OPTI CAL WEB- BASED DEFECT DETECTI ON USI NG | NTRASENSOR UNI FORM TY CORRECTI ON
TECHNI CAL FI ELD [0001] The invention relates to automated inspection

syst ens, woadommseiparti cul arly, to optical inspection ofPCtarsteinoeness y
nmovi ng webs. BACKGROUND [ 0002] Visual inspection systens for the analysis
of noving web materials have proven critical to nodern manufacturing
operations. Industries as varied as netal fabrication, paper, non-wovens,
and filnms rely on these automated inspection systenms for both product
certification and online process nonitoring. [0003] An automated visual

i nspection systemfor products manufactured on a continuously novi ng web

typically uti]] r l r i t i mages of
the web auri G Pae SEeBm St B AEREEn SRS ER LS B RN FIEB SN RsEs e ng
algorithns to detect anomal @§EdGRMIMTAPCOTARECAORNt i al defects within the
web. Areas of the web containing anonmalies may be discarded if the
anonmalies rise to a classification | evel of a defect for a given product,
or may be processed into other products that would be unaffected by the
anomaly. [0004] Linescan or linear array caneras are exanple inage capture
devi ces commonly used i n manuf agQREHANPCAL FIRMimg nmateri als. These caneras
have a single array of pixel sensors for capturing i mage data. For exanpl e,
an aut ondﬂ&@ll]vT@uaveﬁtlﬁg pelates tnaudgrsetedinyagetion sy stomms. i mqse partichlarlyctan
cameras gff.ange e&%n?&ﬁ%nﬁﬁ%nﬁQﬁf&ﬁn%%%%? of the nmoving web. Each of the

S may i nclude ear

| i ne-scan ‘caner I'n arrangenment of phot odi ode

BACKGROUND

[0002] Visual inspection systems for the analysis of moving web materials have proven
critical to modern manufacturing operations. Industries as varied as metal fabrication,
paper, non-wovens, and films rely on these automated inspection systems for both product
certification and online process monitoring.

[0003] An automated visual inspection system for products manufactured on a
continuously moving web typically utilizes one or more image capture devices to capture
images of the web during manufacturing. Analysis computers apply image processing
algorithms to detect anomalies that represent potential defects within the web. Areas of
the web containing anomalies may be discarded if the anomalies rise to a classification
level of a defect for a given product, or may be processed into other products that would
be unaffected by the anomaly.

[0004] Linescan or linear array cameras are example image capture devices commonly
used in manufacturing of moving materials. These cameras have a single array of pixel
sensors for capturing image data. For example, an automated visual inspection system
may utilize multiple line-scan cameras arranged to span the entire width of the moving
web. Each of the line-scan cameras may include a linear arrangement of photodiode
sensors that provide a line segment of image data (e.g., 2048 x 1 pixels). The collective
image data provided by the arrangement of multiple line-scan cameras represents a single
line of image data spanning the entire web in the cross-web direction. Other example

image capture devices include multi-line matrix cameras, contact image sensors (CISs),
1



sensors that provide a |ine segnent of inage data (e.g., 2048 x 1 pixels).
The collective image data provided by the arrangenent of nultiple |ine-scan
canmeras represéstgda single line of image data spanni ngPChaSeortioc@2sweb i n
the cross-web direction. O her exanple image capture devices include
multi-line matrix caneras, contact inmge sensors (ClSs), and a raster-scan
canera in which a | aser sweeps across a defined portion of the web to
gener at e dnfdgasteratcan caens) Whichrglaser swsens aceasp ¢ dafineshrartion alie wiehdpect i on
systens s . Intra-device detection non-uniformty with respect to
t he indi&#h%gﬁlﬁﬁggg&%apture devices. That is, intra-device non-uniformty
W t hi n or[@0e8] Ineayahsdshe@nivomgmat aipiidl ispdaionagsticnm yufaifsen sithasdatidel al | y
identical weh anonmaljes to be classified differently as a result of the
anomal i eIefSpfiay OR-PRITRIUIY With Enpect feis tividual ipags eirsirederdiirof Thahs: i mage
captur e daheviel RERMikHniGANRES Rl of bk JMHE AR hFG ROy can

i ncl ude varia??gns In Eﬂ%n pticaP a?rangenent (%ﬁg.?ﬁ{enslprof“f% of the
devi ce, muobstartiallyridentichlum natonehes ©HEr dosdred stififasntf astdwesutbofethe al it sel f
(e.g., polarization),..and.yariance i.n light.i.nteraction with the. materi al
(e o1 hrgpiefiy aieay iR Ao RESH ok e 57 of i SY T Erdbutie it 6Fe. devi ce.
SUMVARY [100Ha] ¢4ns@edten@lintrd fdviccichCliR oy d8S ficlude YaRatidns Wthel gpsipgct | on
system for noving materials_having intra-sensor non-uniformty correction.
For exanpirangernén (e s tdne prafde)dd b deyess, norf-beitomy) dlumnatipndeharasterjstigedt

normal i zat i on, technique th t.|sIBas d on a.recognition that. existing
Cochni qudné flicHEE RIS btz Bon S Ry & R TR ERe By i idestal?, o,

syst em ey gachjie\feats aurds3Iiin G5109$ vivabohae kiigewaptusd ghade. across a fiel d of
view for a given inmage capture device, but nay not necessarily result in
uni form cross-web defect detection across the field of view of the inage
capture device. In other words, thedfapRRyues described herein are based
on a recognition that, in some cases, a systemresponse of the visual

i nspection systemfor defect detection relative to cross-web position my

be dif f er[@0d6]fIn@eherals ths REIOAEPAOREbW 4 VistiL SRPedtidnGysemet moaingon of the
background signal. That is, a mathematical algorithmthat is applied to

cal i br at engfergls haying Hepeenios Rosyatfarithcrdstiay.eFer emplge fihdisrgrwend si gnal
uni form t ' I I [ i.ly lead to
ni £ or m 1oFaftes B RAPR Bl TROR, 578 KRB IEERIBh B Y 1 o7 ¢
sane i magecepapionrtbatdgistiag techfigidy fof aomtdizags tidtksroned agportse ofia vishel

techni ques herein provide g flexihle intra-device inmage correction
t echni queNNFEEOTLIISEREMAY AV Uy rBrrp S Sorachgioand A aﬁaf)%ﬁ ust

bt veen, MRS gaCLPR BRI ok ame. AL Sl ot bl
t hat t he welt Mm%btcaﬂion' a’mgis tige field o% view of the image capture device. In other words, ’
the techniques described herein are based on a recognition that, in some cases, a system
response of the visual inspection system for defect detection relative to cross-web position
may be different from a system response with respect to normalization of the background
signal. That is, a mathematical algorithm that is applied to calibrate a visual inspection
system to achieve cross-web background signal uniformity for a single image capture
device may not necessarily lead to uniform treatment of potential defects across the field
of view of that same image capture device.
[0007] To address this recognition, the techniques herein provide a flexible intra-device
image correction technique that allows a user or automated software to select and adjust
between normalization components taken from a plurality of different pixel normalization

algorithms, such as gain-based or offset-based correction, so that the mathematical image
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mani pul ations for normalizing raw i nage data match a defect response for a
manuf actured material. [0008] In one enbodi nent, a nethod conprises

capt uri ngworeagensgata from a web material using the i nageCtastunaaeyi ce,
wherein the inage data conprises an i nage of a cross-web portion of the web
material across a field of view of the inmage capture device, applying a
first one of a plurality of normalization functions to the imge data to
produce andnipwetionsdprnqrinalizipg rare imege dgemaishralctast raspense feigemantiactaisgl yi ng
a second gne.af plurality of nornalization functions to the image data to
produce a Second normal i zed val ue for each of the pi xel s. The net hod
further do6gs]ilaescembpdinicng aanéthodtommiseRlapedny/mage dharfranevadinetrids a
sum of a portjion of the first nornmalized value and.a portion of t he second
nor mal i zéﬁlqgé’“%nif%?rca@é}&% deyfiees M e”ﬁi@(@?éma%en‘%ﬁ%?%%%?? AR IS Gfiarfapss-

nor mal i 2oVl HES of Bie WS HhdifiYal Q) QQE?B%R&%V &F@e 'ﬁﬁ&%e" da ngturg‘été\lﬁ@é ni ng

anonal i es that represent potentia ects 1n the tertal. [0009] In
anot her apbbugehtst ose eﬁ/zsplemlmpuﬁnarmehzeamnlfmnsmha ireagbedatc® frodwwapt ur e

e cor oss i PP R/ PEs B the! INedpReaapt ara B e Lpbriiy = "

i ncl udes c&n@ﬁﬁﬂ%ﬁén FeRdaR 18 R 468dataab R uPak SERhE horhMize@ vilubEa! ity of
different normalization algorithns to normalize a cross-web background

si gnal f cach pithe megts. %mmfrtbmblémh@ecqr@praseemmplﬁnmeasﬁmaédomlued vglue for
conputer-r. adah fe medi um fu the thtsetﬁcl)rres €O ff cie

plural i ty pixel a8 g surl of'd po Pn8r tnoHnahze valuglafi trgB on oeﬁﬂ%eﬁ?n

YSI'S er CcO

nor mal i zegrvalized viabie f@ﬁ@d&h@fftﬁeﬁﬁxeﬂs mehqar&%sﬁﬂgethe magendtalabzaisvatudsed ght ed
sumation of results fromapplication of at |east two of the pixel

nor mal i za€FBHY AfeaRsionhe ek iﬂt?gertalltEO@@@tI’@&nB@@Bﬁ%tletr@Preﬁm’éP@tetl‘tlﬁsl dsfostsed
coeffici q{gtﬁ & fngfer |ght| ngs for the results of each of the different
normal i zati on al gori t . [0010] In another enbodi nent, a system conpri ses
a conput e[ﬂeost]ddabbteemﬂlmdmsmtoa byerp asapriesias ihege épplreidaticd ¥ dabtudk f f er ent
normal i zati on al gorithns to nor I|ze a cross-web background signal for an
i mage cadmg%d%tégtoeet‘%ve& (B 08 ST B AR FUBDTISPHBING Y?dt%ﬁsefPr ﬁ’éé&%‘:ﬁt e

medi um f urdgsq %?Qfe%sofefh@ﬁﬁafgfe'cﬁbtﬁfg ddvitic. RERy QbmtiRGudtsYr@hi tui’elr(?@adable _
normal i zati on al gorithnms. Anm anal ysis conputer receives i mg data havi ng
val ues f anedrimetaingfpasancatas serveguralie of befemnewmlfahzdt@nlat@gehmem ure device

d t | | for. f .th of he | dat
o e e R Eobr e bt unsieraar Medbhes P Ta de s T ealRgs (ne o el

nor mal i zafekipdd IGO0 THUSBndSdriBadabR BB duRR ARESS SocfTHEntFHOSRH of the
coefficients define weightings for the results of each of the different

nor nal i zatluehtyafgermalzsson hlgprlthn@d yeeanglysi mmtqrrceem@mnomal@eﬂ gelue in a
web acro f e LA Vi 1] I'n anot her
enbodi nmen féag%cgltheﬁ ’éeﬁg P%’{ag"‘{g% & ¥ agagag%el%% St atl%% fge%bﬂt%oﬁ%ér am code

havi ng i nipplititioh@fst chatwe abae Iﬁlxeﬂ)h@gﬁzﬁﬁaﬁdﬁi ﬁg@fﬁmeeslsmrg thostoedei ve i mage
data froma web material using the |maPe capture device, wherein the i mge

data conpreraedersnvhera e Séqre%tceefﬁelentﬁéis %wetgéﬂne@ffomerw@s Ragashiodithaacr oss a
field of ft@i‘é&l@ﬁor}nﬁﬁ dt%ﬁ%fgo?i@lﬂh&”e device. The instructions further cause
the processor to % rst one of a plurality of nornalization

functi onq00 m]tlhanonhaganbh&hmemtoa pysoah cemarifds nsbnipoatanratddabld nvatiure sfooihgeach

pi xel of the inmage, cond one of pluraljty of nor.nalizatio

f unct i onPHG Wé%?rﬁaéépa&g}t of qife SISPbRATEELiZAt tioB sy RAAPRlER AP O TEP each
of the pipseksou et HUSnA tbaﬁurertemetd # 88 dh Wesif@rvaRRC THRICERlpuRS. @ sum
of a portion’ of the first norna I zed value and a portion of the second

nor mal i zedadebleuecdion ferledr sofrcs heogbiicentdor Feb of Hetpluetifyorfsiofmalizagen cause t he
processor .to.process the final normalized val yes.to jdentif egi ons on the
web mat orf SRRy APATHES A RBRAN FEECTRGY T1es BedRY s el TP Rl T §OR t he
web nat erv:@ ficlll 03Iy ofiBe inRER ARSI RRENY REPHRE BbimdIRYd PAIQY Fsi@agiest ai n
advant ages. For exanple, the techni ques may Bt ain detection uniformty
such t hatthe hiscisef gha inngpata ane bveegtrstﬁawnrmtm qf resufts étogh afplightean offat tnast mage
capture [ e @n as a

def ect . ﬁﬁ’\éoot?ﬁler 1§§lr %gt?la ?&%é@hﬂﬁg@é@%ﬁle gﬁ%%édo (lidg %tg]{gl g?ti g éaclydef ect
havi ng gi ven characteristics (e.g., size, shape and density) to be
unaffected by the |location of the defect within a field of view of an inage
capture device. Mreover, the techniques provide the flexibility to adjust
the correction nethod and its constituent conponents to nmatch a defect
response for the particular type and characteristics of the manufactured
material . [0013] Exanples of conputerized decision making usi ng web

i nspecti on systems are descrl bed in U S Patent No 7 120, 515 "METHOD FOR

N TN 1 R IR T 7~\I"\\ 7 VAN N A A< AIFFT"1 71 r~s~i1 ~ 2 a2 — o e~ g e g




BRI EF DESCRI PTI ON OF THE DRAWNGS [0014] FIG 1 is a block diagram
illustrating a global network environment in which a web material is

manuf act weadoarng4enverted to products. [0015] FIG 2 i #Causkaai2@eagr am
il lustrating an exenpl ary enbodi nent of a web manufacturing plant. [0016]
FIG 3 is a flowhart illustrating exenplary operation of the web

manuf acturing plant. [0017] FIG 4 is a block diagramillustrating an
exanpl e €opBHiwENdelor weightinge fagitbmres it e srcls gisthe diffqron pgTmadjzations s a f| ow

conver of Ghedsiiin Bt bOLES, PERTREGTNREARTISRR ifh JABRERY e BRVERRICY  car

I mage datthe fma@capturadgecccapt ure devi ce of a web inspection system where

the image data has been nornalized using different correcti al gorithns.
g [08?1] In another ernbod?rnent, a cornputer-re%da le storage rned?urn cornpr?sr}ng prgograrn

code having instructions that cause a programmable processor to receive image data from
a web material using the image capture device, wherein the image data comprises an
image of a cross-web portion of the web material across a field of view of the image
capture device. The instructions further cause the processor to apply a first one of a
plurality of normalization functions to the image data to produce a first normalized value
for each pixel of the image, apply a second one of plurality of normalization functions to
the image data to produce a second normalized value for each of the pixels, and compute a
final normalized value for each pixel as a sum of a portion of the first normalized value
and a portion of the second normalized value for each of the pixels. The instructions
further cause the processor to process the final normalized values to identify regions on
the web material containing anomalies that represent potential defects in the web material.
[0012] The techniques described herein may provide certain advantages. For example, the
techniques may obtain detection uniformity such that the location of a web anomaly within
a field of view of an image capture device does not affect the classification of the anomaly
as a defect. In other words, the techniques may allow detection of a defect having given
characteristics (e.g., size, shape and density) to be unaffected by the location of the defect
within a field of view of an image capture device. Moreover, the techniques provide the
flexibility to adjust the correction method and its constituent components to match a defect
response for the particular type and characteristics of the manufactured material.

