OPTI CAL WEB- BASED DEFECT DETECTI ON USI NG | NTRASENSOR UNI FORM TY CORRECTI ON
TECHNI CAL FI ELD 100011 The invention relates to automated i nspection

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 nodem 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 system for products manufactured on a continuously novi ng web

typically uti]] r ' r ' t | 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
anomal y.

TECHNICAL FIELD
[0001] The invention relates to automated inspection systems, and more particularly, to

optical inspection of continuously moving webs.

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),
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[ 0004] Linescan or linear array canmeras are exanple inmge capture devices
commonl y used in manufacturing of noving materials. These caneras have a

si ngl e arwayoofosgintel sensors for capturing i nage dat a. PEDUSecdampioes an

aut omat ed vi sual inspection systemmay utilize nultiple |ine-scan caneras
arranged to span the entire width of the noving web. Each of the |ine-scan
caneras may include a |inear arrangenent of photodi ode sensors that provide
a |ine secdfBriBstoFscRREyBcIgan 3hich, alaser spagpsiacrospi defingd portien ebihp aebitye | mage
dat a pro%%gggfgxﬁgggmgrrangenent of multiple |line-scan caneras represents a
single |Iithe o* I'mage data spanning the entire web in the cross-web

di r ect i or{0063]Hemayaapdsecanvagénabpibual énspestionasstems lswffie frath tritra-davécemat ri x

canmeras, contact inmage sensors (ClSs), . an raster-scan canera in which a

| aser smé@&gtl%ﬁl%-gn OTHEP Wikl resBeat i eélﬁ(ﬁyﬁ@}g«&gﬁg% eapé%fﬁgﬁ%%&i%é% dat a.

[ 0005] | YR 5, o j i i i f from
NnARAYViERSSR unl@&ﬁl\f@%!t@g §lﬁ$ %% aym?ét %ﬂ tgi gg@%;@@@%ﬁ& b el

i ntra-device detection non-uni t I ndi vi dual i mage
capt ure debstegsllyitkaiticalsyeti amonaideto weclavorited mliffaemit 35 anesult of tbae or nore of
t he i mage capt.ure. devi ces,. cause .gu nti.al |y identical webp anomalies
to be. of S0TRlEyT BV HE QTG e e PETIOP ViRe S EPEE TR Gt i n
di ff er entpadiR@BcRibes dTahk ittAdQficondvarforthts chiB@Ride IRk s s G Mepticdot ent i al
causes of this intra-device non-uniformty can include variations in the

optical arreageeensiie.g4 keng profileraf the ddviidee nowfiniferen dlewiesionndraraptirfsoenef
illum natjon,. chara ristics of . the material.itself (e. ol arization),
and var  dnelelar g Cla ol e R (R TR Haiekl PRyt aRBab e o)
acr oss t he.of iagfid cffecty) fvoRfthd idldioMEe efapt hgedapiueedevdVVARY 100061 | n
general, this disclosure describes a visual inspection systemfor noving
material s having intra-sensor non-uniformty correction. For exanple, this
di scl osure describes a flexible intg@aydgXk§e Pi xel normalization technique
that is based on a recognition that existing techniques for normalizing a
background response of a visual inspection systemmay achieve a uniform

cr oss- Welj00@6] kg rgenial, giigiatioast aseriBed d Gikghl dlsp¥dtdi syemafofgméeingi mage
capture device, but may not necessarily result in uniformcross-web defect
det ect | orM#eriys Baing intiagicasas Moy uaifornity errqcHagel egrample, iy fisgosyrp ot her
wor ds, t 'H%sér?o%*s‘g'f@%?e ﬂﬁ%%bf%@g#%fﬁ&h{éh%@qnb[@aﬁq%&'}h& i$ Ga?s‘eg Qhblon that, in
sSome cases, a systemresponse e visual Tnspection systemfor defect
det ect | onrec@nétfonvBatteisting schiigheids hbinwihizingya ek giolifi@radpdnst béavizuslyst em
response with respect to naornalization of the ackgrQunq signal. That is, a
mat hermt i BECCUPHYSICRhIAY REtiCYe L&Bfaﬂ%ca%w%bac govRd Higgalaguass p ASleR’t i on

ié’lSt em t qiag tP&ea‘r’T%v&{ A5 e huRARK A oM S/ &ﬂ%c_e‘égﬁrifrlffé@hltt Yo hiflforfh GbQQI € 1 mage
pture device y not "necessarily lead"to uniformtreatment of potenti al
def ect s awebodegedt detettiel abrass tha eld of vichadf tbameagermapmradgiaer dn déher pords,

