et er! dioRS o} BRRL bAT 'S5 BRRRk: ¥eSpReR L LAER PRI e fURR 2OR L ey

we desi r gubseqh@tGvedsub dld igbhlysd fiAedion & yandaiodof ZalThy psiatsrsl taé egipwi t h t he
property Z, albeit in a nonlinear fashion. The sinplest case occurs when
the x andn® brepliiraly ressterad withredenaabeeidhe array or prpssoarslation analysay sy NI ( Z)

t hePS we S[;erﬂ%(}( todlﬁgtjcﬂ TheknldWi ﬂ%{)ﬁfge‘dﬁ&ﬁé tgle stﬁpitz) ﬁ{e%}lea%ured response from the array

elements.

A third example method for cross-web calibration is to acquire an image as the web is
being produced, collect the cross-web section of web corresponding to that image, and

20 then use another calibrated sensor to measure properties across the web sample at
positions corresponding to those sampled by the inspection system array elements.
Several “rows” or strips across the sample could be used to reduce the impact of noise
from the different sensors. Once again, this method is straightforward as long as £ is only

a function of x and not of Z.

25
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

30 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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and proceed as before, substituting 4(x) as necessary for C(x) in the
above. In order to recover the property Z, we would need to know or

separ at elwocadwasave the function iv(Z), 25and this funeCirams2ewookohave to
remain stable during the run. In the case of exanple nethod 1, we would
need a set of calibrated sanples spanning the appropriate range of property
val ues of interest, each scanned across the field of view of the web

i nspect i QRersyS iyt withe tRh@Rerhdy hlag@%oﬁ@them%aicﬁqﬁﬂga O hiEbdRlopduct i on.
In exanple nethod 2, a set of calibrated strips could be used to span the

desi red properabscnsondeeatipns, edhipl.cho3@iver, voldr Bss dey dreatluntrcp 96saneingsanpl es
may have to be l | ected and. measur to characterize the.responsge r.ange of
The wab iERE i €5sh epostiTTrna e s i BL A b it SRR Rubi

2009/ 14874 QRE/ sk HA 136w dbkRE{dr d6tatiohPYiBldnlyH4 ¥daricSeskif@Wbfahdirh®ri, a

smal | er nunber of calibrated sanples could be used. In a nbde enpl oying the
i terati véimettrseegrosshecnmatcrinlepioperit rotis, dé60F | heagneral hiets adovate.suf fi ce.

5A concept ual | Pm approach . can al so handl e th st, general case,
ot ove (oS Bl G G RRE v R PR LM G i TR BEVES cpan the
desired Chirbnaf mofufiange: ]‘IM)E&SJ Bb, fot TkankflOWiné Her@a a®aATdh Say ARfbct hat t he
set of neasured responses Isi_ A corresponding to these sanples arc recorded

at mul ti pred ssnegs couwd bposdditodiap tova squead wides erofde fardsex ke bl posna spetial, j = |
to M thai_ are require end t he snmoot hness of .10t he functd.on 14=c(Xx,
7y and t neSidnr S8y oB0 ahFRR S tlacale-FR ) MRTnRaudr byl DR Od

exXPey i enake KaSosispunsé hat gdih icturiiber caltaibéDsBhinelimah i@ drog- Pl §ikgal M
can be much | ess than the nunber of sensing elenents in the inspection

array, P,prefe. €He)XaMe thegetne toporsk <Y ake somputemodrrsusingHan eecordedeb{X)Pst
ti mat = be.. ' fitt | h the M
oo L e AR 2 R RS R RIS PG P AT bR laEl D

| Snet hodsregealed, dhien withsisc inelasiph of o@hgtmR of fRpdde skhEafol Mehwypespiitat ed as
described in nethod 4. Exanples of the analytical nethods used to do this

woul d be GiQ¥iW Fherasitionds updae ficasciracy alsths <dhérle noblgraaddensec-afstel f or

4:115(x, Z) was avail able, and non- paranetric kernel snpothing techniques
in cases where the nodel for C =4(x, Z) was unknown. 20 FIG 4 shows a
vari at i onmmheprinhgy $8tu¢ithadfridchén Bsairhé-badrhyemeiivdisngatsorstigimgosbiapibbedcabove.
FIG 4 is the sane as FIG | except that sensor W2 is nounted on a

cr oss- welsTessarebr@Fiatiens ig haApeb PiRRFEh <Abvadhad arssonstont Wigh Yegeioarxampler eet

i e SR T

for egample, pieces of di;t fallen onto the illumination light source. Incorporating a

20 repositionable sensor which can be driven to the location of the streak or to several
positions along the profile to calibrate the actual web property values at those points
solves this issue, again without calibrating each sensor in the array that comprises the
inspection system in this example. Alternatively, one could purposely impart a relative
change in the cross-web alignment between the inspection system and the web, for