[0013] Examples of computerized decision making using web inspection systems are
described in U.S. Patent No. 7,120,515, “METHOD FOR CONTROLLING
INVENTORY OF WEB BASED ARTICLES” and U.S. Patent No. 7,187,995,
“MAXIMIZATION OF YIELD FOR WEB-BASED ARTICLES,” both to Steven P.
Floeder et. al.



[0020] FIG 7 is a flowhart illustrating an exanple process for

determ ning coefficients of a polynomal to be used for normalization of

t he raw woeolidssa4r ecei ved by a visual inspection systecr/Usea20p0028 G 8 is
a graph show ng exanpl e defect distribution profiles conmputed from nodel
raw i mage data for a web material. [0022] FIG 9 is a graph show ng second
exanpl e defect distribution profiles conputed from nodel raw i nage data for
a web material. DETAILED DESCRI PTION [0023] FIG 1 is a block diagram
illustrating a global network environnent 2 in which conversion control

system 4 controls conversj | LHcal Iy, web
manuf acturing plants 6A- M‘?@ﬁlﬁﬁcﬁ i..@@ﬁ?gggl&hat produce and
ship web material in the formof web rolls 10. Wb nanufacturing plants
6A- 6N may ohes 98091 aPNb Rk lighing ll[u'ﬁ@éﬁt%da gl_o[)ﬁgQi%ﬂfl'o_rLr I@ﬁviﬁ?ﬂﬁ@n@-ﬁ{ WhH 2Wed

mat eri al may include any sheet-like material having a fixed dinmension in
one di r echitonalanmarifesigredangdcenetred e peeduds. i ndet ermi nate | ength in the

or t hogon irection, | es web materials include but are not

e od 100 SHEIG 2 2 i ARgE T Al e TSRl Py pRBRR s Shbe B s,

f 1 exi bl e Bid@abtlrsngOpla@onbi nati ons thereof Metals may include such materials
as steel or alumnum Wwvens generally include various fabrics. Non-wovens
i ncl ude rBOEAliEGs 3 isy8pwsakarpidlystratingjoxemplappepcgatiogrofithes wrlamapyfagtiagi al .
Films i ngd e, for exanple, clear and opaque polyneric filnms including

| am nat es and coated filns. [0025] For many applications, the web materials
of web r db0E7]IAGMaYs hbdoek diageppllivettatiadn axgmplddnitio dj@adrodlalcpnasreomappl i ed to
an exposed surface of the base web material. Exanples of coatings include
adhesi ve<LONERkSY8SM. density coatings, | ow adhesion backsi de coati ngs,
metalize ty : ' I ' 1 ductive or
noncondugtﬂlﬁf/}}c:é1 F(:I(a)%t§ ?Sngg?wg?égé%nﬁb%élgﬁglﬁgg%%g?@g?ﬁ#ﬁg&%gg?’ %%\%Orﬁrfgg be applied
to at | easformafpar by the cofvdrfien velsralaysemal or may fully cover a surface of
LES a? ? Zrer{ﬁﬁfb] rﬁb r I6g|-6D Er%rptlohtg rshov&ilqg tl%?etlcati%ra%g ldaslta rHraoyrn Qne irga?é[etc%{)t%?ed or

device of a web inspection system, where the image data has been normalized using

different correction algorithms.

[0020] FIG. 7 is a flowchart illustrating an example process for determining coefficients
of a polynomial to be used for normalization of the raw video data received by a visual
inspection system.

[0021] FIG. 8 is a graph showing example defect distribution profiles computed from
model raw image data for a web material.

[0022] FIG. 9 is a graph showing second example defect distribution profiles computed

from model raw image data for a web material.

DETAILED DESCRIPTION

[0023] FIG. 1 is a block diagram illustrating a global network environment 2 in which
conversion control system 4 controls conversion of web material. More specifically, web
manufacturing plants 6A-6N represent manufacturing sites that produce and ship web
material in the form of web rolls 10. Web manufacturing plants 6A-6N may be

geographically distributed.



[0026] Web rolls 10 are shipped to converting sites 8A-8N, which may be
geographically distributed within different countries. Converting sites
8A- 8N (" cwowertrismyg4sites 8") convert each web roll 10 i RCO/USR@102002®T €
products. Specifically, each of converting sites 8 includes one or nore
process lines that physically cut the web for a given web roll 10 into
numer ous i ndi vi dual sheets, individual parts, or nunerous web rolls,

ref er red 824 sThermevéaciured mel mtem@k H@D(én@}t@ﬁ@}’es}le@dﬁﬂﬁéﬁ%t?% heying agpcny
convert i [ bi | e phone
di spl aysvzﬁ&lrﬁef(’l:ng ﬁltocjan% a%ﬁ‘iflédo%ﬂg .S m a?i %gﬂl@% %é{%ﬁ %trgﬁﬁsﬁgtfq%oﬁﬂltpgrl al s may
be converdrédgomd dirpetvau dxampsof wab friiee¢réaid inshidpdsit archos lizded dgpenalsng upon

t he i ntended application by custoners 1$A 14#}} hl;:{gch of conv rt| ng sites 8
may be cdBRB FOSFNSy BUEIOVHY- 81T apyAericyiine, ilxikie pireuis|of cap! méH%PSeach
convertingeshit aviBaY ‘Pl fe ﬁﬁéhfrﬁétéﬁéls * B%%}%lu%ﬁnﬁﬁpweﬂg &{érélﬂﬁ | ocati on
of the converting sit an particul ar needs of customer% [ 0027] As
descr i bedn¢lndoledraiuk fa‘tmrcel anemmn@ﬁlchﬂb Tl | st ardspgped ﬁhelsmedla el udes one
or nore aut ted Vi.Su |ns ti.on s (naot _shown .in FI 1) that

i1 765 TEHENG THEFET gt B0 e e b L APR U HRGES T { he web
during mgR&fi@iak Wrhinbtes Qﬁgc&qedrmhg of the visual inspection systems apply

t he techni ques described herein to provide intradevice inmage correction
that r esdDBZ:Slrﬁﬂrnmb')applrlpaalon@rthtfawﬂzmtebatswéwmbrrdlls H eag heye & appded for the
i mage capture devi.ce substantially n ste onse with
espect - L8t SHUGESY SRS AR o BENRR GERe BIE P PARRE Gevi e

pi xel normlrnpz@tdfczaata@@mdlﬁdvadhbﬁtesgamvan@@sﬁp opainentiswalhekidd Bicksite

normal i zati on al gorithmns, such _as gain-based correction and of fset-based
correct i gRatings, azéalnhé%dscq%ﬁg&jﬁptfleﬁllmapglvwoalﬂﬁai,@le@umalYﬁ@yﬂéwe‘aep@rur e devi ces.
The tech 0

propor {1 Qeag st e S B cotidS Bl TR E BEEbe ol B i B s
plurali t)po@tﬁordmfftﬁembtmapamebr may fiwly st dpuréilcgof iteluse wsbiahtaiml gaurthebased

correctloF offs t-based nornalization, so that the mathematical inmage
mani pul attPoNs P@Fer INEY %Pﬂ&@%ﬁrluﬁ%‘éﬁ“&%a mat ch a defect response for a

manuf act ypgs rw%m@ 10 &9%@&&5%@&%@ glfe@tgAO@NOJvhlch%la!y%gg%ogﬁ kigglly on
al gorithms, the Inspection systems of web manuf act uri ng pl ant s perform
prel i m nahstribwtadivithin diffecit tmmtm@bﬁomsemgg aitdsi 8135-61\1 (t wnvcainlgwtbe&’é)

sophi sticated al gorith o identi f accepting the
" Re! § nodantsisceapalH o Suherger e BiRduirs sacchty i et oG Eiie errany
coul d be ¢ fhalds GRIrtrhdteProcebs [fhes tlﬁl'ﬂ@ﬁ?dléaﬁ§ cuhék v@bQ“oﬂng@ﬁfx&BtrblY% I'n
fact, products 12 have different grade |levels, also referred to as quality
| evel s, am@ ryanesousi indisidanak sheets apdividigl pasts, mnmea@ww¢b1@lla,rr@fmedé@ as As a
oSl IR ROAT RLERR, E el SRR S LRSI A @5r ] ool ve
if the cd)rrespon roI i € donver t0a par i"cul'ar pr odu

but not dﬁﬁ‘oaﬁdﬂvid@al §heéﬂ@e‘oxwab inf flobild ph&ﬁrﬁi@ﬂé}@d)rb@rngut@t beit@s! SEhidahct .
[0029] Wb manufacturing plants 6 comunicate image information about the

regi ons oftheriermyetf ednnaics ﬁ@laé(rh?r@PY@’?dtlﬁtOdﬁ?ﬂ}@FssV(ﬂf diderchioihapgpstidm 4 vi a
net wor k r es
one-or o qep IR o PRRERE ey FNKELRI PR CPEATIAN, TEhBFL SRRl 2
i.e., spextes 8ma1yd>epcapaiﬂcbﬁre&élvm@aiﬁdemnypdse)fmIrykts 80, andnwcélrcsmomlngnt r ol
system 4 determ an automated or sem - a omate manner,. whj ch of

pr oduct s 19 %Lnraf%dbf%rsm@é?iqcaﬂ?a crRding 81 ey @nggﬁffwevsmﬁgﬂ%m yi el d
(i.e., utdhljigatdgiateclidér MBRmBapLd on the determ nation, conversion
control system4 generates a conversion plan for each web roII 10, i.e.,
defi ned i[A827 uks despgbddan dptaddes&sm,regclt bleweletmanahétpring glaotrimeliudet @s drhe

conver si on Vi a net to the riat i.ng site 8 for use
o e rver ot GBS Risbecish Sut s DR SPBHLB i BOHS] bs Bpe & ore
enbodi menisge 6&1&‘{1@@%{71@85 ©Aptud inf)psé Mhd W&ﬂuﬁﬁgﬂlaﬁuﬁbmﬂﬁge(}ﬁb%?ﬂo@és for

i ndi vi dual convertl ng sites 8. In other words, conversion control system4

may i dentdfftlye Yileal irsbeetion) systams eppisdhe oehnoquss dewsmibed heratp teiprevigs infrad
gener at ea(f LY ?ﬁlgée?(ﬁggec@(?rf glgf"rse?&ts%t LK iRLQIRGEF-ch D885 G AhRdsitY &ilndi Ne
' 6

i ndi vi du conve



For exanpl e, conversion control system4 may identify the web rolls
destined for converting site 8A and generate conversion plans to maxi m ze
yi el d forwOhelveiwinol | s based on the products 12A produeeu/usgoiconnes ti ng
site 8A. [0031] Alternatively, conversion control system4 may generate the
conversion plans for web rolls 10 prior to their shipnent to converting
sites 8. Consequently, conversion control system4 may consider all of the
pot ent i alfoathﬁllmagﬁ @apmr@é%@%bqtzl wheAntgdiyaoanplingd systeragponasnyite supedt si on

pl ans for (?ét C%IOPIOThé R chi ﬁeerﬁ {ilizeSRANYEL 8& & & Qltt{o%a a%to m 4 may
Rof &y A0 eI e 5

consi der a potentia produ in or f or
exanpl e, a“lr@ﬂtnmzthattcbmbmee b&npiﬁneﬁ&crff dtﬁd&renmiolrmmzanbn aldorishneg lﬁamr@tﬂ on,

conversi Qqn control Sy erat es conver sl on p| ns an 1 uts
i nst ruct B §ouRtion Wi@g}%ehéasgaéevfsqt@nc@rﬁﬁérqsﬁ Agp-4piferen @q %‘wdgﬁl each of

web roll §mllg éi}%&‘e%@% s NRAE mi 03w ! arhsér‘)%h gﬁ’bé@%‘é‘é indeP Y BE/AON

control system'4 consi rs ot par aneters en l ecting the respective
converti rrgolmrtletsed&oﬁ‘mahmbn rvallubs arid0adj Bt e qoanpanette taken frohuadelurddityy ofar e not

limted t curren i nven | evel s of products,12 at. eac onverting
i tes s, GEREH PiSHaerB ERLER Y i e shorn S Sufinhan ot coot
aSSOClatQﬁmﬂmﬁﬁu@ﬁQﬁtﬁ&tH@ﬂMﬁkhhﬂ&ﬂ%mhﬁﬁmﬁmpﬂﬁh&ﬁﬂ§rﬁénﬁﬂ@h@%@@@mﬁ@épﬁent
and ot her paraneters. [0033] In this manner, conversion control system 4

appl i es abpﬁmw@hﬂdhﬁﬁb@@pmmcﬁU@ﬂé@nﬁdéW@dmﬁﬁmﬂélgorlthns to the anonaly

i nformati e |ved Jmanuf act urin ant 6., an

i roct e tRESIGRE PGB RER AR SR AoB B, Biedna B ot bhl<R o,
nmor e par af@tuicturirdSplath 6 peifotre grddiedinwy ckiematibast @e Sveﬁ?-)dsﬂ?% aisqf

sel ectabl e, and nmay be applied. independently or collectively using a

wei ght i ngypigHbt hewwhlsaw@% algerithny tgudentifponpaypfapugng anemaliespcseningi theyr am
L1 Tustr atﬁﬁéﬂh@aq t‘ﬁétemh Y so‘?ﬁ@gﬂhé‘ﬁﬁémﬁfes ”e“&e%g&f&%' Iﬁgrr Pl b84aRE FI G

1. In the exenplary e dlnen a segnent a contli nuousl’y nmoving web 20
may be pquﬁn@médebaﬂmmﬂmsﬂwmmguppdﬁ%ah&lHeﬁ&xﬁﬂMMMﬂlZMm@ﬂﬁﬁ&m&@mk& i mge

capture device N are 05|t|one |.ose proxim and _aligned in a
cr oss- wedCHY &E@é H? Kppsqatl tyle%.aag iV B Ctsat RIarpges E%mutfaﬁ&lrg}gt. re

wi dth of JEMaNg. Web, £Qult, IRk dfshe Aﬂaﬁg@y £ MER IR inGESy gﬁsﬁﬁ&l gct i mage
data for adjacent, possibly overlappinfg, |ine segments” of web 20 so as to

coIIectlw@ﬁwnpedﬁhdeonmqmmmn@aWEbﬁﬂkHhmcmankﬁicam@EKMkmppmmtubmbuﬂmﬁhe web.
ers, 27 coll ec i mage capture devices 26,

Qﬁgu;fghl *Fﬁggg%ﬁ%ﬁag“Hﬁ?&oFgﬂgﬂé?9 %ggg%a nﬁFg} 28 for prelininary

anal ysi s.[0629] Wub BRSEHcRAHNE PR Eeonibinidie '11§1a%{‘tﬂ%ni.aﬂofhl§éut hASgioRYbNY 1N a

dlrectlon D and having a cross-web direction
the web containing anomalies to conversion control system 4 via network 9 for subsequent
processing. Conversion control system 4 applies one or more defect detection algorithms
that may be application-specific, i.e., specific to products 12. Based on the analysis,
conversion control system 4 determines, in an automated or semi-automated manner,
which of products 12 would allow a particular web roll 10 to achieve a maximum yield
(i.e., utilization) of the web. Based on the determination, conversion control system 4
generates a conversion plan for each web roll 10, i.¢., defined instructions for processing
the web roll, and communicates the conversion plan via network 9 to the appropriate
converting site 8 for use in converting the web into the selected product.
[0030] In certain embodiments, conversion control system 4 may make such
determinations for individual converting sites 8. In other words, conversion control

system 4 may identify the web rolls destined for each converting site 8, and generate

conversion plans based on the products 12 associated with the individual converting sites.
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[ 0036] I mage capture devices 26 may be conventional inmaging devices that
are capabl e of reading a sequential portion of the noving web 20 and

provi di ngvoubpus4dim t he formof a digital data stream AReTAISoNM/ 0200281 G 2,
i magi ng devices 26 may be caneras that directly provide a digital data
stream or an analog canmera with an additional analog to digital converter.
O her sensors, such as, for exanple, |aser scanners nay be utilized as the
i magi ng deranpleotpnyessiogconimolsysigert may idsaify ba web rebedestined 98 cat es t hat

the data dpﬁvﬁﬁﬂgki‘i{%%d endGfSRnY E'ioﬁfp%a%'s 29k ﬂrﬁ&ffi-eldﬁ‘opﬁle%éﬁ f3fiy conprise
an area of the tontinuously noving we at opticalfy maps to a single row
of sensorbastdoretht pratucyi el grodiccd ylcesvafingleiwd &8s suitabl e for acquiring

t he i mage M‘lcl ude || nescan caneras ?uch a%éqll\/bdel #LD21 from Perkin El mer

( Sunnyval & M#tqmatzve s FARTESINDERNTD! PYSE AT LRt F SONVeERMP RS OCanada) ,
or Model 7 : Talo ‘%@ﬂ?s' J I npl es

i ncl ude Iﬁgigelr%ﬁégg%%g{qsﬂg gg%ﬁ%%reﬁgg&ﬂ-ns pect%%rﬁ ' gf?%@%s%t%%el{/ﬁﬁ?ch,

Ger many) dontraloyjstemcd imep condiderai ofittal geritol avaglablalpradietse2t elien ge@ed#hg The

i mge may be optionally acquired through the utilization of opti

hos ol | SoREERdSaPeyehRt lad Siotdh GHERe Bt kEsemvernien SBfor i o5 nay
be eit hergypamt4 Ahy 8ot hR of Be pHRNtiARY BRARDRIBodIRMN A R &8 r cXaiI€
assenblies utilize reflected light, transmtted light, or transflected

| i ght durhargmizedh¢ msld ofpaph vebsell 1Rek thistcodfigirgton, choyeragmaitew] sysgerofit en
suitabl e Jor IN¢ fdetact ban, of debasis canssdibyaeb surt age delarati ons,
such as SUT'TACE “Ler At ehes! f% ﬁ’u Barcode éo%etrgﬁl%r 3B°Cont Y615 ar code
reader 2Site¥ikcWhivh\talitofs€drollle 10 8Reild bekhippsd position information from
web 20. Barcode controller 30 communi cates the roll and position

i nf or mat i [@A32] dnapme geibedisemiu t@Fvepgon ¢antredysimaft venddapathar RIAPECHr ocesses
i mage str%qﬁ r I.Sld0.0 j fi anal ysi s
conput er ng{/ecg%%ﬁ%‘}%’é gét%\’re érzr%?éemgg éﬁ%fgo%ggseﬁéﬁa@gﬁcﬁ I?%%H%e? he i nage
streans pntlade, bbheargabelimaited®y, amoem linyehtoipiavalsiof proddstsdBet eachrgdl e, anal ysi s

conputer 28 %ﬁ lies an i mage correction al (t:]ori t hmnsgs descri bed herein to
correct fpY b PHRST TR AECTR SO FOPHFUSIO R 4P Bt BRI B 8Y by any of
I mage Capafswc?atél?%itﬁ%%h?@f-coﬁ%rgﬁgg GitdsRe thettddb BE 1NELLERhBenPSlOWheanal ysi s
conputer 28 applies an intra-device pixel normalization algorithmthat

nor mal | zgwrangetersi deo data received from acquisition conmputers 27. Moreover,
the intrag; i.ce .pixel normalization algorithmnornali.zes th i xel val ues
to a tar JRSHIERE PPer SiriEioedP fsthh Bl PRt saeettert™

backgr oungtsztion algoAthn®as Mhdine@laly W& rmObARdeRRE R wRb XRhufhukdg phsitNg a

pol ynom al having coefficients that are tuned to match a systemresponse

wi t h respeend pbinpédle dircete theconeersion of wish sollgalP, intorprodlyaty b2 biased ow ope el
normal i zat | I Lt Rm.achi i xel izati iformty wth
Fespect - hE MeBuRRGY; ATUERILENERIOR. it BRI B R PRl AR e e
entire fi@bHedindypaddertdrortdofic@WeBnusin® e cipdfihi fidicdey bEsherAbenygics conput er
28 may apﬁlggl the intradevice pixel normalization algorithmseparately to
each of t[A®4]He2dnt hlosk disgram Hiswrtingrns gxsmptane cappdigicahe! Wekhge

acquisiti jolnys13s d o] I I ikces 26. For
each of trﬁ%h??rrage ( a%%%tgs_rr)&eo%@ﬁ'gé%ﬁ g%f&?%:pﬁg&gnpi e?%gﬁgﬁgéﬁgﬁ\ég%put er 28 may
?ppl y ngn aonnnmlf_bf;mme?@mblzommy{tw po]:satjop?mbah@m twmmp}p_batr?l!reas bfaen jt;ilh | ored
o conbi stituent conponents o [ normal.i zat.i on al gorit hms
(e.g., gg_ﬁﬂfﬁﬁgé’ae EGHPRIEL MRS SAYUTSHdeRises %@-@3&&? PRUHRISHA)N PIOSG PRVKTBIY t he
specific dnﬁ?a[i@ﬁéﬂﬁﬁ'a%@oé@%%afn@érﬁbﬁ%o%E‘@6 ﬁ%&ﬁ%‘i&h%éﬁéat@ﬁﬁ't Qﬁab@%e@ﬁtﬁé’e

particul ar inmage capture device in conbination w the product under
i nspect i ondthfirhodgd wdk<S0r iThetds fioragpaanposalsviots 2xetfsceinwige datadepect to

anal ysi s conput er acguisition conputers may. i nst ead. appl y, the i mage
cor ruct | HRPoprs i BFGPP RS BETFERRACT NgP chet ot g Tagr e BRHHE anal yors
conput er -in{agQéQc]a fé¥ dn@intiRy @oRL QELHSHIBE of N WO fdliton RAHYEE 37 coaeut er 28
processes the digital information with one or nore anonmaly identification
al gori t hrigagodgfe meaggsaptilodavires 2 ereanid dransini thq iarage idptade apalysis egi ons of
web 20 containing anonmalies that may ultimately qualify as defects. For
each identified anonmaly, analysis corrpg% er 28 extracts fromthe i mage data
an anomaly i nage that contains pixel ddta enconpassing the anonaly and
possi bly a surroundi ng portion of web 20.



[ 0041] Anal ysis conputer 28 stores roll information, position information
and anonmaly information within database 32. Dat abase 32 nmay be inpl enented
in any ofwea2numseri4of different fornms including a data $CoOrEsg@ 120028 or one
or nore database managenent systens (DBMS) executing on one or nore

dat abase servers. The dat abase managenent systens may be, for exanple, a
rel ati onal (RDBMS), hierarchical (HDBMS), nultidinmensional (NMDBVS), object
ori ent ed EUDBIES 28 forgueBNER LN e dtor PEIPLSFSoH KA TIRDBRISS0 pade FIG.

managemne - - QE&)‘I - 2 2. 1s i4Aplemented as a
relati ongat aséﬁ?‘éﬁg\sneﬁglg %@?8?& y %@%@@g@%ﬁﬁ%ﬁw ‘crosoft Corporation.
[0042] Arad3dilmage oputinerde@ecdimunibe abesentibeal imhging dévdeesahatanc epableldf as

anomaly information and respective sub-inages to .conversion cqontrol system
4 for SuBSHEIBAPCIICEIH PPRION WdicmPEaZa s%né.pr%&ngﬁa%rg{th? féor mat i on
may be_cogpmiicalitaty AtNoRh iRFRALARASE SYRERKORIZALIABREIMRAYRBA VSi S
conputer 2 arclid csgﬁa\l/ers;é%nogoht r]g?’Jl éysten%é.w 802??]{‘%&?%&11% iss ar%‘u%gt\?y\chart

i |1 ustratprogdexdimabdata spamadi aramfogwemenawith as tdditiogpl phdog tedigitalni ti al |y,

i mage capture deyjces 26 and,acqui sitiqgn . .conmputers 27 .acquire inmage data

fr om moviSHY S DY AU 0TI gl SRR i B B Wi Eas e g by
way of a iﬂia?infg%qubiQSf? d6ABET & se@lenTBYpoPEoLOHMHUE B thditutsh tHhtitRE ddtpfor mation
(42). In either case, acquisition conputers 27 output streans of digital

i mage i nfasAwiad e suscensminydismgteoimsat Smehkalies gpmpfignamgrepnbihy spetisonplit er 28
appl ies ap. it an deyhasc R el Nen TRLLZBL G ALOOLLAM L0; 880k, f Lhe, | mge
dat a strea??é,gv\ﬁgre PRE“DAMAET & 861° PR AFGSF P RaV & B en coPanigaured to
control aleehabinitdlcapphd@aiigane ahadd ihéledentespiX&Imdngy siieh bg ModeLD2chni ques,
such as gai n-based correction and of fset-based correction 7é45). [ 0045]

Anal ysi s TEsppatkat Ebgeri(Renpyaplsi Caldf )aRiraeidpdelspadpslon(Watgdee- 1o

identify el F‘ﬁﬁ -0l r@gm: . i ent
enbodi nen agl,%%hgr ﬂ?ld{;l?g anéﬁaﬁ?mﬁ%to |ﬁon aT'gogar??/ag,ﬁ@.}é@%ﬁfj@%@ﬂ@g?as to
be capablieclodc laedrngarmers fosmSdriace Inegdctivn Sestbryis GeartdH @Vupich pGsemaapniput i ng
equi pnrent even.if a line speed of noving web 20 is great. As a result, sone

of the i FORUNElIIYWHR G gAlog Bn{igitalicRvediftonal i es may include "fal se

posi tivesggg . . S i al
D gor | ¢ hiv DL B G Flly LE BB Ko B 2R MG Lot bl 2t

not det ech&disast inftembiwsmesroditlye image ebe assomblies mp b Githeparn ofppl yi ng t he
initial anorral% det ecti on al ort'hth an Sis ¢ rlr.puter. 28 a§58(i§ﬁ es anomal y
data aboUffMCFe OF BENOFFPRAGE SHHHS Cameras (ot g esymPligh yitirs/clstsd Welthi n

dat abase tgashRd lighh@r dahdlcbdRilGa dotingnad Hﬂ%ﬁng?l?l%t:@srsi RRASED BphtOfort he
anomaly within the web and an enconpassi gg p1 xel area of each identified

regi on. Dapinply, istiftenspiseide fr thnddtgesion of dpfseis spused b wiabautiecadydemations.of t he

i mge data i i fied region containing an anomaly (50).
Speci fi caﬁufﬁ ggs&ﬁﬁ)%p%&%r%gécsti on of the original digital imge information

needs to [be3é—:pﬂarra@deeﬁnfr@merfmrdoh&ms baRbEe Fapt 23K iWvbadhadayabahsed it inpyit roll
conversion control system 4. The identified refgi ons typically contain
i nf or mat i49d posigpn axfaimpation fiam peh 2P Bareodespnterlichal spmingaiceiss shamglngd he

di gi tal gJ&Ef?iroE‘?ﬁijoﬂﬂaticﬂlstoiaHQEzﬁ?E@rﬂp@%r?é ze in any conveni ent neasure such as
file size 1n bytes. '
[0039] Analysis computer 28 processes image streams from acquisition computers 27.
More specifically, analysis computer 28 may apply one or more pre-processing algorithms
to the image streams prior the generating anomaly information. As one example, analysis
computer 28 applies an image correction algorithm as described herein to correct for any
intra-device non-uniformity that may be exhibited by any of image capture devices 26.
As described in further detail below, analysis computer 28 applies an intra-device pixel

normalization algorithm that normalizes raw video data received from acquisition

computers 27. Moreover, the intra-device pixel normalization algorithm normalizes the
9



[0047] The extracted anonmaly inmages nmay be stored in a database 32 or a
file server (not shown) (52) and subsequently comruni cated to conversion
control swyetemossahong with the anomaly and rol | i nforneCirars2¢i3420028
Alternatively, the roll information, anonmaly information and anomaly i nages
may be transferred directly for processing by conversion control system 4.
[0048] FIG 4 is a block diagramillustrating an exanpl e enbodi nent of
conver si dnxd gakluepio sipeges el Ipyel pathiaenecidersansed differensss ranpbackerayadi ment

applicati r ] Vi [ Vi, T . far.

Dl oo ThaREASE pREL REAN G, A ORSLA WS o VTR 10 inB AR

nodul es GB#A-aBOMncditosetch ianyemhacgonxtwitie régea neldefea aivicetisi. oln thstayotheengi ne
64. [0049] Saoftware nodul es 61 's;ggt.eract wth. d tabai.e 70 to access data 72,
whi ch mayi#apvigRPRpgEmyligptiey ateppithm gehicypsipixer parmalizalien adhupitesity pr oduct

data 72D, @PRNSLd itdngle%%ltcﬁ“ ad(ﬁlE?%réﬁlr:ci Sigh 1564 a WBRS rbdfons Q&Bé%sth&?%rg%% ]ﬁgltd Maps

72G, conversion control rules ) conversion plans 721

Dat abase ofigvaforitiec ginp 'en@etcantutendeazm. dfnady siLnviogrutan 28 andyf appbnthe firdrars
R R e o R A G e T
32 is i mi@re BfcRat #nd; Oggﬂiﬁﬂaﬂl cSap@abaad PO n@thQa;@@zﬁﬁf&%TM from

M crosoft Corporation. l] Anomaly data 72A, roll data 72B, and image
dat a 72C degjseedenbondaeh pbihk iinagoeapaire davicesimiinyexpmpler arelysorcommiteré$pect i ve

anomal y inmages, received fromweb manufacturi lants 6 (Fl G . 1). Product
data. 750 PORTRALAT Byl SRR AR Ructh e 10y o pplihe
speci fi cajohytitu@it @ekpbnahdd & diZRededdrmahzaah doyitlenofc. O @ahbhsed 2optatbuci bl e
by each converting site 8. For each product. 12, product data 72D specifies
one or nond ofisetehascheasrsiianny iy af s speriihirazlcsice 8guiupERaMIE det er mi ne

whet her i | i.Sfi Y2 i : t he

parti oul an KB Lh ity R (R b o dbvik BRUEIRRL Slithe % 1y
def ect prppcdssunderimpedtion. GltHongh devceibtdfdd@utoed dfexampleywiech @epsraty dat a
72A and |mag'e, data 72C for each product_ 12. [0055] quve,rtl ng site data 72E
r epr esent®@AYaP SOMPUISE ¥ &t AU MTOA CRBRVEF: 1 g% Instead 8pplpdhe i8agrBPEccti®8nver t i ng

site dat gdAfnMBYiod IPEREmEhibRidAREYIdR da YT RR anQfysRIBABER: | | N€S and a
current avall abl'e capacity of each process |line for each of converting

sites 8. [0B40]ekfité¢rpye-pidcessiay the A&k, shdyss otrhputed2ft procéssed theldregtabut  not

ol SRR G e Bl Sl e BRI Pr o
information that identifies any regions of web 20 containing anomalies that may ultimately
qualify as defects. For each identified anomaly, analysis computer 28 extracts from the
image data an anomaly image that contains pixel data encompassing the anomaly and
possibly a surrounding portion of web 20.