25 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

30 <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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25be automatically noved (controlled by quantitative imgi ng system W, for
exanple) froma cross-web position associated with lane W to a second

Cr 0ss- webwpasivisgrroassoci ated wi th | ane WB8. Enough sanpC&aiSadoofoglsae
down-web section of web are taken at each | ocation so that the

cross-con-el ation and regression nmethod described earlier can be used at
each point. And although the calibration at any given cross-web |ocation is
limted 3RiRcEOEsyRABE RN tAlheskSRasn Bt Both kogxpF 9@@4&%@)& Qrrekshdngd over
the sanpled interval, the calibration can be easily re-done by returning

t he cal i begeogspoens bethtiespeeifeonswatems deve ¢ross-wilDp RO s U8 RRORCT CUS2II0B¢ 041596
relative to the arr ensor,, For ex | e, after sgnme anount of tinme has

el apsed 6?m§8ﬁﬁsawﬁﬂﬁ?ﬁﬁ?s%é86ﬁ%%eﬁﬁﬁgpﬁyfgﬁ?ﬁmﬁﬁﬁ' he measured property
has changed by a predeterm ned anount relative to the data range spanned by
the previous calibration. In sone cases, a perturbation or set of

per tur batlheame cabodiengpis fosst pf atitecdveree hignpreBleobtandi disingawentlhe range

of the measured aronerty sampled during the calibraion. Wb vel

i nspection s%g %ng@@s%- u?ﬁ% (i_%é)%é1'8%§ eab §F§?isfléé1 P o%gssing

et hods, AuiB@e oPEBSLHSh BAibaMtaRAJditEBscNg codbdt €6s160I50aRY A BilingadinARe used t o
separ at e, cIaSS|2§7 and track the severity of defects against benchmarks
est abl i sheessivebseadiheisiod imasigl. nBlter o), vestsh o mascrpss-welyfaspense nepliliang .

| nf or mati on, about ,def ect.s ow quantifi.ed jn .standardized trics. can be
Loeq Tor IARAEg SEkERTGm AEMBEIMN'SUER doh RIPLEEREEE ol G mafe
proc@ss pEtRIBHEE Snd BowalewtbiviayiaGaisSe tindelepiopetics. eTiat nds Rhpthe afurtier ,
information on defects may be tracked over nmultiple runs to assess the

i npacts dhet it eaadsatons whdls ddmgs beingpraduged oot lipe ead ypdasethimgedicalfye

i nformati '%Q/ the defects may al so be provided in conjunction ISwith
rol | -maps to~ensure a standardi zed, confirmable product quality level. A
skilled artisan will recognize many variations on the system descri bed

thusly. For example, the system and methods thus described could be adapted
for use wafsr wa vigelsalt Hathebe pasa vapes basigapsicperdenes omZps lingsr ped/sqpprablone scan

ca as. _ [ ect ] tem VB
el udes Tio 1 ARRSL BRARE 2GS TR A Miab R ARSI Snes
WK | and paKasitywhit stirferoeginess when aptias souttehndistiikely targempbrtiie Bt thi¢ and
second |line_scan_caneras, respectively, that conprise web inspection system

WB. Si mi liaptil)theisHpationBefrwagestigap ipngas Msulighé gignel ia mongiogically cemelatst er
devi ce, -ad] [ i | i f

possi bi y f IREHIRG e dh » il FRKED. 3P QB e ohle Bkt wlon nC0y
Exanpl e: Opdpcaddnclogms{ taye scydrablemmniat rated the ability to nmeasure the
opt i cal densi%ﬁ of a_carbon black coating on a web. The property of
inté¥est was t éﬂgbfﬁ@%N(abnsity of the carbon black coating at a

then we simply define a new property
Z=y(2)Z
and proceed as before, substituting (x) as necessary for {(x) in the above. In order to
recover the property Z, we would need to know or separately calibrate the function y(Z),
25 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
30 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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30wavel ength of X=10604 nanometers. Optical density, "OD/" is a logarithmc

measure of transm ssion, T, of the coated film as WO

2009/ 148 ORI/ 1482009/ 041596 5= light intensity traRSmuse@d/ostspouUgh
film/0=1light intensity incident on film/ng = background ambi ent |ight
| eakage with |ight source off and film present The carbon bl ack

coating obeys Beer's Law of absorption, so light transmtted through the

10f i | m f ahhQwnaMRSM ST E(H)is KSRHDS bFigki€a JBXRE ndn®eAd T Al brit@dhiptg)c8did(bea
SIibSIMC (2)e substrate) - Oexp( acoang 1:substrate()1l)e coating)(3)

acoat i ng wad hsubsdacmplaymettheiterbgoy mrihod 4chemphlineanmsthefls tessribededrher and
substratqﬁ rgs@ﬁctively, at the given wavel ength 15(coating and

-ubstrate %P S %ephysical t hi ckness of the coating and substrate,
respectively rsubstrate and Tsubsfrate are the anplitude reflection

coefficient and the transmssivity of the substrate, respectively
5 A conceptually similar approach can also handle the most general case, with C=((x,Z).