[0041] Analysis computer 28 stores roll information, position information and anomaly
information within database 32. Database 32 may be implemented in any of a number of
different forms including a data storage file or one or more database management systems
(DBMYS) executing on one or more database servers. The database management systems
may be, for example, a relational (RDBMS), hierarchical (HDBMS), multidimensional
(MDBMS), object oriented (ODBMS or OODBMS) or object relational (ORDBMS)
database management system. As one example, database 32 is implemented as a relational
database provided by SQL Server™ from Microsoft Corporation.

[0042] Analysis computer 28 communicates the roll information as well as anomaly

information and respective sub-images to conversion control system 4 for subsequent,
10



wi th shipping a web roll to each converting site, shipnent options
avai l abl e for each converting site, current order information from
cust onmer swo4origsedived by each converting site, data spe®ciyusegiozonor
preferred customers for each converting site, and other data that nay be
useful in selecting conversion plans. [0053] As described in further detai
bel ow, defect processing nodul es 60 output defect maps 72F that specify
whi ch anctflincedetaijed apakysis d Epeerag e dhe pégrawtian myy bewemamiwicddy waoefuct s
12. In oth . f ' web
roi 1 10 dnge e G SR A A be TR co B PR ol eGP B f i
particul a& defect |ocations of a particular web roll 10 based on the
product -s ific requirenents of the coryesponding product 12. [0054]
Conver si SHORY 10 Tongp REN BT Mz PECTRE Bt ety et TR TiRlan i t h
conver si Qi CORAIOL il SapliRidvibes Ob & aldifitib LS Ror 9T U MaYS Btta OF
each of the web rolls 10. For exanple, conversion control engi né 64 nmay
anal yze defreatovirepscty2F(400. dib¢ enageniatavhiay be tfrmpd dijuitatly, 1@, wowhdobd | ow a
particula;. web.roll 10 to achieve Xi. yield. (i ;. utilization) of
Phe web, i) AEPGHERNYT B Prrs st Ry BTy ogRE bt by B Lt er s 1 or
consi der afch@Bitiou c6ﬁ@ﬁt%f§27‘l§ht§19@_¥réﬁhs SNALRA i MRS 8SSiangi kermaps
72F, such as usage of web material, the nunber of units that” would be
produced A¥y(4éhch of web rolls 10 for the different products 12, an
estimte upt .of revenuecor profit. that. woul d be praoduced t he b
o 1T or JBER i BRI Rp R ek Bl ict B RS e B e
t o converdf thdenape ldafaGtre &g witke the@atinidi@l eNthe PIREMGH Havebaed cobefgurs@eni ne
capacity for each process line within converting sites 10, current |evels
of demandoptel aepbingd gnbigutansof hfferaat Mx¢ derpelizaten KeBniqpgossh agritng t hi s
process, i 5 i determ ne that a particular web
roll 10 &%ggﬁggﬁgggl%ﬁpﬁﬁgggg%gFgﬁ?éﬁgggﬁéhieve maxi rumyield) if converted
into mul tlopdsd Jmadghuctdnphier A8that fyglicwent aisomap dytectsoncaigarithinrtolideaify ne 64 may
det erm ne that first portion of th may be best utilijzed when
conver t edegignothf 3eb ﬁp’g@w&g, N igs @‘éﬁﬁﬁw% qqﬂ&ﬁﬁl?l&re@oe}}m@rnéﬁ_»mﬁ pr oduct .
In this Gasg alfo%\rfaaba{bnfa@ggﬂm 1S 0GY 185t 6 1 IRNRI @b &sie 6fB&H§TP&%drhf%'& iglef ect
map 72G that speciTies the defect |oCations within each portion of the web
based on redeincoby gapoi gunyspcavpdingteguiphicohetdnaf pon¢ smerd 0§ mowingevaotver t ed.
Conversian control engine 64 may create the c osite defect by
Spl | of ng IBRET ohes BRI BT Lo e e SO PR M B S EIIEE o
conposi t e<rslef fexitiveBP £ thb@teREderBayRbmanyt AL GbsitPeN tikahRiGt A1B6rim is
particul ar product or set of products for "a given web roll 10, conversion
control engicrélsdesiané suahebata cpaappect ¢ visucdriods Botaletqsiedris rramaligsarely,
conversiqp<&lq&:7 1 provides precise instructions for processing the

. Cver Cur. . . .
respective web rol'l. Mre specifically, each conversion plan 721 defi nes
confi gur g0046]UpcH applydsessiinial Moamlyt det@dtos iabmirithm Sdnabgistdogpueb 28 nt 0
i ndi vi dual product sheets. Conversion control system 4 outputs shipnent
i nst r uct iarEniley @emahgdathabanitherdentifisd regiens sehsiorst the ppomalyalataesiliat i ve
destinatiog,,Gos @@@%g@hé&*?%@icaﬁgﬁﬁﬁ&{% a%&gt" sﬁloﬁ%f‘ﬁ% UloBlalPYRhETHE
comuni cates converSi on plans via network o the appropricate converting
sites 8 fvab amsleani amcampassmigipivgl bifve oflelichridédtgicadntgon. hBusieg das pdegaspduct s.

[0057] User interface_ podule 62 provides an interface. by whjch a user can
conf i gur éNHES SamARiSE 27 Sxigiclis By lien ﬁb&eéﬁ%&ﬁ i (}r&rlcféﬁia%hégef&glorior exanpl e,
user 1 nt E‘Johtaaﬁﬁné“@ﬁ%&nﬁg (ﬁj).' @ﬁ@ciﬁ@ﬁlfy?@ﬁ& alfPactbh BEhc GPIBUA! SR RRBE ol
engi ne 64 to consider one or nore of a fmaxi num web utilizati on, nunber of
uni ts pr odfecediiorestedstn eokxtrved der, fughen matesbpprsttited ammhcsd hyecanapaoint y,
current |levels of d nd. and/ or ot he aranmeters. .[0058] .FIG 5 .is, a flow
i ngr am (AT IREEL ol BB ol rsRRBS Pl a0T G GrPRR s aly &

conver si qBase @M brdet oBMadBdé 1dsh tHad rthN@ibitslah frinatidd) a ldida€dd B sizeFih @ny S
illustrates the processing of anomaly data 72A and i mage data 72C %y def ect
processi rgnrgdent axcagoe spguBdile sepvebgron control system 4 receives the

i mge and anomaly data, such as inmages 144, 146, that were extracted
initially froma web 20 by an anal ysis_ conputer 28 | ocated at a web

manuf acturing plant 6 using a sinple fﬂfst detection algorithm




[0060] As illustrated in FIG 5, defect processing nodules 60 apply "M
different algorithns (designated Al-Am 88 in FIG 5) as needed for up to N
di f f er entwoequioseament s 80 for products 12. Cross-referemrce/usaiha2®2s of Fl G
5is used to illustrate the mappi ng between requirenments 80 and def ect
processi ng nodul es 60. Specifically, cross-reference table 82 shows which
def ect processing nodules 60 are utilized in_determ ning whether each
anomal y il8047]detecxtragied angragly émpepsinggyke steyed & gilatabpse d4ar p dbesprvadnot] 0061]
In sone { raer . S I are
conveni enpPy L Goaich Ber Y oSREaRh f PveridH (G oRIAPELERTRIA © fa
at | east thaendhaly bed solbiséaativon (elf) e dlitepradcedsg sthaeplhinthrhesiobinamalyy an

al gorithm {hat includes conparing each onmal y agai nst a conbi nation
t hr eshol dMFRAFOIHANORa I A8RS m@ﬁﬁéf@ﬁ%?ﬂ%? ks ORIPFESSING by SRBYR5HIAN
optical fiL#srsvdpenomaly having only a subtle difference in brightness

value froma target is unacceptable if the area is large, and an anomaly
havi ng a [§048]tF16i. fHiez block diagrdm ilktratewsanf axemplke d¢nalragienentalf genvessiomaccept abl e

even if the area is,ve sl |. 062] In addition, the algorit appl i ed
by def ecteopaLRaem b Tthr aE b b PesipondSEs PRGHEPER T Sde

processi NgoAles A8 Redtin@ehiRGihan férmekiudid@odBbd 6 NOSoftv e htfduleQinclude a

nei ghbor hood aver agi ng, nei ghborhood ranki ng, contrast expansion, various

monadi ¢ anerabityaadfidetachpryecsymgimedudasi (OdsO0Mi gisaalintfifaqeanodwle 6lietd as Lapl aci an
filters,(§8b%H08%8n%h%rshe hgh-pass filtering and | owpass filtering,
texture aﬁaY?gls, ractal nal ysis, frequency processing such as Fouri er

t ransf or e049)Bofaved elodtilead s irREast wislofuabadé 70 RSaccoBRr RROT N §HeE mpy ocessi ng,

t hreshol di ng, connected conponent anal yses, bl ob processin%%ﬁblob

cl assi fi da¢glpémanongply d¥afieAatallotide THbiegee date 3¢, RIPdert idelEDragn sl i ed

based on ¢ i fil i j acy
evel of it R il 8 A REh HRRSHIR R Bt ol ERFRIBEPHZY can
be acconpindsbedtrsish ppns@Plect ed conbi nati ons of individual defect processing
requirenen 2. The_al gorith may use ve sinple threshold and m ni num
bl ob pr odaééqlﬁaa%l?a%s @aa&ﬁﬁm@"f%néﬂn 1 GRAET & BERDHOT ShfsFa 1oy pgfuding

mor phol ogj &R} stOREE &id A bhe o HRALENGYast irﬂarn%énen\f‘@%@étﬁst (DBSFERdcng 85 any
ot her known | magé processing algorithnms. Tn thi's exenplary cross-reference

t abl e 82,onproodwct datelpse sewent ARbnaseamplccbtdbiarall snmpfenaingolrastahaitiods]l A4,
and Am each applied to.every anonaly ima o det.erm ne which anonalies
are_acpuéﬁ%ﬁ@$§@P§%f%%y§§ﬁ‘$%Vﬂbsg%gﬁw@gﬂ§§%¢m@ﬂ@'BPnents, a sinple OR
logi c is (00PN Rmall dgta 720, AYdRE 778, anddmadddatdT C e8REdent 6 rgnonal y as an
actual defect, that portion of web 20 does not satisfy product requirenent

Rl. For splemation: esomplylitiosmptimsandtrawcriog anonbourpgesrceived fremregort s of
the subseguentc [ SOUNLETBNER: 53 PLaEOmRl PASLIDLS @ dalermnatlng of whether
a product requireren I's'satistied may be'nbre conplex an a sinmple OR

| ogi c. SigFbdatd 12 (RGOU MNVofceptidifiedBN proddctUuRes7 L deffids caditypdof goduct TAUS,
the anomalies that are identifjed as defects for R2 nay be simlar to or

si gni f i caneqdueille by spdrronyeréing gids dctar agh product Bopmduat dasd 721 R4CHIGIMRE whi ch
anomal i e i f S - ze, t e 82,
conver si on e AOREHABLRM BdRlcREER 1R S eSS R B A B Gt

| ocat i ongrolidfrsetsyier thenpatity eh@ranamitofos thermadiatarpeeylict. elmenha wads,t he rol | .

In sone situyation conversi on control engine 64 na nerate qQne or nore
conposi t é)ra@ééé%ta TRPSPIS B YR T H@*@Sﬁ@%&%%ﬁ@%ﬁ%ﬁm R OGErEEL maps
72F. 1 n tihiafallhd HRded} 8a 9XRAMRY fma GODYETSE 8 HADbIoRLtANYI Nne 64 generates a
conposite map” 72G having a first portion 90 spliced froma defect map for a

first prd@082 CeguitmgrsgndataNRB-rRirpscatrdlate ssecontdd pathtdoovertibg 9fsf&: dira def ect
map for a secpnd praoduct requirenment (MAP- . In this nner,. conyersi on
Cont ol aRgTRE SRRy ERie ST R TRt Akb OragPrh BupBetor R S AP ey t o
por ti ons @frehhRaiehle BiRcEPBY ich§rodet Brciof ERhRTCoR@EMESiRs 8OTRRVENng has

been done, it is often possible to discard the subinage information to

m ni ni ze sithdatadeBenasstoicatecr it tcldoes)t npUlimKed toddataspesifying meugent
Processi rlgvegg)fin%‘é&%%%? g&chﬂ%B%cﬁE? éggaégfcoﬁxhe?t' ”@%ﬁ%égﬂ%ﬁfég&o%a 3Ryt hms

I
appl i ed by ect priocessi are nmonly “assi gned
and co-pending U S. Patent Application fo. 10/ 669, 197, entitled "APPARATUS
AND METHOD FOR AUTOVATED WEB | NSPECTI ON, " havi ng Attorney Docket No.
58695US002, filed April 24, 2003, the entire contents of which are
i ncor porated herein by reference



[ 0066] The intra-device pixel normalization techni ques described herein
make use of a recognition that existing techniques for normalizing a
backgr ourmionespsmee of a vi sual inspection systemto acRCEXS2@1020020r m
background signal for a given inmage capture device nay not necessarily
result in uniformdefect detection. In other wrds, the techniques

descri bed herein are based on a recognition that, in sone cases, a system
r esponse ‘with $THRPI)E 3 (e rpkhépeachicenvastying sitp, plopmgetfapsiongietadablie dor ¢ral) be

di fferent E r i el 4 i e
packar ourid S nar T SRR EAR Ry b SR Gk AR A R Baerl,

cal i br at esita, ddtssprlifying pewtar prefayat @ntonterafiticastecaivosisig\wit and okigr daad
intensity signal un%form’ty, for a sing]e inmage capture device may not
necefssarithﬁfm@’a [V %HP?%?%H&C%%‘E%WW_ Spotential defects across the field
of vi ew Cﬁ)ﬂﬁ]‘%s&é@ é(ﬂﬁ%’[ﬁ@?ﬂ%ﬂéﬂ%eﬁﬁwdﬁ ct ﬁrggéﬁng-ﬁ%cﬁ%r@%%gﬁlﬂ!défect
recognition, the techniques herein provide a exi'bl e I ntra-device 1 mage
correct i onapse@hrthajuspedifyavhiah howsalas asesonssloct aagiabdgfeas fos sheedifferveer , or

tomated sof tg defi d, adj ust lizati ts tak
roma pitupdicy 5 g pusr et dedith Ho ol eolRrBR s gor b wato Ds o
gai n- basegldGapbast pRMuaND. of fcf Akrbasmes 7PPEFRI iR ahd Qiicds: dehak Idchons of

mat hemati cal i mage mani pul ations for normalizing raw i mage data match a

def ect r espomedarfweb mllt@rhasedcenithe grafcesicalfic rFqUESMEBA-Ghpewdspendingi npl e
exanpl e ilrloléjsct[ﬁgti ng these concepts. [0068] FIG 6A is a plot show ng
exanpl e A Ufmag‘e data 110 of a background signal output froma single

i mage caf0os4 CRWeBRMInab! enbi@t64 dhalyizBs 8dTb@ neap8TRF en adcdvdano@g@hdat a 110
illustrates the bacqu ound signal output by the jnmage capture device for a
si ngl e piceBYerpiopgsontolaules 43H tuteditheadtimgle qopwersian whed ©F archefithowali on
backgrou i | ﬁggﬁ . i singl e
l'ine scarrl}gugg(gﬁgérriéé %lgllb[sl‘i é‘ﬂiﬁ rsi Iggl %‘%% uﬁﬁg% g@%g)%%mﬁf%&;né‘gg 7§1ngor ey

| evel s. Alegirmére wigtk of piodudthé2 eeatddllont a pireculangeb edptLutoaceve ae may
increase light intensity. by an additional 25 units, faor readi ng of 115
units. HOREUBRM Xlﬁlds(bﬁfeutélgé‘é‘@:b of throwebt AN EErobrses /A sRECHH PEF ekl

char act erhéie!pasmdiert %r%nﬁﬁer_%ﬁ&?by %@%icﬁ{%nﬁsf‘é{gﬁ% o4 Prat ﬁ‘écé&%in he edge of
the field of 'view (pixel P2 in this exanple) may Tesult 1 n an 1 ncCrease

| i ght i ntdefist ppeT2I2Bucnist wagoo! wcl mawiinl thef nubder ohimiss. thdthwaenldhy be caused,
for example, by.differences in lighti angl e at .the t ositions

var i ance rityis oY Faitoratgonus To orthe Bt P Pis s gnen sl o PR ance i n
optical GBadnaebepio kife$ wolil@bdedRse By e Wb td1Efod bddheotdtiaPRoHEdtQNSa OF

ot her optical conponents of the inmage capture device, or |ocal differences

in envirdreenss ime dlst avouidbsteqeinechtopony@hisie mebupecached @8] diffpient pBducts, a

LUt r BRI RN Br LS RY PR B OO RIXP  RGTRL B3 O

approach 7i's or ma ackground signal” td a uniformtarget

light | euRimaall fd:QAckibf produdts 12 Bhdoxepmphctescal i ng factors for each pi xel
position are calculated for the cross-web | ocations of the field of view
and appl! i (8853 Pume BisIrecssh SENYRESIPR SR caging AAMmaysistamys. thatip pestiaddl | a

scaling faaf Qi {00hePuPRLE LA e £ ARSI, Plnt i 0GR IPedilinBPint! cul at ed
as foll ows: ]%cal i n%f}a1 act or :e%\?'g'ét ?Ic?r rrla?]?zegl a?lqge (})cher age i e
Backgr oundjltipiexebdidad 1. Infether svoady) cenvegiiaecondrol engied 6 mapdbiczaine oimtwal ue of
100, a scfal i ng.fac pr SBi f qr bpi xel . | gc%t ion P1 can he cal cul atfd as
fol | ows: Hrstpotftion of the web may be best utilized when converted to a first product, and a

second portion for a different product. In this case, conversion control engine 64

generates a “‘composite” defect map 72G that specifies the defect locations within each

portion of the web based on the corresponding product to which the portion is to be

converted. Conversion control engine 64 may create the composite defect maps by

splicing portions of two or more defect maps 72F to form a complete, composite defect

map for the entire web.
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Spi = 100/90= 1.111. [0070] Simlarly, a scaling factor Sp2 for pixel

| ocati on P2 can be cal culated as follows: Sp2 = 100/130 = 0.769. [0071] In
FI G 6B, wonorvmgidizaed background signal 120 can be achi ecedishyr1appks cati on
of gai n-based normalization using scaling factors cal culated in the manner
descri bed above. As illustrated, the nornalized background signal 120 is
uniformy flat in a cross-web direction, where each pixel position produces
a nor mal i[983P1 Wpg sclestieg a particnlpr piednctpr et predustsripoe gvan oigbeeldk 18al i brati on
backgrou i 7P i | i e .ze that,
ot ¢ hough FRLragn e Ghe] U Bl ech oL £ BN E R oA LE IR, Bad GE000ER
response phat M2 Irpesyéest pré@sdiastagitionn tbrippdcemsng the sespoaiveoadh dotlaMan, a

gai n-only apprqach nmay not. necessarily achjeve.a uni form systemresponse
with res ﬁ@ﬁilgfggd EHBCONYRTIGR P 2] ﬁ*ﬁé@%icgr}h@%t% AEPGERSTRAER 1P ar o based
on & 1 ecqanlihRnaibate {BPinkY R PRANSGHELNCORIRGEH obitrdl fRGH 4det ecti on
may be differerit fromthe systemreSponse wth respect to background

vari at i omutfdOFepmetgnnseruanpisalircagng thesbipnanedt ¢anh MeGrolb B) tappdspeditve on  of

scaling factors Spi and Sp2 t he light. intensity values 115 and 157 for
he sane FETEHEN SOV s DN CPIYEiNE" PTRLSUIE ORGP Bed val ues. of
127. 7 unidofiv@idn Iiia?éﬂs Gidkith Stk I @IREEEIryRiate cddfingdlittHQ eeHsB R/ FeriveaRg
background signal nay be rendered uni form by application of scaling, the

r esul t antth¢ weknglistiptol thy edlected profiis.ed to t he sane defect at the different
pi xel 1o i may _neverthel ess praoduce di.fferent light intensities. In
Chis exargPeh Gisb Rk c SR IEHE Bt BY Shich 495t bl it esfe

| ocat i on RAZamdtere ubed yaddnzelidnio@itsl dnginead4u &ForByarh@ik] useein@tfaae deidart62
classification threshold TD of ' 125 light units, causing the anomaly in the
mat eri al Alewsdhaiisst BydirgbepnvemiggenrakengingfocopdtaPnaoamorqel zent er of

al
the fiel - Vi 1R % ' Pl - a
nor mal | zaa AU ThriRlaiGh, SuBRRbEEorodlits SBRaR RER ERBRLHEEC | on
t hr eshol dnddBjnccapsdityg ciirhat &volsmif emand el/oedtieripatanicderbe treated as a
defect. Thi X l.e demopstrates.that an original yariance in the response
of a def 49{:5%%1%“‘3é%@§ew l%grilraé%ﬁtiﬂﬁ}ﬁtr@ﬁ ﬂ}erpracqswag a_}[mormqiéwf%rﬂaﬂpﬁ&y
det ecti OnoHeMLBR ORRMISGHER 4B fartY@deRNC &n biktich@B F1G! § AlisRkePinet he def ect
even though the background signal was cal ibrated and nornalized using a

scal i ng fractessing Woareonady dath 72Ahind imrgahite /2@ ppldeteat propessing anagmilas-66nl y
nornalizghbéﬂ(gﬁproach 1catuse nor e aﬁénalies 0 be,.cl assified as defects
in the calP=H CIVERLYORME SFCP LIaNES PEURPSSHYHNCMEY o 5UCh FHLWREY ed as
defects atat by, @tlg QerdxttabRdfinighlty 86mvd ©¥b 20 By 8R BRaIPISERAButerSISCBc ALK A

val ues may be represented as binary integer values, although for purposes

of expl arfavtomanfacturing plaat @ushpaninmdle 8rsh detsctipscilpenthinal ues. [0073] FIG 6C
St AR S SE LD, ST LB RIESE) 2 0Y MPRRRARGD Nas

utilized ize kgr ou Si'g 0 "uni evel of 100

units. | milgdHtbmekaRigheted of {5688 irf PIG. 83adngrdsd forap tanedicRi@utaureméas t he
cross-web | ocations of the field of view and applied _as correctiaon val ues

to the cotrfespodastngZr baemmgfcrnce mble PorfiklloA s pyed geHbwERS themapriast for a
'FI)'Z; ;:atcu:\g{eﬁ\g{e?l?g q 1 e{i}'(tasxﬁ_@ ﬁg&féﬁ%c;t(gﬁ%c%gpﬁgﬁo&ﬂ&%. aé‘p%gifi%ﬁll}t,%lrdsg-\i\@fére%é set =
table 82 shows which defect processing modules 60 are utilized in determining whether
cach anomaly is a defect or a false positive for a given requirement 80.
[0061] In some embodiments, a larger number of rather simpler algorithms are
conveniently used in parallel. In particular, it is often convenient that at least one of the
subsequent defect processing modules 60 apply an algorithm that includes comparing each

anomaly against a combination threshold-pixel size criterion. In actual practice with, for

example, optical films, an anomaly having only a subtle difference in brightness value

14



[0074] For exanple, given a target normalization value of 100, an offset Op
i for pixel location P1 can be calculated as follows: On= 100 - 90 = 10.0.
[ 0075] SiwoDl2arlogs91an of f set Qp2 for pixel |ocation P2 cancThsS2@aloewwkat ed as
follows: Op2 = 100 - 130 =-30.0. [0076] As shown in FIG 6C, a normalized
background signal 130 can be achieved by application of offset-based

normal i zation by adding the offsets cal cul ated above to the raw video 110
acqui r ed e mtarkel ipaeac§eRSable iiHhe aicp at larggs and anygnomedebiavings geept diigrence
backgrou | i i.f.or: f i SS: i i on, where
each pi xgﬁ b%gg@tg%sof%&%ra ct)%ﬁé:{emgh% l%%{%ﬁ%@é%%@ﬁhgﬂ% e\e/éé‘ﬁ@gﬂ’ 5rf%%f'uni ts upon
scanni ng [0062]daladbitian, the algacRatiscappticdray deficed proddeviry atoduls 68tcait ed above, the
t echni ques applied herein recogni ze that Ifj ke the. gai r] nly approach, the
of f set - oriNSPTAYBROSERCHBRIHENAFSAITP &S TS 2ad fefed X Artion ns i p a0t ce

[ eSPONSE jihidy bEAEMoriRARAEIIRUAd AR ARy, Bitfradt BEALEAStarfAL Y
approach may not nécessarily dac feve a uni form%ystem response wth respect
t o def ectmoetdecindalyadic[i@OF7 nafbpnlacmasyd]gital Bleridg sush pat.gdadian fikt€as, B¢l
application of qffsets i. and,0P2 to the |ight intensi val ues. 115 and
I for (ReredermeebPenTRring Aa v BeS 1 GHEE pE- Liraeb S Pe it RISy mal | zed

val ues Offr&qgénc@ POk dsSin@Rebhl Rolribinird S forfB 2RE Glak Mel tYansfoikhs, conkb Ay

normal i zed background signal may be rendered uniform by application of
scal i ng, mérphelegighk pracesping cheishgldingyeangeeied edropansdt anglyshe b ochsslogt at

the different, pixel. | ocati ons m ever thel ess oduce.di fferent |ight
et ¢ e R Rlioh QSRR G IR SRR HES L8 bRl Cd WP
view at phxeleclfRoadt sl Resct types toddNBve 2@Mdsitdit ROSiaty loval dfelctxedélgionhe
defect classification threshold TD of 125 light units, which causes the
anonal y i[A0eHEaehoEhedY prasluplerehpieapads $sca kerceemplishad going seleted when

| ocat ed . ] . fi . i b X i
appl i cat :Lgﬁ{béﬁﬁﬁﬁggggrg{vé@%%%?ﬁé) 'r((%e? Ssugé ge\éggﬁ%gﬁsts f@ %.e‘ﬂsl%%%8ﬁfeh¥1§2{u 5{ %Sepr oduce
a nor mal iveedsiimplethsdshyldwal uenoiun Bobtfhedessiag bsmbed comptldrealpbrithaiielich asausi ng
t he anomal y,t% be di sr egoar.de[\d. Thi s anrrpl e germnst rates that an original
vari ance SPAti4l AktCre Bloapwiogial aperatiens, TrgiucHCy Bpa YA YLt PERSES R Ohethi n a
field of yh&WnbRh ifhiige HBE&SIk UMbHRVHS CInTRY HBAbfhASEro@SrcforRiciIE 821 N
classification of the defect "even though the bacKground Iight |evel was
cal i br at ggoartrayorementAadisasa pgmbihhtat of dgoritkas A, cApssd Wab chaicapliehto
Moreover, in this exanple, application of .an offset-anly.nqrnalization
appr oach YRy ATEL WS Ay E SIS BemliGuaprrid Atk WOt ¢ he
edges of doh@erdiéiftlethvOlinydn@Va 3ish1E Rl ﬁﬂ@@?ﬁblo?%d,ti% H%n?bﬁ%%,'&,@ﬂd ag, defects
in the center of the field of view [0078] FIG 6D illustrates a uniform
backgr ourfép®t theagnomaly asehiaetabidaiget b nogten ofvds 2Gdecs ahsagis® nrpduct conbi nes

pon veldidisctapi g i a1 bdocse !
o mat t zdca RPN TR SRe SRR Gt e tbhE RRRE FRI RO PR P by

t he technubsgGerdpediiretnepfs@RAE tebined it & dttcANinhEot SOWEARSGa fro@t
conponents from both gai n-based and of f set-based nornalization, where the

sel ect ed TedHFOHBAPY isarbslipdapy Demgreempieetan Fiapple OR lpgigmiedadpef fi ci ent s
Si - sn e ort | f i 4 ion

2l gor ¢ hrie S HERAnER K ARREAT A, BRERE s, B bRl Ik PO AP

t unabl e. defectt foeR, wayde sirhidar te ac bigpificedtly differchethhnideficets fake®cri bed herein
are used el ect, a proportionality between different_nornaljzation
results dhgéﬁd%f?erﬂe IR ieh dgemalies 4¢ posird a5 H?@?Ctséwa_é@a CEpss-

gai n- basedr-RAARILIZET Bhuliol BhHR] 2RGnEB4 RlrhRGle LRTEd nPE 78 bESGuA! xel

val ue.
defect locations corresponding to the various product requirements for the roll. In some

situations, conversion control engine 64 may generate one or more composite defect maps
72G by splicing one or more portions of defect maps 72F. In this illustrated example,
conversion control engine 64 generates a composite map 72G having a first portion 90

spliced from a defect map for a first product requirement (MAP-R1) and a second portion
15



[0079] In the exanple of a FIG 6D, a first coefficient of si = 0.8 is

sel ected and a second coefficient of s2= 0.2 is selected, where Si

repr esentwoaopasidien of the nornmalization to be taken fiPomush@1obdoget - based
approach and s2 represents a portion of the normalization to be taken from
t he gai n-based approach. In other words, FIG 6D represents a nornalized
signal 140 when an 80% wei ghting for the offset-based normalization

al gor i t hi2 fsom galgfachmap Aprimeepishpigiledt redupmmeieMAPIRY. b this Mankpai n- based
nor nal i zat.i ; ' . [ . 0 ' g | .gnal 140
o S | ae§tsBh B8 iS4y R a4 BRlaf B pORTKREHBSRIRTS

posi ti on porieised sheawctoamebnveedd lintg i ffdremealrodifctsl @hagnhis hadipeen deaarinisng t he
calibration background material. Far_exanple, assunming the coefficients of
20% and SO PRsy ttb@lék@@iim%}m@?ﬂnﬁomtmf@é@ﬁnﬁglzefheg@eﬁ?ﬁ frarage mflige]  p1

havi ng a ! ! - of I lized as: pi
= 0.2* S&P%%ef&l “{51‘9%@%%@%%% f?,l%%i&%g@oa n %’% {i%%%%%g a%%%gg%%ﬁg a{%%%l%&yi el di ng
a nor mal ideesttipn xgbrithatsiepptitd py defectRtoaksin@Piodiled 60 Sienddsentied, byaconamenly

lrjlg(r: lr(rglr ?gg\gsﬂgf&&g& Lﬂeo\-lfélng{negitgsrlgatggt Alp?f)(l)icgtii’loirf I%o.altO/(%d,(ledZ let?thtﬁet(ii ‘QKPIEXRM de be
AND METHOD FOR AUTOMATED WEB INSPECTION,” having Attorney Docket No.
58695US002, filed April 24, 2003, the entire contents of which are incorporated herein by
reference
[0066] The intra-device pixel normalization techniques described herein make use of a
recognition that existing techniques for normalizing a background response of a visual
inspection system to achieve a uniform background signal for a given image capture
device may not necessarily result in uniform defect detection. In other words, the
techniques described herein are based on a recognition that, in some cases, a system
response of the visual inspection system for defect detection may be different from a
system response with respect to normalization of the background signal. That is, a
mathematical algorithm that is applied to calibrate a visual inspection system to achieve
cross-web background intensity signal uniformity for a single image capture device may
not necessarily lead to uniform treatment of potential defects across the field of view of
that same image capture device.
[0067] To address this recognition, the techniques herein provide a flexible intra-device
image correction technique that allows a user, such as a process engineer, or automated
software to define and adjust the normalization components taken from a plurality of
different pixel normalization algorithms, such as gain-based correction and offset-based
normalization, so that the mathematical image manipulations for normalizing raw image
data match a defect response for a manufactured material. FIGS. 6A-6D provide a simple
example illustrating these concepts.
[0068] FIG. 6A is a plot showing example raw image data 110 of a background signal
output from a single image capture device prior. That is, in this example, raw image data
110 illustrates the background signal output by the image capture device for a single pixel