Assume we have a set of NV calibration samples that span the desired calibration range with
iz }Zl known for each sample, and that the set of measured responses {S, }Zl
corresponding to these samples are recorded at multiple cross web positions, x;. The
number of cross-web positions, j=1 to M, that are required depends on the smoothness of

10 the function {=(x, Z) and the accuracy to which one needs the final measurement. Our
experience has shown that the number of cross-web calibration points, M, can be much
less than the number of sensing elements in the inspection array, P, for the vast majority of
cases of interest. Hence, the first estimate of C={(X, Z) can be obtained by fitting profiles
through the M measurements for each of the N realizations of Z, as described above in

15 methods 1-3. The cross-web profiles can then be iteratively updated as described in
method 4. Examples of the analytical methods used to do this would be nonlinear least
squares in cases where a parametric model for C=((x, Z) was available, and non-
parametric kernel smoothing techniques in cases where the model for {=((x, Z) was
unknown.

20
FIG. 4 shows a variation on the setup of the quantitative 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

25 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

30 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
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Hence, optical density is a nonlinear function of coating thickness, and it
varies wth 20wavel ength. W installed and calibrated a custom near

i nfrared WhI2R)9/g81280r to nonitor the OD at 1060 nm (t hi ®CTAISS@V/041596
corresponding to sensor W2 in FIG W. The target NIR OD for the coating

| ayer was 0.8, and the substrate had Tsubstnte=0.92. The neasured coated
substrate OD=0.84, and an independent neasure of coating thickness gave
t=1.18 j .rbmtivoMy BB akriPldngst. ef(of\exa_ﬁn%l@,%e'ﬂ Rme arhor@RITtikne R Wfaps& bRl 1 on of
0.02 jim (20 n 25i n coating thickness corresponded to a 3% change in
transm ssinsnge! wek-h@a®naby, ok whaneheg owasucehproactanbiasi cheagrddyeent | ine |i ght
were used_as_ the b in tion,.s em (correspondi ng to weh ins tion
oyt em varrr o induth RER S iRl bn SO SRER Re il EBonBRETE  he
uni f or m tpnRfcadlad pABrbatRMIFsSSrPRrtAMaAfi oM thePufpossly @88ed@Rhd pRk ks @
30view. The inmages were nornalized using a tinme-averaged inmage taken

t hr ough ancrassdhe wags obbe mersuredipiopgrta samhped dwael dirgalshraéon.i me to bring the
signal into range) to WD 2009/ 148720PCT/ US2009/ 041596 account for
variations in light source intensity profile and canmera response with

Cr 0Ss- WebwRASIcbiifdpectiditsyNER BBNsAItpWaBud QCiBLs, tatitfaPhoesting dAbEdsd=12
inches up-web of the line imged by the canera near the center of the

caner a f iiglage procgisig, algarhmp andipatierpeesogitipn edh b usehéo sppmtd, clagubheyd as t he
line rate_of .the. caner ince the web s V,. 5 kno t.he tinme

del ay. betlieeis et TR S s iR RN B D PPt MY, ana
thelNl R datiResdtéedinp@nihi fnf@ehation Wwesd defectsl By QWarftiicd i) aid8diz€d metrics,
approxi mat el y aldig)n the data sets. In many cases, such "manual " alignment

i s adequatee bepeed fonendise feebyckauprnduct aralitieorsombinggyvithoothpi RiAceshe

el e N NP L R R
peak in tharekebsves auleplatimno Seed the mpedy addtlcaffpissdinml &ithalatidus

Combi ning the cross-correlation nethod with the apgroxi mat e val ues, we knew
f r om t he RER¢ses Phrngesal Thedptprmpeensabour Birelgfast mey alse beprovigied pi epravncgient t even
in the pre S j.od] ' e | OD of the web.

| ST gr e v@?lg%(rfllgm? éﬁ tt% ee?iglglg\r%@%&%%? Hg?ﬁoﬁ@%%ﬂﬁ[y@?ﬁ% acdgﬁg/ﬁg? el'so t he spectral
response was that of a typical silicon charge-coupled device with a peak
response wavel e%h at about 650 nm and m ni mal response bel ow about 400 nm
and above® sotled asan wilbieregnigomary varksias Ggiersystamidepgstbot huvbkFarhe canera
view the SafBie ARG Eh MRAs RS IR MiR1IBIRH e acTfid #51RE hinah ggect r a
absorption profile’over the canera response range re unknown, t hough

we knew tihgetti@nsRicastamprivas of apkiralnhenlivt ssardamves. FiG.s shangent Bach out t he
outset. Negl ecting background |light |eakage in both sensors, one_can show
that0in tHpeMeREEre Weheingtorken systerp MV Wahides adliner6as fARERHNSTISONBE i gi bl e,

and the ftﬂé}l Qé/\f.ngtgually placed at lanes WX1 and WX2, which correspond to areas within the
range of the first and second line scan cameras, respectively, that comprise web inspection
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-

25 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
30 wavelength of A=10604 nanometers. Optical density, “OD,” is a logarithmic measure of

transmission, 7, of the coated film, as

20



25 approxi mati on holds a.r(1060) OD(1060) ngOD, (v 1060 nm could a(v is)
(4) be calculated (5) r "a ",-0 as) ga coa""g(vis)'ng such that for any
gi ven pi XD 2009/14BE20canera, the OD at fromthe visible tPramars@siogrsogdat a as

D, (1060, pixel) =log, O J]T(vis, pixel)] - 0.036] o(l 060) _
OD(/I): —logy, [T(/I)] (1)
where
I1-1
T e )
Ty =Ty
and
5 ! = light intensity transmitted through film
Iy = light intensity incident on film

Ing = background ambient light leakage with light source off and film present

The carbon black coating obeys Beer’s Law of absorption, so light transmitted through the
10 film follows
1 (ﬂ' ) =1 0 (ﬂ' )(1 -7 Sibstrate )eXp (_ acoating (ﬂ' )f coating )exp(— L substrate (ﬂ' )f substrate )

)
=1 0 Tsubstmte Xp (_ acoating (ﬂ' )f coating )

where
Olcoating aNd Clsubstrate are the absorption coefficients of the coating and substrate,
respectively, at the given wavelength
15 Ceoating and Cubsirate are the physical thickness of the coating and substrate,
respectively
Fsubstrate ANd Tubstrate are the amplitude reflection coefficient and the transmissivity
of the substrate, respectively
Hence, optical density is a nonlinear function of coating thickness, and it varies with
20 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)

25 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
30 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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The 0.036 offset arises fromthe substrate transm ssion, and the last term
in brackets is the 30calibration factor for converting the visible

t ransm sswono@ausr2znecor ded by the canera into WO PCT/US2009/041596

2009/ 148720PCT/ US2009/ 041596 infrared OD units. Using our a prior

know edge of web speed and di stance between sensor and earner allowed us to
manual |y shift the data sets into alignnent wwth the aid of side-by-side

plots of debsud: & Wdaih@orkah !ngﬁt- sow&etiﬂ@ﬂsi@gjraﬁmﬂdfcbﬁeﬁqaiﬂoﬁg: K bRss-Qfeb

ant', g(vis) in eqn (5) until" we mnimzed the |east squares difference
bet ween tresitighi dhedNIBdansr s@s ncatedal digjanes of ebetie=d & gcbss i ehef Hedine

d i bed i er.. Exanple: Retard d i ti Fast Axis f
g rof r i nBREEDY s caRRThBEEGrACERRF AR delFiier dhllhs B85 gur ed to
noni t or  aphipAlat HHeoRAkiT RSy ab ORI 1ief tatcngend cARIry,pr Spckemewtb bgved) ) this

case, the filmstretching process orients polynmer nolecules and creates a
"fasl" oprésdalowaxihs timemdahay bepwien thneengo iy dafe Bloermseni ng t hat t he

refractive index jin,this, di tion i.s.sljightl.y |ower.than e refractive

| ndex medDBIEATEeh 4 o i NI gHE Coulf 4f sttt fpyr iRy 12 Pelliber e

fast axi sppfoxi@hte5ulish tid Meslsdt® BlhaHy @¥a&Cchlch “nitntifle aHeAvRBs fdcgast] on -

downweb a |qgnent is the target, |Sbut variations in the process cause the
t

ori ent at it theqcgary dependieon tiagecugicy3oarhigvthe sppacationtbstarder doribpcehdi ces

al ong th%,£&§§n§qd sl ow.axes are.,un al ed al ong these
axes becone ot i

equal., .l i ght waye l,ar
I s reRn, MBS gaRslevilry s8R by Tl oF e R hEC” o T e
ret ag dat i sBifft adsbeihed Wi the pedkain €hd @bar ehartion Bpectin Reabitiehpprogaiate fil mis
defined as Ro = (12 -nsA)d(6) 20where n FA is the refractive index al ong

the fast valies (opbiniap phecrasseprisfationmgthed wibk thegappraximate values we knew

from the experimental conditions allowed us to select the proper shift even in the presence

of a somewhat periodic disturbance in the OD of the web.