line in a cross-web direction from a uniform, calibration background material. In this
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[ 0080] However, with respect to defect classification, the light intensity
val ues 115 and 157 for the sane defect at pixel locations Pl and P2 result
i n nor malwoedivehuaes of 125.6 units and 125.8 units, regpEaisemealogeo2dhus, by
selection of an 80/20 ratio for offset/gain correction, the resultant
intensity levels attributed to the sane defect at the different pixel

| ocati ons produce substantially the sanme normalized |light intensities using
t he techrixguiels, deseantds@icchBi of ﬁte single hpesscandigkgroundhegmd dhhpyevalpaeensi ty

val ues at - I X I ti . P l.assification

{hr eshol T B Az g e (ot e e R b M BRI P E 2

to be cl dsakidcdgthamtansiebeah adAtiviud 2§hnay Soenrcndispolises tinita Heleet, inay vary

with respect to Ioa tign within a field of view for a given detection

devi ce, tRMS %4 %\éﬁﬁP&VmBé QERSUTSP I sical (hRRGerIRUCSB I TR & B gR SRARE

nor mal | Zaatnh‘?ignﬁg@fo%%ﬁ_a%%%ﬁ%@fﬂh@%ﬁl‘ SEvie BHEHIP2IiR 1SBEAA 1) hfierdaghni ques
a ol ynom al C

may be vi ewe applying a correction on a per-pixel basis in
whi ch di fiienemtreaso tightl ineasityoof Zlcietsder arcedmeiodhd edni. t Fhiginky be emtsed,
coefficients so.as tp..achieve . .uniformdefect detection.in a cross-web

di r ect i orfoF PP 0 BTG &b gl LIS g R et B e

hi gher - orgdgjonRolottROMiffetentt AEh i Bo1 € Qhliffek iPBptTRRY claeneatity o hepHRRRSRNt ed
as: s Bpi +.s where Pi represents the corrected pixel value, pi

r epr esentas thendiffermat piskeins papiber opticaBmpperis oh thedimage eanture slegise.iarheasl f or
i mge cory tion.(e ,[ased ai n_based, background subtraction,

. . 0. of et
war e of P lfEhed if aflronn@hlad SindiRc e 3 Rt fiflg, 020KBY Ol BUPTTES

coef fici g0069]H1G- 6BnlliRAiSSRAhpREIRE iZ Ak icOent RQfaid-oml§ pixl Berniaddetibd rom t he
different algorithns, where the coefficients are dynam cal Ilyégadj ust abl e,

i e., turf@prasch jsiitdizadio npsmghize thpbagkesomdgians! eswifosadarget kg 1aebolised to
sel ect a t {.omal i e I t.zat | a per
o1 el - basit 0 RS WA dpSLIRAY fticry Bty BREMB R PR R 0 2

pi xel valwuessanch lacatwht s€thcliasddl viow nmd ag@itdpo xed conabpumdag: sibnpatathave. The
same proporti on?litg/ qag/ bF u§ed for all pixels or may be det ergi ned for
each pi x dlosition. In general, 4 scaling Tactor for a particular cross-web pixel location can be

calculated as follows:

Scaling Factor = Target Normalized Value /Average (i.e. Background) Pixel
Value.

For example, given a target normalization value of 100, a scaling factor Spy for pixel

location P1 can be calculated as follows:
Sp1 =100/90 =1.111.
[0070] Similarly, a scaling factor Sp; for pixel location P2 can be calculated as follows:

Sp2 = 100/130 = 0.769.
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[0082] This flexible approach can be useful in many different industrial
applications. In sone situations, for exanple, the material being

manuf act weadoarg4diaspect ed may tend to have honbgeneous PsTrrusetinoe®?2s hat
pass light uniformy, such as gray filnms. For such filnms, an increase in
light intensity applied to the filmwhen inspecting the filmresults in a
simlar increase in the light intensi t% recei ved by the visual inspection

system |[A0GUdR Faas@, a rormakirgd kpgkeepnesigeal R san bmﬁv@veg&iyr@-p@a@ean of
normal i z In

ot her ca ahPB'atrsg@ o%a&%éﬁ%u%&%b%fa@r? h%aggtte %ﬂo atnagaieggg%gfaﬁé Tzation
may be prfesf Rlustbdted, tlne mrmahiedﬂfmytk@(ppnd)aghalzlef)@s urﬁfmimly Bathiniaqgues-waby be
useful , r exa o called dark field i cat.i wher e nor nal
filmres rrgeorr,gr@qu %a%ﬁlw ROTH R deges ﬁaomﬂﬁegﬁehkhrﬁ@?qﬁgWéleﬂééramnr ess
a defect ;i ?eﬂ? ?%tn thé Balibldt &&E@Bur?@ﬁ%nal”%&lﬂ&fer Fhe i%@l'inl\lg @glléaet to
zero, providi or a proportional normalization schene reo in sonme
cases t héctae m'uogmesthaaytltb«wglnshd app;roa}:lnphgly coappdicd k@achusicigifarm intra-

hi gher - or ered useful, for | e, .when the

mater | al Sy SR PIREACH Garshid GafEprRgn Stk stese Py REAE te RR G et he

opti cal Pwa@h ffa tnbﬁné&&sﬁfﬂﬁéch@%@%&ofrﬂ sydin 4spSSseWaikh RkpRetd @iflect [ 0083]

An alternative ne hod or applying proportional image correction is to take
an iter atdeoeetlalp)pibfﬁah tlneotet:kneqtmschp@m arer’@ar;thqp eme@@lttlmthptrfbpé}f&t@mnal ity for
or oport 1 drarrrs ™ bF Bopates v e af BF Aend bl Sat et itk

havi ng arkgjéertoqraclgromd\rurﬂaubﬂne pol ynom al . For exanpl e, this can be done
by first calculating a required offset amount (faor instance) and using only

a port i od0872]thescxapplants iHuertediafToneB raprlirsigarof sealingdagterig fier &l Bwi¢ ect i on
I's obtal Incﬁ%hélt& Hﬁty%r&s%saﬂ&’ %’7 g;l?;ﬁ#] mm@agr%g{\ 15 EFRAL ﬁfﬁﬁdﬁ soci at ed

with a hi hlsrre ere 1s a single proportionality
const ant ra:nﬂit 1hfmer1halgzhéIVahlbsieflZ?dEﬁlilts(}lndl’i'QQ 7ametsdemnﬂea1y Thas alttidughscal ar .

The foll ow n ations riz th| i pl.enentati gn for irst order
pol ynomi glormy lzeﬂ%@ %Sounf sgg?@ (Fere Ol’mq’yﬁpp lPé ?C%h&gttﬁﬁ‘% raw

pi xel valugtaft 1h%n§1%¢1e9él§@9ﬁ$ﬁt9&‘%| tht ¥arROBSEANE tlfeQﬁffet@h?&ﬁ;(GIQ&aftlbﬁ@ﬁlra&0r al |
pixel's), T is the target normalization value, Pi is the average background

pi xel valnsr:ee;rﬂ&less praduec differang gipti inehsio . slatthls amdnlﬁei\hbmphoxzebd gearthe Thi s

approach i el ) sults as 0 in Fi .80. This
con be ¢ 1RSaGAL MRS ARy P B0 ERRLdR: BN osB G R M PERaReY Fspect | on
ar r angemagisy aa@lfee@a@srsifahﬁomesﬁ@rd TEsERSaIdht ¥nivd, 8hilideN8e 8Rd¥Baly in the
proportionality 80/20% bet ween the two |nplenentat|ons 0084] FIG 7

is a fl ovmﬁaml t9 ér: distagardedg Iaeprésaawhen preaisd ssarfthe ceerenfthmfield of bisw at

ffi of b
\(;Iogeol g;ﬁp xeﬁecceatlérg g 1 ,gtﬂe gﬂ@?lsi%lg?ttrgwslgr eda I{O%a dn%{ehglg;[ \Iia?ue é)ff 12It7h7eth£1

IOﬂSS

embodi mengxceals € ddféoabla@sﬂﬁémioﬁrthr@bhdldiTbmaﬁmlﬁg lthe dpoatesHate Matdﬂlal foebd mage
capture devices of the visual i nspectl on system of the manufacturing |ine
to produdeatodiswidgbst. dBlig cxamply ¢ emﬁesteéﬂ&ﬂb%taproeﬁl%reﬁnar il respeisedfanyl e,
be a mat t where
N G S S e =

exanpl e, aMaerarlamesndmsmﬁcajmrofttheém|erf@1 theuagjt ﬂhe(bﬁcktgnmmi&gdat atis on

mat eri al , istribution of defects.in the cross di n may be
subst ant | &It S?tﬁ‘grﬁnfiélr’ﬁ?l%lt?@ UPIRE R SRYISLREPE uwreoa%gg%a fﬁ‘a s
statisti cgly 'gﬁéuﬁbﬂ?'n%hﬁﬁ%tlbﬂ‘%&é‘é‘c% iy ARSL RBREarothatie! ﬁ)%esclés‘éﬁﬁh'age to the
ot her cross-web | Ocations. |n anot her exanpl e, the raw video data nay be

capt ur ed defectssialth ¢ameer of the field of view and fewer anomalies to be classified as defects af
the edges of the field of view. In some systems, such pixel values may be represented as
binary integer values, although for purposes of explanation the units are shown herein as

decimal values.
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froma material as the material is being manufactured, and an average,
cross-web defect distribution profile may be repeatedly conmputed and
adapti velwoadjumtsad in real -tinme after inspection of a @Cvars2éiengioks of the
manuf actured web material, such as 50 neters of the web material. In this
exanple, it may be assuned that the real cross-web defect distribution of
t he manuf actured web material should be uniformor otherwi se conformto a

known pr dPPTH FIo68sllustigtesickraplecassitts imthg cyend 98 offsefronde ppispacivy ®mat ed

sof tware sei S {0 f: f [ Gt ent: Mot

ot o deviZSE oRuhalit b Bhldfhu s AP R Rt Gy BOAEULE RS

propor t i axamptey offsctcfonsech positioaachcatulitbé faviad trakd-ech rgomsarfnied fiddiof on

al gorithns. Thf iqitial set. of coeffjcients y be selected from default
coef fi ci eEY 2B BRAISHSP FOELHIOP JAMEN KIS FHECHPBUBS scadHigi ah &1 Positien. nlly be

sel ect ed ng_ﬁ%%E' aﬁ%ff?&%ﬁy ﬁﬁ?@laﬁ%ﬁr—w% kel lggat{m_rbldflﬁggh'lrc@l%efi% fARsyexanmpl e,
for gray Tilnms, default coefficients o? 100% gain and 0% of fset nay be
initially configured. For dark-field applications, default coefficients of
0% gain and 100% of fset may be used. As anot her exanple, default
coefficients for a fjrst order_polynomal may be configured for other types
of for per-pixel nd? tFEEPESHN9WW%E§iHPG&OE%W@%%F#Y@“%f 80% of f set and 20%
gain. [0086] After selecting the initial set of coefficients, the raw i nage
data is normalized using the currently selected set of coefficients to
conpute normalized val ues at each cross-web pixel location for each scan

| i ne over[00Ty Ktowramelb, ¢gieai tirgdt nbhiealizan@evadad af (05610 offJh@©mdsripkdlzed | mage
data is then anal yzed usi ng one or nore recipes to classify detected
anonalieéOVﬁPBIﬂéﬁééﬁ§a%Pbgﬁﬁ¥@§bﬁﬁﬁing sets of defects for the different
reci pes (158). [0087] The resultant defect data is then analyzed and a
defect distribution profile is built in a cross-web direction for the field
of view of the currently selected canera (160). That is, a sumof the
nunber of defects i@y det@ n90re100r each cross-web | ocation over the
down-web I ength of the inmage data to forma cross-web defect distribution
profile for the calibration material or segnent of material currently being
manuf actured. [0088] The defect distribution profile is then exam ned,

anuf act _ i ed.
the aer eafOE TP REAT R B PR &P Pl BB A IRl AR P (e

defect distribution profile may be anal yzed to determ ne a range between a
cross-web intra-canmera | ocation having a maxi num nunber of defects and a

| ocation having a m ni mum nunber of defects. A tolerance |level, such as a
difference of 1% beé®@wmeel0thBUoc#(.ons havi ng the maxi mum and mi ni mum
nunber of defects nay be 24 wused to determ ne whether the current
coefficients resulted in an acceptable defect distribution profile. Oher
techni ques may be used to determ ne whether the current defect distribution

profile i[gofd|aks stoMain¥$GacS ARz EH-RELIN BighMasD chilBe Adhihed v9f defects
at each intra-canera pixel location. [0089] If the defect distribution

profil e iapphettionst effseitiascd navmalizasivady addiigribeeiients cahanlated ehewedeltheghvwar e
selects a.different. f i ght ed. coefficCi for the intra-deyice pixe
mor mal + 22t S ayirSE o e AL B AR A IS B A Rl P AL

coef fi ci efigral $PEBIuhfoANIYAagai Neloss@db At #aticeactapidcQissiohsesdleased
normal i zation, the coefficients may be adjusted by a defined increnent to
speci fy, nogmalizeddighlevea,lQ8uRitarrprswsnyting the calrpatipn hakgeyad aaterials t hen
nornmal i z j LG ) I i 1 prafjle is
Const 1 ot e b AR B 96 bl o R o LRl T S h O BBl
accept ablappfohbly the d&})-onlfhapprqach eeydeapplicdtoeshandumnéym henateiicel y be
applied to sequence through the coefficient conmhinations of for higher

or der po|r9%ﬂ9ﬁfeawgﬁ EerPFet t%ﬁa%waﬁabhﬂgam Bt thaodsstraniy PRATOIENIRSY RO s

achi eved.pecessarily achieve a uniform system response with respect to defect detection.
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[ 0090] Once an acceptable defect distribution profile is achieved (yes of
162), the process is repeated for each i mage capture device of the visual

i nspect i oNOYEBME164). In this way, intra-device pixelPCmarSa®iLiozas on
equations are devel oped for each inage capture device. Once devel oped, the
intra-device pixel normalization equations are applied to normalize raw
image data fromthe respect imge capture device, and the nornalized i nage

data i s JPBTHIYEgxempledsnitlpstiptslondiloneC ofppliprionet offsets Qrapndh@vi taghdlef ect s

when con i r3lc r trs. 9 G 8
is agr a\g%hg L“g%sﬁg%élggg%:@d} s]ts?i fBW%%%ﬁgra%‘%ﬁ %gf%éfr%g?%% };jracl)l %q%o‘é;éqlﬁlrll aw

i mage datmrielized valizs 081 25.0 ahits Asl RTDmmiisnrebpdCtivd8y. Whes) althélghziongalkzed
background materjal, the inmage capture device produced an average

backgr ourkickigHRd stz maﬂhesrelﬂﬁgfﬁeqfa% t2pp %at@wgé@@ngeﬁh@ |5?S}&I$PI_%bac kgr ound
val ue OV%tehilﬁk%%l%tlfiﬂﬁ{te& {380 TBIHRS &ﬁéct%@@l@%’f'ﬁfer@ﬁt Slﬁxé?%ﬁ%ﬁ’s‘&ﬂgy signal over a