15 There were no filters in front of the line scan camera, so the spectral response was that of a
typical silicon charge-coupled device with a peak response wavelength at about 650 nm
and minimal response below about 400 nm and above 1000 nm. In other words, there was
no attempt to make the camera view the same spectral window as the NIR sensor. The
details of spectral absorption profile over the camera response range were unknown,

20 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

Ao yrine \ 1060
ODcoating (1 060) = M-) ODcoating (ViS) (4)
acoating (VIS)
25 such that for any given pixel on the camera, the OD at 1060 nm could be calculated

from the visible transmission data as

oD (5)

coating (

1060, pixel) = [~ log,, {T(vis, pixel)} — 0.036] {

acoating (ViS) :|

acoating (1 060)

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

30 calibration factor for converting the visible transmission data recorded by the camera into
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not necessarily exactly aligned with machine direction) nsAis the
refractive index along the slow axis dis the filmthickness 25 The poi nt
sensors (Wore@spEsndi ng to sensor W2 in FIG 1) were set ROTASeII0MEDG t he
incident |ight passed in series through a polarizer, the film an analyzer
(a 2nd pol arizer crossed with the 1st), and onto a detector. Both the fast
axis orientation and retardance WO 2009/ 148720PCT/ US2009/ 041596 where

i stands qhfrhy@l JPunk2WsiAXbsr 4 Fiddri RhoWRHAS SBRNEEsp8N S8R diMtah& bdiRe& gnal
voltage Ais a gain coefficient accounting for light source intensity,

ref | ect i oansongresam@déliowet us to mepeiyeshifaimd danprisfuiteraligamenttwidythe gid ¢fe angl e

of the fast axi.g of .t fil measur 0Si tive fromthe downweb machi ne
i recti onteey fide plost affps by RAT Ve BRE phipdBe ILGAER LOBr B o
positive LW T 1(0R) th&n %ﬂmﬂw@ﬁﬂﬂn&@d@ﬂm@gﬂs rdsQfffedeficd hiewwai@k angidd of

| i ght usedcftf:a(tg)rﬁeg y the wavel ength of ?h[he source and any spe%ral
filters idatef seopnanaddgauléo detregression methad dexsriped ¢drlien r et ar dance [ nnj Cis
an of fset coefficient (generally near zero) accounting for background |ight
t hat | eaks through polarizers when no filmis present, average

depol ar i z@daniphe: Bo@drddrck Bhd @ndnfadbn SEF &t ARRY fof BatfrifobsEtiims

Point sensors and line scan cameras were configured to monitor optical properties of

10 birefringent polypropylene film. In this case, the film stretching process orients polymer
molecules and creates a “fast” optical axis nominally in the downweb direction, meaning
that the refractive index in this direction is slightly lower than the refractive index
measured 90° from this axis, that is, the “slow’ axis. However, the fast axis is not
constrained to align exactly in the downweb direction — downweb alignment is the target,

15 but variations in the process cause the orientation to vary in the range of £3° or so. Since
the refractive indices along the fast and slow axes are unequal, light waves polarized along
these axes become out of phase after propagating through the film. This is called

retardation, where the in-plane retardance, Ry, of a birefringent film is defined as

Ry = (nFA - nSA)d (6)
20 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

25
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:

30 V, = 4 sin* (2B, - 5,,)) sin{%Roj +C, )
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The FA and retardance sensor responses differed only by the coefficients, A
and C, and the angles of the polarizers, that is, nom nal angles for

flu. FA= -woQoevidsa= -45. Values for A C, and for eachPSESo0090erse6
determned froma calibration procedure, and the source wavel ength was
known, so the two sensors together neasured the unknowns /3FA and Ro.
20Sensitivity analysis showed that when the gain coefficients were adjusted
to map theygetgnals into the range [0, 10 V] for films with fIE4 in the
range [-5, 5] and RO in the range [45, 85 nm, the filmretardance val ues
had to be taken iswnlsgthaunr faptesis @raloy zétigandescrmrr esponse, wher eas

i ncl udi ng the I;rue hFA.angI & of the film (conpared to assum ng a FA angl e of
0) had only a'm Ao Y $BLYOH8%t he retardance val ue conputed fromthe RO
sensor. 25 Ling siganamaimifasent a&dduasRORAIREt oardeahtchi5H edlccOdh R¥gkem VB in
FIG I) were setup down-web fromthe sensors to view polarized line |ights
t hroigh the fil mdegstorapspopsee prd erapkfi¢grgant ed on the canera | enses and

crossed with the respectiy | ari.ze at_served as. t il | ugi nation
cource. Bxceptidp TRl B biESt el mEShig psR Tt ok e 50pi xei s
near the center ofovdebihadheéhcdirc¢tignw recei ved signals at near normnal
incidence (to the web's surface) obey simlar response equations to the
above. Ther ef ofe iBfheadnighmifibe { H@olapgrpeoixis greoret pustpoOMofesgle caner as
such that the poi&)twnsweertl)anrcﬁl\l%e(ﬁreec%ﬁ hin the center of the field of view and
synchroni zi ng the canera 15HE YRe%W th the sanpling rate of the point
sens@rs, coul di usig tideal@gth GrdheL@idi (Qstcmided BYTRSEV@RngMaITahd Sosce
described earlier to transter the calibrated responses of the Ro and FA

poi nt sensors to adenyspeqtial filierg & Fontrpfithedstedgadnmie Ro and FA 5carer as.
Not e that this,operatiqn S ly on-line data from production film no
cal i bration sfﬁpllgg%mégtgrdégged[ngg characterize the response of these pixels.
V¢ negl ected FA ofhgoffadticosificant aichemty aedpbry) absouhtiig fdi®allgrowrrideht si nce
this had only a mnor effect, as noted above. For the FA innmage, we assuned
as a first approxthatdeaksihiongh paletipess whew ap Gm AeRIgsANE G VBRALE HePQYiZatios ensor