single cross- pt xel Tine. In elther case, as own, backgroound si gnal
200 i ndi omveshddsapraduec diffegmt gptivtcesitev i loehis sxarople, skaslotatedénen thhe edges

of the field vi ew. . l.n addition,. Fl 8 sho n_uncorrected cross-web
Get ect ai<ger Pbibe st S ir R BEHO R Bion e U R B AT I TS SRSTRE 1 e
uncor r ectRebclefgsficativs tirbdold PR oPI DS lidiR udfS viticiHeRkES! 86 afihal iytet 0 11 ght
intensity to illustrate a systemresponse when a defect is presented at
each of tmacalde be meticppxelefededn conitrsbivhichdodatpdlgwacthpconter efeh¢ Geld afn ot her
exanpl es, .defect distribytion. profi 202 may,.be uted as a s tion of
The humb e EaekedbRloh B Al o B oo BB o RIP S, RS St HTEE

down- web tb [fpﬁgiube ehotmdleed altensit) QARE of 125 frRMRIISbBIGwWIHhe tigctiblddamsing tiger ve to
further illustrate the process described above by which a process engi neer
or aut onetemaboPbiaissegdcde (it prempbedemenseaies thapaperigisald arighoe iéhe

i ntra-devi i i I -t i . 16S,: 3. shows
" syot em caonSr &6l gRO TR SAHLOR 1634Eh wihin & RebdUiSady R EaerRiyBl ceVtée

of f set - basgdmanifgseead a variaandirlélagiHicaticoof the efent aee tlauigh itledbdckground light

normal i zation of the raw pixel. data. The renmaining plaots 204-220 show
system r deyRdasaliignd erehomlAr g udee a_&%f‘_é% ﬁs%%?%r\ﬁétaﬁéatwpmgﬁw%
| ter ativehYs eAlRAC Qb EAANILRBHSQRI M iZERIDIDRIL AR GRY! fgrel T oM 100%

of f set-based n zat1on down to 100% gal n-based nornmal i zation using a
10% decr ememialibebheemsafict as deeets iroat.thededgeaohthetfietdaefi voeny anthé&evwaropor ti on of

the of fset-based conponent i justed and r i ning portion of

correcti c?filoFlgﬁ%tSctﬂi S%S@gi& ﬁ%a?fﬁgjs Ght&‘ﬁpﬁggreﬁh%ﬁgﬁiogivg%y pr oduci ng

of fset/ Qqnm%}@IQihBBQIlﬁﬁfétEsrﬁ?\Iﬂﬂ@ﬂﬁ bh &R dHI0Te Rl ﬁ@@&clﬁex@&’%?%bﬁliéaﬁo@% gf fset /
100% gain. [0093] As shown in FIG 8, neither the 100% of f set-based nor the
100% gai ricthaipig thgisomhiles cemponcats dfigabubrsed petrestion withaaffssbbanall comedtion. That
is, 100%.o0f f . ed nor. izat i r def b styi.bution profile
202 1 hat P QT8 T ynAE L RYLRR BERHE BRI Sl " T 0006 gat n
appr oach tegsitucedppln adpréipi-esital dorséctioh Uhviag coisbiticdnecotfbrich@tfraneBothtg@th-i N n
increase in defects in the center of the field of view In this exanple, of

t he conpuasef a¥erseebasad newpadizatan. sihsre the seleged eoraprucntsywoidaptydy f or

of fset-b roml.j zat | i = e L i .

G stri urcoauRer el 854 LEMet S oo laRAP o3, R TR WPl Bt RO PHOGHichs for )

i nt r a- cankgffereptr mfrimaBzatiCongegitiens, wherd the ichefSicextrgpd éynaancallytadasthdla, c.e., pi xel
normal i zati gn equation of: pi = 0.5* Spi*90 + 0.5* + Opt), would be

sel ected ¥ 1%s'gd’aﬂ_ﬂ€‘6 RSt c26h PW@EFI&\/\‘/G?%@?S 95%@%?@%%@ PSP SFlgEt i on,
where Sp 4rofdio '|t§;7/ b&RREL SR et REMYA - B BRG] 15&%&&%%, sBffad e of fset

val ue, respectively, that woul d | ndependently nornalize a raw background
| i ght i ntreegirtignaligy befwaen & bain-bpsodetormalized kg emluciaghan offsgrwsied, val ue.
Using the sel ected coefficients for the intra-device pixel nornalization
al gorit hrﬂogﬁrlﬁ%ggﬂl’heiv%&el ed data of FIG 8 to achieve normalization of a
system r g9pm)98 thd EAnfpRSORLEIG. @I athsttdasrfRagk 8f QI8 & @ntedand adeéset
detection in a cross-web direction across the field of view of the inmage

capt ure devifteeent pHogs}.2 | lected; wheregn mpresenid wipagionat dea narmglizationtto e
fil f | ' f : ial,.ln thi
exarpl o, ‘BRI S e B TR snb B AR e ol G sl P St gsidla o 2

same as in FIG 8. The renmaining plots<of FIG 9 serve to further
illustrate the process descri bed above by which a process engi neer or
automat ed software selects the offset proportionality constant (s) to be
used for the intra-device pixel normalization equation. In this exanple,
pl ot 303 shows a systemresponse to defect detection when coefficients for
100% of f set - based correction (s = 1.0) and 0% gai n-correction are applied
for normalization of the raw pixel data. The remai ning plots show system

-, .
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[0095] As shown in FIG 9, neither the 100% of f set-based nor the 100%

gai n-based approach resulted in substantially flat normalization. That is,
100% of f swo-2bra#sdd1maor mal i zati on produced a defect di stripbmttisosijoe@wbs| e 302
that resulted in an increase in defects at the edges, while 100% gai n
approach resulted in a defect distribution profile 320 that resulted in an
increase in defects in the center of the field of view In this exanple of
t he conputk feetla gaizhescd gnproach: |I@rﬁherézv%%ﬁ&t@%mrmeptwfnoemﬁlw f or

of fset - bag ﬁ%}apﬁﬂfz &f}éﬂ éﬁ%d?%}@@g'f&%ﬂ@%ﬁ? rb%rs&?ﬁdrﬁﬁ %ﬁf&lg @Sogl?rﬂq %dtn? 50750

for the n on | t1on use genera uced a
di st ri butdoajunpti@f witk a3B2 harghn@ fonehd et baﬁ:ti normzmmtlom alighathim.cA®SS- web,

e RLt i RSBl P o £ SSepifs B
woul d be grlg&t %e?é’é’aélig%l ShitisH ﬂ%hh S aldFm AR 1 Ql%v?’l%'f Y60 dhitEa@sdn Pi xel

| ocati on, wheré pr esent e gal n-based scaling actor and t he
of fset v alcmlng ths peltravel Yackptvand wetdrchl.nbomabhinpe, assnanngothe Icge:ﬁ[iuiedtsloif ght

i nt it t hat | t et,.li t | Usi th
ot ensE LG 0SB BBl A0 L ST VAL UL,
2l | OWS 1 higy R Ok B O41uT 8 wuldbenENRgr el | Zati on of a System

response with respect to both the background signal and defect detection in
a cross-web direction across the field of view of the image capture device.
[ 0096] Various enbodi nents of the invention have been described. These and

ot her enbodi nents are(yﬁgggp96 %Eﬁ%&pg f the foll owi ng cl ai ns.

pi=0.2*¥1.11*90 + 0.8*(90 + 10),
yielding a normalized pixel value at pixel P1 of:

Pi— 100.

Similarly, a raw background light level reading of 130 units at pixel location P2 would be

normalized to a value of 100.

[0080] However, with respect to defect classification, the light intensity values 115 and
157 for the same defect at pixel locations P1 and P2 result in normalized values of 125.6
units and 125.8 units, respectively. Thus, by selection of an 80/20 ratio for offset/gain
correction, the resultant intensity levels attributed to the same defect at the different pixel
locations produce substantially the same normalized light intensities using the techniques
described herein. In this example, the normalized intensity values at both pixel locations
P1 and P2 exceed the defect classification threshold Tp of 125 light units, which causes
the anomaly in the material to be classified as a defect. Although system response to a
defect may vary with respect to location within a field of view for a given detection
device, this variance may be accounted for using the calibration and normalization

approach described herein.
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CLAIMS: 1. A method conpri sing: capturing i mage data from a manufact ured
mat eri al using an imge capture device; applying a first one of a plurality
of nor malwoabiios4fiuncti ons to the i mage data to producePpatfuseet/opmesal i zed

val ue for each pixel of the inmage; appl ying a second one of plurality
of normalization functions to the inmage data to produce a second nornalized
val ue for each of the pixels; conputing a final normalized val ue for

each pi xdP08Y Ix genginlothedeqmiqucs magfoetviravad; as £ hydieaapqlyeamig hgaiecctipr| o a
portion \ ofe! ' 10 : | xelisy

Py bcessi 5 PRE! FRRORS MO Bt AE ol RGO LhERE R el ot e

manuf act woeffichateyd Blto achita unifogmalfratdtegionint crapredbatitcciiat fontifeld cef ect s

in the manuf actured materi al ; ) nal yzi ng, the anomalies to determ ne a
def ect di‘dEW IR FBeN PhagF iCrRIVECHCVIde The histhSEPTCE BOWRSTRY B :prigh gorrection

adj usting,} RENL R fE g i rst normalized value and the portion of the
second nor&Q??Eed§valﬂ§.%se Eﬁhen conputing the final normalized value for

each of the pixels so that the defect distribution profile is substantially
uni form

P=s/p' +-+5Cp +5,Bp +5,.4

where P; represents the corrected pixel value, p; represents the raw pixel value, A,B ... Z
represent different algorithms for image correction (e.g., offset based, gain based,
background subtraction, dark offsets), and s; — s, are coefficients for the polynomial.
These coefficients s; — sy represent normalization portions to be taken from the different
algorithms, where the coefficients are dynamically adjustable, i.e., tunable. In other
words, the techniques described herein are used to select a proportionality between
different normalization results on a per pixel-basis, such as a proportionality between a
gain-based normalized pixel value and an offset-based normalized pixel value as shown
above. The same proportionality may be used for all pixels or may be determined for each
pixel.

[0082] This flexible approach can be useful in many different industrial applications. In
some situations, for example, the material being manufactured and inspected may tend to
have homogencous structures that pass light uniformly, such as gray films. For such films,
an increase in light intensity applied to the film when inspecting the film results in a
similar increase in the light intensity received by the visual inspection system. In such
cases, a technique more weighted toward gain-based normalization may be preferable. In
this case, s1 may approach zero. In other cases, techniques may be more weighted to
offset-based normalization may be preferable, i.e., s; may approach zero. Such techniques
may be useful, for example, with so called dark-field applications where normal film
response results in diminished or no light reaching the sensor unless a defect is present. In
still other cases, neither sy nor s; are set to zero, providing for a proportional normalization

scheme. Moreover, in some cases the techniques may be used to apply correction using a
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2. The nethod of claim11, further conprising: | magi ng a background
material with the i mage capture device to provide background i mage dat a;
and woeebausiag the plurality of different nornmalizaCrams2émneionons so
that each of the different normalization functions normalize the background
| mage data for each of a plurality of pixels to a connDn desi red background
val ue. 3. The nethod of claim?2, further conprising sel ecting
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iterative approach to the proportionality where the proportionality for any given
normalization algorithm is based at least in part on the proportionality previously
determined for any normalization algorithms having a lower order within the polynomial.
For example, this can be done by first calculating a required offset amount (for instance)
and using only a portion of that amount such that the remainder of the required correction
is obtained through gain or additional normalization techniques associated with a higher-
order. In this method there is a single proportionality constant and the higher order
coefficients are dependent upon this scalar. The following equations summarize this
implementation for a first order polynomial:

T

P=Gl(p-50,) O,=P:-T G ==
—sO

where p; is the raw pixel value, s is the proportionality constant (per pixel or fixed for all
pixels), T'is the target normalization value, P; is the average background pixel value, O; is
the average pixel offset, and G; is the pixel gain. This approach yields the same results as
shown in Figure 6D when s = 0.80. This can be thought of as taking 80% offset and 20%
gain. Different inspection arrangements and materials may not necessarily yield the same
proportionality (e.g. 80/20) between the two implementations.

[0084] FIG. 7 is a flowchart illustrating an example process for determining the
coefficients of the polynomial to be used for normalization of the raw video data received
by a visual inspection system. In one example embodiment, a calibration material is
initially processed with the image capture devices of the visual inspection system of the
manufacturing line to produce raw video data (150). The calibration material may, for
example, be a material of the type to be produced by the manufacturing line, where the
calibration material may have a know defect distribution profile. For example, when
considered over the entire length of the calibration material, the distribution of defects in
the cross-web direction may be substantially uniform such that no particular cross-web
location has a statistically significant increase or decrease in defects relative to the other

cross-web locations. In another example, the raw video data may be captured in real-time
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5. The method of claiml, wherein conmputing a final normalized val ue
for each pixel conprises applying a higher-ordered polynomal in which a
pl ural it ywof2odidsianent normal i zati on schenmes are appl i e@CorUSa01pOLO0RS X el
basi s and summed using coefficients that achieve a substantially uniform
defect detection for a field of view of the inmage capture device. 6. The
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distribution of the manufactured web material should be uniform or otherwise conform to
a known profile.

[0085] In cither case, a process engineer or automated software selects an initial set of
coefficients to be used for the intra-device pixel normalization equation (154). That is, an
initial proportionality is chosen for each of the available image normalization algorithms.
The initial set of coefficients may be selected from default coefficients previously
configured by the process engineer, and may be selected based on the type of material to
be manufactured. As one example, for gray films, default coefficients of 100% gain and
0% offset may be initially configured. For dark-field applications, default coefficients of
0% gain and 100% offset may be used. As another example, default coefficients for a first
order polynomial may be configured for other types of for per-pixel normalization with a
proportionality of 80% offset and 20% gain.

[0086] After selecting the initial set of coefficients, the raw image data is normalized
using the currently selected set of coefficients to compute normalized values at each cross-
web pixel location for each scan line over the down-web length of the image data (156).
The normalized image data is then analyzed using one or more recipes to classify detected
anomalies into defects or corresponding sets of defects for the different recipes (158).
[0087] The resultant defect data is then analyzed and a defect distribution profile is built
in a cross-web direction for the field of view of the currently selected camera (160). That
is, a sum of the number of defects is determine for each cross-web location over the down-
web length of the image data to form a cross-web defect distribution profile for the
calibration material or segment of material currently being manufactured.

[0088] The defect distribution profile is then examined, either by the process engineer or
the automated software, to determine if the defect distribution profile is acceptably flat.
As one example, the defect distribution profile may be analyzed to determine a range
between a cross-web intra-camera location having a maximum number of defects and a
location having a minimum number of defects. A tolerance level, such as a difference of

1% between the locations having the maximum and minimum number of defects may be
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8. The nethod of claim1, wherein adjusting the portion of the first
normal i zed val ue and the portion of the second normalized val ue conpri ses:
det er mi niwgQ 20hw@8gant i on of the first normalized val ue; &0W/US2011/020028
determ ning the portion of the second nornmalized val ue based on the
previously determ ned portion of the first normalized value. WO

2011/ 084914PCT/ US2011/ 020028 9. A system conpri si ng: an i nmage
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distribution profile is flat, such as a standard deviation between the number of defects at
cach intra-camera pixel location.