V\B.S}é,l.ni form al Ongoftfﬂﬁl, ent Mne_zérggﬁwﬁpgly\&gsepy the canera. This worked fairly
ron ce cha

welI7in this applica , sin er and casting wheel speed variations
tended to.dgm nate variations in Ro, .and such variatjions show a
i me- var y1Tig B! HTERIGE SENERresRaRyd RSt ool he e QriTEEr R0 628 e veb.
I n this vigyiesWetdigbrizeReRdt ffspndrﬁiﬁhlsatn%[estf&eﬂ}ﬁj‘@-10°rhﬁd?fo, 3P Q3MEVAed Prensure
that the |ine arrays were exactly 15parallel, although such an operation
coul d havt Ghead fdbnmeach sensor were determined from a calibration procedure, and the source
wavelength was known, so the two sensors together measured the unknowns fr4 and Ry.
20 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.

25
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

30 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
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WO 2009/ 148720PCT/ US2009/ 041596 What is clainmed is: 1. A calibration system
for a web inspection systemused for nonitoring a web of Smaterial, the
cal i br at w0 26849st48T20CONPri si ng: at | east one web seasars2@omiisgured to
receive signals indicative of a first characteristic of a first cross-web
portion of the web of material, and provide first response signals
representative of the first characteristic in a calibrated unit of

neasur emeRinera3duéh fhiaf Bt pomn@sSsvRRVROWiththbebher dRRS it viddead dth of the
web of material; 10the web inspection systemconfigured to receive signals
i ndi cat i wendfroninmgithg eamarininatewith thesaptpling gatt iof the poimdsensppshcpdd ubon of

t he web material and at | east a second cr.oss-web rtio a rovi de
second ante P o rlaepBiod resrERih e BPRS e ABRUET o Raborpiips SNbAES

char act erresjonSes®f R, dnd Y p&ihOesse B BekEhtaN padet ih iR BesRAd R} AsEFAED
portion respectively; and, 15a sensor-to-inspection-system calibration
modul e t rameeasaNorethat thes dnicrasion sy en-ding datadroamprodhetianeltlonaor esponse
signal s t%hﬁﬁﬁj 2 ﬁjrstrcalipr%%h9prpn e“,to thqﬂﬁecondlresponse signal s
to convert OL LG VESPSRS E SGial s i Mt §° RN Uni 't I6F " treasur ement of the
first response signals. 202. The calibration systemof claim1, wherein the
web inspection systemis a |line-scan canera and the web sensor is a point
sensor. We nggleqthe FAxrichtasion garighions eampletdy rihd Ro ippgeesipcetthis hail galyl &

i ndi cati VeinoI ﬁecftiar Snt t c(;iha@r aeCtlgorritﬁt 13& iOf & fei d gt & a(l)ssas_n\‘gﬁg r8{i¥nia on. fatt he
web of materi &l are 86%i 8Y'signa §or 1880 WO GSURe cafl At P oh system of
claign 1, thelR, h&lue BRAFUTEBbNGE point sensdr FRE O britelormeths @htile itk ivisweithyt tBe
receive signals indicative of the first characteristic of a secon

cr oss- welsapsra i Bus worked daigly vk inthis epplidationrmencs cheticd and eunting wheslpoaed
signal s represe i .the first characteristic.in ibrated unit of
30neasuré%@%@%mg%%%dxiggéfﬁﬂ%ﬁ%ﬁéé%g%pgt%F%§§%§%¢¥5ﬁ§g@§§§éﬁgg %bration
modul e addifih@nab thiclared a@sling more or less uniformly across the web. In this way, we

didn’t need to register the two line scan cameras to ensure that the line arrays were exactly

15 parallel, although such an operation could have been done.
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WO 2009/ 148720PCT/ US2009/ 041596 the fourth response signals and the third
response signals to apply a second calibration nodel to the third response
si gnal s twWOcomwes120t he third response signals into the BOINMGS2@P/0wEsas ur enment
of the fourth response signals. 55.The systemof claim1l, wherein the
sensor-to-inspection-systemcalibration nodule additionally determ nes the
first calibration nodel. 6. The calibration systemof claiml1, further
conpri si ng: a cross-web calibration nodul e that anal yzes the
second resgonse signals and the 10third response signals to apply a second
cal i br at iWhatiedleimedist he third response signals to convert those signals
into units of neasurenent of the second response signals. 7. The
calibration systemof claim1, additionally conprising a

Cr 0Ss- Webr sensQcpashtidodyisch R d B iRRRERIH #BtchPudREl P Henifdripal we HAt cause

an automat ed device to 15reposition the at |east one web sensor to a

di f f&r entmateinalsthasbliyaiien sisteof carmprismdy of materi al . 8. The calibration
systemof claiml . wherein "analyze" as done .by the. .

sensor -t of nspet iSOy Eteril PRI TP I toedtr Sl Ri2tee o6 ot i cat i on of
a regressihenciBidgd ofoNfirPeadtawthgbgidhiof thedlet dmitbfis! addEsBoias Ersgirgpahe and
the second response signals. 9. The calibration systemof claim®6, wherein

anal yze" saghafiopprepptative of (hestersigisrastarise iy a epdibpaserliimit elonpasugaent, fsald
application of a regression del on data jndicatiwve of .the second response
o onal e Aot Eheyo REPELRER IB° Beg Ul SRt B ' PG lalem of ol aim 3

wher@i n t he wahe ivabRBHEIIA sFUSIEIINFiSurd® VirevEiRe Siignalp intkedutiot of the fitetb sensor .
11. The system of claim 10, wherein the second web sensor is a |line scan

camera 3 eicgsiicef the fire ceasyerebingriansofithonraef watrigh dnghas inaptad soponthe entire
W dth of c&gs%-v\&\éaobpo%iorg%glg Hoa\lflide second and third response signals representative of the first

characteristic of the first cross-web portion and the second cross-web portion respectively;
and,

15 a sensor-to-inspection-system calibration module that analyzes the first response
signals and the second response signals to apply a first calibration model to the second
response signals to convert the second response signals into the units of measurement of

the first response signals.

20 2. The calibration system of claim 1, wherein the web inspection system is a line-scan

camera and the web sensor is a point sensor.

3. The calibration system of claim 1, wherein the signals indicative of a first

characteristic of a first cross-web portion of the web of material are optical signals.

25
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

30 measurement; and,

wherein the sensor-to-inspection-system calibration module additionally analyzes
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WO 2009/ 148720PCT/ US2009/ 041596 12. A system conpri si ng: an 1/0
nodul e configured to receive a data stream enmanating froma web inspection
syst em t O 2069/13812Hi gured to nonitor a cross-web w dt h @CTAS2/00f596
material, the 5cross-web width defined by at least a first and a second
| ane; a cross-web calibration nodule configured to: a) associ ate
portions of the data streamw th the first and the second | ane such to
provi de anf Fdusth radpdnies Srtte HifdeRPASSAEhAL RPpBSPEEbhY &IMbrMMdnh t he
first and second l'ane; 10b) apply a first calibration nodel to the first
dat a st r enedal to horivied respanse fignals taleanyed theethimd iresponssaigigtsanodhe niitssofof
measurenment of a we roperty: and c) apply a second calibration
nodel toIPﬁ§w§g5%hﬁﬁﬁgﬁ3§@fF%%W??%g%%%vert t he second data streaminto the
sanme calibrated units as the first data stream 1513. The system of claim
12, wherein the web inspection systemis a |line scan canera. 14.The system
of cfai m33, wWiersebtamtd{eldinrls wharpth Becomer-teinspecion-sybiamastibratige thodylea
plurality qof.pixels. 2015 The system of cl.aim 12, wherein the 1/0 nodul e
further 6@%&% %@y9%@“?????6gﬁﬁc§§ggﬁﬁlﬁgﬁg‘streans, both in calibrated
units, to a process control nodule that controls properties of a web
manuf acturing process 16. The systemof claim 12, wherein, after the first
and secorfd calThsrealibigHionpyiédn ohelvisn 26fyetber eopirise®: t o the first and second
data streans rE3B% ¢l iebvealliér tltorﬁe (g(ﬁltlg th%ltt dnafivRs e SN I1r szedsets? I{a seaq{[ditfl
non-uniforn1por%|3ﬁg of " dat &t RAt COFr S paHy Tt SERON- HRPT ST EreEs Of t he
webl10 17. thine rapsiserigblsed appty ﬁ%ec&n@@éhﬁﬁti@@ﬁ‘i@ﬂél&b@l@a’thﬁ@@es@@ﬁ@@?tﬁlsﬁﬁdm e
ata

operative to store at |least a portion of the first and second
convert those signals into units of measurement of the second response signals.

7. The calibration system of claim 1, additionally comprising a cross-web-sensor-
positioning module operative to provide signals that cause an automated device to
15 reposition the at least one web sensor to a different cross-web portion of the web of

material.

8. The calibration system of claim 1, wherein “analyze” as done by the sensor-to-
inspection-system calibration module comprises the application of a regression model on

20 data indicative of the first response signals and the second response signals.

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.