[0089] If the defect distribution profile is not acceptable, the process engineer or the
automated software selects a different set of weighted coefficients for the intra-device
pixel normalization equation (154). As one example, assuming the current coefficients
specify 100% gain-based normalization and 0% offset-based normalization, the
coefficients may be adjusted by a defined increment to specify, for example, 95% gain and
5% offset. The raw image data is then normalized using the new coefficients and a defect
distribution profile is constructed and analyzed to determine if the defect distribution is
acceptable (156 — 162). This process continues and may iteratively be applied to sequence
through the coefficient combinations of for higher order polynomials until an acceptable
defect distribution profile is achieved.

[0090] Once an acceptable defect distribution profile is achieved (yes of 162), the process
is repeated for each image capture device of the visual inspection system (164). In this
way, intra-device pixel normalization equations are developed for each image capture
device. Once developed, the intra-device pixel normalization equations are applied to
normalize raw image data from the respect image capture device, and the normalized
image data is processed to identify portions of the web material having defects when
converting the web material into one or more products.

[0091] FIG. 8 is a graph showing defect distribution profiles computed from model raw
image data for a web material. As shown in FIG. 8, when utilizing a background material,
the image capture device produced an average background signal 200. This may represent
the average per-pixel background value over the length of the material segment or a
background signal over a single cross-web pixel line. In either case, as shown,
background signal 200 indicates that the image capture device is more sensitive on the
edges of the field of view. In addition, FIG. 8 shows an uncorrected cross-web defect
distribution profile 202 for the image data. In this example, the uncorrected defect
distribution profile 202 is depicted relative to light intensity to illustrate a system response
when a defect is presented at each of the cross-web pixel locations of the image capture

device. In other examples, defect distribution profile 202 may be computed as a
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a conputer-readabl e medi um storing paraneters for a plurality of different
normal i zation algorithnms to normalize a background signal for the imge
capt ure d&0i20e81/8®w1a common desired val ue, wherein the cecpaiSerHne@dabl e
medi um further stores a coefficient for each of the plurality of

normal i zati on al gorithns; and an anal ysi s conputer that conputes
normal i zed val ue for each of the pixels of the inage data as_a wei ghted
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producing offset/gain weighted combinations from 100% offset / 0% gain to 0% offset /

100% gain.

[0093] As shown in FIG. 8, neither the 100% offset-based nor the 100% gain-based

approach resulted in substantially flat normalization. That is, 100% offset-based

normalization produced a defect distribution profile 202 that resulted in an increase in

defects at the edges, while 100% gain approach resulted in a defect distribution profile 200

that resulted in n increase in defects in the center of the field of view. In this example, of

the computed coefficient combinations, a proportionality of 50/50 for offset-based

normalization to gain-based normalization produced a distribution profile 214 having the

flattest or most uniform cross-web, intra-camera profile. Consequently, in this example,

an intra-device pixel normalization equation of:

pi = 0.5* Sp1*90 + 0.5%(90 + Opy),

would be selected and used to normalize the raw image value at each pixel location, where

Sp1 and Op; represent the gain-based scaling factor and the offset value, respectively, that

would independently normalize a raw background light intensity value at that pixel to a

target light intensity value. Using the selected coefficients for the intra-device pixel

normalization algorithm allows the modeled data of FIG. 8 to achieve normalization of a

system response with respect to both the background signal and defect detection in a

cross-web direction across the field of view of the image capture device.
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WO 2011/ 084914PCT/ US2011/ 020028 13. The system of claim9, wherein the
coefficients for the plurality of different normalization functions wei ght
each of twe 2difdserient normal i zation functions so that deCeatSzan/ondo2s

anonmal ies using the inage data is substantially uniformacross a field of
view of the image capture device 14. The systemof claim9, wherein the
anal ysis conputer adjusts the coefficients in real-tinme when the
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mat eri al across the 1 nage capture device. 17. A system
conpri si ngrmalization equation. In this example, plot 303 shows a system response to defect

detection when coefficients for 100% offset-based correction (s = 1.0) and 0% gain-
correction are applied for normalization of the raw pixel data. The remaining plots show
system responses when the techniques described herein are applied to iteratively sequence
through the coefficient combinations ranging from 100% offset-based normalization (plot
303) down to 100% gain-based (plot 320) normalization using a 10% decrement between
cach iteration. At each iteration, the proportion of the offset-based component is adjusted
and a remaining portion of correction is achieved using the gain-based coefficient,
producing offset/gain weighted combinations from 100% offset / 0% gain to 0% offset /
100% gain.

[0095] As shown in FIG. 9, neither the 100% offset-based nor the 100% gain-based
approach resulted in substantially flat normalization. That is, 100% offset-based
normalization produced a defect distribution profile 302 that resulted in an increase in
defects at the edges, while 100% gain approach resulted in a defect distribution profile 320
that resulted in an increase in defects in the center of the field of view. In this example, of
the computed coefficient combinations, a proportionality of 60/40 for offset-based
normalization to gain-based normalization (as opposed to 50/50 for the normalization
implementation used to generate FIG. 8) produced a distribution profile 322 having the
flattest or most uniform cross-web, intra-camera profile. Consequently, in this example,

an intra-device pixel normalization equation of:

P =G(p,~0.60,)=———(p,~0.60,)

l TP 060,
would be selected and used to normalize the raw image value at each pixel location, where
G; and O;represent the gain-based scaling factor and the offset value, respectively, that
would normalize a raw background light intensity value at that pixel to a target light
intensity value. Using the selected coefficients for the intra-device pixel normalization

algorithm allows the modeled data of FIG. 9 to achieve normalization of a system
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a conputer-readabl e medi um storing paraneters for a plurality of different
normal i zation algorithnms to normalize a cross-web background signal for an
i mge capvonrelidsyilde to a common desired val ue, wherei nPCRAIS2011/020028
conput er -readabl e medi um further stores a coefficient for each of the
plurality of normalization algorithns; and an anal ysi s conputer that
recei ves image data havin i xel values for the cross-web field of view of
t he i nagec®epsuyEh a@pi:vééog teobaskigwsnd sighplrpadidekegt Jaipaiionfinp CEENCBf t he

pi xel s of ;. i y\ﬁ S LQn.of results from

appl i cat idcl)Itnegg?ﬂ ‘gc?gﬁ%etggﬁatd\?\%vgef tgg%:ﬁg%elééﬁlg‘?érr% ization al gorithms using the
st ored pdo009dt\éirikyus embodinwher @ithe inkientikindraed beaeddseriibeadntThestedridreharei ght i ngs
for the results of each.of the different nornmlization algorithns that
produce £MhdIBEHS tieauthiHie sgep ftE%f‘gﬂ)&fm%ClWé%s- across the field of view of
the i mage capture device. WD 2011/084914PCT/ US2011/020028 18. A

conput er - readabl e st orage nedi um conpri si ng program code havi ng
instructions that cause a programmabl e processor to: recei ve i mage
data froma web material using the inage capture device, wherein the inmage
data conprises an imge of a cross-web portion of the web material across a
field of view of the inmage capture device; apply a first one of a
plurality of normalization functions to the imge data to produce a first
normal i zed val ue for each pixel of the imge;
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apply a second one of plurality of normalization functions to the inmage
data to produce a first normalized value for each of the pixels;

conput e awbiznaloswannel i zed val ue for each pixel as a sumCofUSaoipordR®Hn of
the first normalized value and a portion of the second normalized val ue for
each of the pixels; and process the final normalized values to
identify regions on the web material containing anomalies that represent
potential def dekAIMS:the web nmaterial. 19. The conputer-readabl e storage
medi um of claim 18, wherein instructions cause the processor to conpute the
final normalized value for each pixel by applying a higher-ordered
polynom al in which a plurality of different normalization schenes are
applied on a per-pixel basis and sumred using coefficients that achieve a
subst antilal |y MMM ROPISIE: det ection in a cross-web direction for the

field of view éa%%uh@? é@ﬁ?é%%t&%‘&%ﬁaﬂﬁ%&ﬁr%d rna%&r%a_l 188e %R%géee{aﬁfelﬁé‘ﬁémé?
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wherein the sec%nd oneﬁff th rmaliza ipﬁlalgonithns is a gain-based

| ized value of the 1mdge;

nor mal i zdt PGS TGS IAR O cach pixe

applying a second one of plurality of normalization functions to the image data to
produce a second normalized value for each of the pixels;

computing a final normalized value for each pixel as a sum of a portion of the first
normalized value and a portion of the second normalized value for each of the pixels;

processing the final normalized values to identify regions on the manufactured
material containing anomalies that represent potential defects in the manufactured
material;

analyzing the anomalies to determine a defect distribution profile for the
manufactured material; and

adjusting the portion of the first normalized value and the portion of the second
normalized value used when computing the final normalized value for each of the pixels

so that the defect distribution profile is substantially uniform.

2. The method of claim 1, further comprising:

imaging a background material with the image capture device to provide
background image data; and

selecting the plurality of different normalization functions so that each of the
different normalization functions normalize the background image data for ecach of a

plurality of pixels to a common desired background value.

3. The method of claim 2, further comprising:
selecting weightings that determine the portion of the first one of plurality of
normalization functions and the portion of the second one of the plurality of normalization

functions.
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WO 2011/ 084914PCT/ US2011/ 020028 21. A nethod conpri sing: capturing
i mage data froma web material using an i mage capture device, wherein the
i mage datwoconysises an i mage of a cross-web portion of PChaSash/opmberi al

across a field of view of the inmage capture device; applying a first
one of a plurality of normalization functions to the inmage data to produce
a first normalized value for each pixel of the imge; appl ying a

second orfe of Bieupgthed 9f Jrinhbrwkareia adiusing the ortsmeoTttee ﬁﬁénmﬁﬁéléedj‘é%lﬁe to
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normal i ze or eac I'xel "asa sumof "a or
nornalizednwahueﬂandnmﬁmnnédﬁmumﬁlkhﬁm&ﬁ&ﬁﬁ&inornal|zed val ue for each of
t he pixels; and processing the final normalized values to identify regions
on the web material containing anonalies that represent potential defects

in the wep mat@fdAbthod of claim 1,

wherein computing a final normalized value for each pixel comprises applying a
higher-ordered polynomial in which a plurality of different normalization schemes are
applied on a per-pixel basis and summed using coefficients that achieve a substantially

uniform defect detection for a field of view of the image capture device.

6. The method of claim 1,

wherein the first one of the normalization algorithms is an offset-based
normalization algorithm; and

wherein the second one of the normalization algorithms is a gain-based

normalization algorithm.

7 The method of claim 1,
wherein the manufactured material comprises web material, and
wherein the image data comprises an image of a cross-web portion of the web

material across a field of view of the image capture device.

8. The method of claim 1, wherein adjusting the portion of the first normalized value
and the portion of the second normalized value comprises:

determining the portion of the first normalized value; and

determining the portion of the second normalized value based on the previously

determined portion of the first normalized value.
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22. The nethod of claim 21, further conprising: anal yzing the
anonmalies to determ ne a defect distribution profile across the field of

vi ew of tWwe 20mge1eapt ure devi ce; and adj usti ng t reTaSRAILORO00$ t he
first normalized value and the portion of the second nornalized val ue used
when conputing the final normalized value for each of the pixels so that

the defect distribution profile is substantially uniform
A system comprising:

an image capture device to capture image data from a manufactured material,
wherein the image data comprises pixel values for a field of view of the image capture
device;

a computer-readable medium storing parameters for a plurality of different
normalization algorithms to normalize a background signal for the image capture device to
a common desired value, wherein the computer-readable medium further stores a
coefficient for each of the plurality of normalization algorithms; and

an analysis computer that computes normalized value for each of the pixels of the
image data as a weighted summation of results from application of at least two of the pixel
normalization algorithms using the stored parameters, wherein the stored coefficients

define weightings for the results of each of the different normalization algorithms.

10.  The system of claim 9, wherein the analysis computer processes the normalized
values for each of the pixels to identify regions on the manufactured material containing

anomalies that represent potential defects in the manufactured material.

11.  The system of claim 9, wherein the analysis computer computes the normalized
value for each of pixels by applying a first one of a plurality of normalization functions to
the image data to produce a first normalized value for each pixel of the image, applying a
second one of plurality of normalization functions to the image data to produce a second
normalized value for each of the pixels, and computing the normalized value for each
pixel as a combination of a portion of the first normalized value and a portion of the

second normalized value for each of the pixels.

12.  The system of claim 11,

wherein the first one of the normalization algorithms is an offset-based
normalization algorithm, and

wherein the second one of the normalization algorithms is a gain-based

normalization algorithm.
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13.  The system of claim 9, wherein the coefficients for the plurality of different
normalization functions weight each of the different normalization functions so that
detection of anomalies using the image data is substantially uniform across a field of view

of the image capture device

14.  The system of claim 9, wherein the analysis computer adjusts the coefficients in

real-time when the manufactured material is manufactured.

15.  The system of claim 9, wherein the analysis computer computes the normalized
value for each pixel by applying a higher-order polynomial in which a plurality of the
different normalization schemes are applied on a per-pixel basis and the results are

summed using the coefficients as weightings.

16.  The system of claim 9,
wherein the manufactured material comprises web material, and
wherein the image data comprises an image of a cross-web portion of the web

material across a field of view of the image capture device.

17. A system comprising;:

a computer-readable medium storing parameters for a plurality of different
normalization algorithms to normalize a cross-web background signal for an image
capture device to a common desired value, wherein the computer-readable medium further
stores a coefficient for each of the plurality of normalization algorithms; and

an analysis computer that receives image data having pixel values for the cross-
web field of view of the image capture device and computes a normalized value for each
of the pixels of the image data as a weighted summation of results from application of at
least two of the pixel normalization algorithms using the stored parameters,

wherein the stored coefficients define weightings for the results of each of the
different normalization algorithms that produce a uniform treatment of defects of a web

across the field of view of the image capture device.
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18. A computer-readable storage medium comprising program code having
instructions that cause a programmable processor to:

receive image data from a web material using the image capture device, wherein
the image data comprises an image of a cross-web portion of the web material across a
field of view of the image capture device;

apply a first one of a plurality of normalization functions to the image data to
produce a first normalized value for each pixel of the image;

apply a second one of plurality of normalization functions to the image data to
produce a first normalized value for each of the pixels;

compute a final normalized value for each pixel as a sum of a portion of the first
normalized value and a portion of the second normalized value for each of the pixels; and

process the final normalized values to identify regions on the web material

containing anomalies that represent potential defects in the web material.

19.  The computer-readable storage medium of claim 18, wherein instructions cause the
processor to compute the final normalized value for each pixel by applying a higher-
ordered polynomial in which a plurality of different normalization schemes are applied on
a per-pixel basis and summed using coefficients that achieve a substantially uniform

defect detection in a cross-web direction for the field of view of the image capture device.

20.  The computer-readable storage medium of claim 18,

wherein the first one of the normalization algorithms is an offset-based
normalization algorithm, and

wherein the second one of the normalization algorithms is a gain-based

normalization algorithm.
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21. A method comprising:

capturing image data from a web material using an image capture device, wherein
the image data comprises an image of a cross-web portion of the web material across a
field of view of the image capture device;

applying a first one of a plurality of normalization functions to the image data to
produce a first normalized value for each pixel of the image;

applying a second one of plurality of normalization functions to the image data to
produce a second normalized value for each of the pixels;

computing a final normalized value for each pixel as a sum of a portion of the first
normalized value and a portion of the second normalized value for each of the pixels; and

processing the final normalized values to identify regions on the web material

containing anomalies that represent potential defects in the web material.

22.  The method of claim 21, further comprising:

analyzing the anomalies to determine a defect distribution profile across the field
of view of the image capture device; and

adjusting the portion of the first normalized value and the portion of the second
normalized value used when computing the final normalized value for each of the pixels

so that the defect distribution profile is substantially uniform.
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