25
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

30 configured to receive signals from across substantially the entire width of the web of
material.
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streans after those streans have been calibrated by the cross-web

cali bration nodule. WO 2009/148720PCT/ US2009/ 041596 18. The syst em of

cl ai m 12, wbuped@s72eonpr i si ng: a dat abase nodul @CPASLE@VIVEIE 0 St ore
a summary of at least a portion of the first and second data streans after
those streans have been calibrated by the cross-web calibration 5nodul e.

19. The system of claim 18, wherein the sunmary is conprised of a summary
statistic. 20. The systemof claim 12, wherein, in addition to the
cross-web width being defined 10by at |east a first and a second | ane, the
cross webl2 engh kystgmcampiisingdef i ned by a plurality of additional |anes, and

wherein the crossswe alibration nodule js further configured to apply
further respectiidmeanfGraledit ROsdres pulwerhaibe FEpRANE ) of
addi t i onghspeaiéSsysteutihat RRbnRAGE] &f mbiitordakdssSidERIMh ba FSS6Ematesid], Wict h

each of the lanes that conprise the cross-web width is provided in the sane
cal i br at edossrivebswisith défenctliby it legsitaalitst grslagnsecaml ang; . The system of claim 12,

wherein the Cr.oss: \Z\ng%caﬁlllgi t%lr atnglo lem)d | eri S additionally configured to:
receive inforrat tOn charact eri 21 ng th eEss Pnspection system s cross-web
response profile, ahdsdapethdfiodstFithd MtEtR ATth tHOGHsE dhdthe s&os@Mhcdat a
stream before applying the 20second calibration nodel. 22. A

conput er - i npl ekehtcRronde Bddsteadpeqondgta stream associateddgenopiivigy eribghe {fiesh
response pr Ofialnﬁ iCan rlqlati on characterizing a web inspection systens
cross-web respo 3 P ofite for at |east part of the web inspection systems
cros@- 25web fiel d ) appwi first calibratidf @iodeN@ the Akdd atkistryar@to edtvart shd @@s from
the inspection of a web of material, each associated with a cross-web | ane
of the web i nsjsectticam igipscabipfatedandts ©F mspsureraent opp Wabenioperty; and gppl yi ng a
calibration nodel tcs as 1f iars%Eon%%taﬁbr%%i{)E %g}dgpto(%ﬁ@%/e%{)ﬁ &eﬂ? stfréarnﬂo c%%f@i't Bl eam
into calibrated uni?$&’Rf *meadirénmen ; 'nan i era(%lve process:

second data stream into the same calibrated units as the first data stream.

15 13.  The system of claim 12, wherein the web inspection system is a line scan camera.
14.  The system of claim 13, wherein the first and second lanes are characterized by a
plurality of pixels.

20 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
25 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:

30 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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a) nodifying the calibration nodel based on the cross-web response profile
I nformation such that its application to at | east one subsequent data

st ream WWwD 20ovM8T20 t hat subsequent data stream into th@CTalSReassds units
of neasurenent; and b) applying the nodified calibration nodel to the
subsequent data streamto convert the subsequent data streaminto
calibrated units of neasurenent. 5 23. The conputer-inpl enented nethod of
claim 22, wherein the web inspection systemis a |ine-scan canera. 24. The
conput er -i npl ement ed nmet hod of claim 22, further conprising:

10char actlér i ziThy systeperficlase 13f further ogshpiising:he cal i brated units. 25. The
conmput er -i npl enented nethod of .cl aim 23, furthe onprising: .chatacterizi ng
anohal ous. 6 oL Gre PRAE eSS Ry S piRaTe péfdtor fRAAEHT

second data streams after those streams have been calibrated by the cross-web calibration

5 module.
19.  The system of claim 18, wherein the summary is comprised of a summary statistic.
20. The system of claim 12, wherein, in addition to the cross-web width being defined
10 by at least a first and a second lane, the cross web length is further defined by a plurality

of additional lanes, and wherein the cross-web calibration module is further configured to
apply further respective calibration models to the respective plurality of additional lanes,
such that each of the data streams is associated with each of the lanes that comprise the

cross-web width is provided in the same calibrated units as the first data stream.

15
21.  The system of claim 12, wherein the cross-web calibration module is additionally
configured to:
receive information characterizing the web inspection system’s cross-web response
profile, and based on that information, modify the second data stream before applying the
20 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-
25 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;
30 in an iterative process:

a) modifying the calibration model based on the cross-web response profile
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information such that its application to at least one subsequent data stream will
convert that subsequent data stream into the calibrated units of measurement; and
b) applying the medified calibration model to the subsequent data stream to

convert the subsequent data stream into calibrated units of measurement.

23.  The computer-implemented method of claim 22, wherein the web inspection

system is a line-scan camera.

24.  The computer-implemented method of claim 22, further comprising:

characterizing properties of the web in the calibrated units.

25.  The computer-implemented method of claim 23, further comprising:

characterizing anomalous regions of the web in the calibrated units.
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