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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[ 0007] To address this recognition, the techniques herein provide a
flexible intra-device inage correction technique that allows a user or

aut omat edweabtvera4t o sel ect and adj ust bet ween nor nal i PaTiusR01COMPENENt S
taken froma plurality of different pixel normalization algorithns, such as
gai n- based or offset-based correction, so that the mathematical inmage

mani pul ations for normalizing raw i rage data natch a defect response for a
nmanuf act UpEdPHati@wsifar norpebogp raw ipege & ichurftefechraypense dorcompiryfa@yred
capturing.i,page data froma web material using the image capture device,
wherein the inage data conprises an image of a cross-web portion of the web
mat eri al [8608}da oac bmbbdineht, viresthed cdrgrisesageud@pingge ddaviiae a wabphatetig a
first one of plurality of normalization fémctions to the ir},age data to

pr oduce dlsfqgrtgf IR P TSR er W Wé‘e‘i’e&ﬂt%éé}@ﬁgep ABPOTRPTISCH AN {THAEFOT awePSappl yi ng
a second i fioPbihBhich Al AL 4 Aol TRidBEHE Afad QphiieabABge data to
produce a second normal i zed value for each of the p|%<e g The met hod
further cpphingsesrstompofd plgradityf ohairmabratehifaedionatoutbe irnageedthtogiradiceas a

sum of a portion.of the first nor i zed valye and a portion aof the second
mor el i 2SRl VoY G BT i dad Bp R B Fpna el auirty
nor mal i zegd nyahMestibR flndBHRd th¥hd BeHoRGtaQb phdtRic¥E ReddRE AbHR1iZ6@RhIaL Rirng
anomal i es that represent potential def ectps in the web material. [0009] In

anot her exablodf themixelsa Byeanethed buther ewsprases Fompeingapfinal @orealized velge derpt ur e
e ot BRI BTG B s RS R E A B SRR el oo T
i ncl udes mreeligpdtvanrrfeashhlot tHegdk s 8t @Fddaekinatha Mheidmhiredavapledh@l i ty of

di fferent, normali zation algorithns to normalize a cross-web background

si gnal f dfcrtie r@%}j@ﬂdﬁ%mg &nadraipl gntiging spemabies Halsrepisseny aptgatial dekects
corrputer-ih%?ed‘ggdgla Jj um further stores a coefficient for each of the
plurality of normalization algorithnms. An anal ysis conputer conputes

nor mal i zg@00%| lnenbther @albddliment! heyspint ebapofes ahémbgrgptdatieviastocaprirght ed
mormar | SaRen g b kBB R: - Shesa e peer 62 ket B e eo
coeffici Qﬂéb%éi&%k@f%y)’ﬁ‘tﬂ@fdl%@%aétﬂfe ddVoer %@ls§1§erﬁfinﬁﬁ’&|§ a%n{pﬂﬁergéafcfaﬁlreenF
normal i zation algorithns. 10010] In another enbodi nent, a system conprises
a conput enedieadaiving pasdhaiers $eror plnglipasfahitrensndronlizatphwtigirithgs of  di f f er ent
normal i zati on.al orithngs to nornalize. a.cr.oss-we bzack round signal for an
mage. capllrE G TE V6> BAcsTtaH Sl PEUEIRRERCAPHIE SETRD It BrorRfa! o

medi um f Webi&l vaio B @dngRefiitsda8 Mt méRimeasier@loréNeciitidigltitbyeadh of the
normal i zation algorithns. An anal ysis conputer receives inage data having
val ues f aluplivedfqiopnalizatipn sgondins i/ ehadfsisgoswusdr compuicragenaligpd urlec devi ce
and_comnut e9, AR £8d oV AL 8. {0k LA Blont AS RIKELS P [l fiEpbmoe data as a

wei ght ed sunmat on 'of "resu rom app at1on o eas wo of the pixel
nor mal i zafpbhtatidh@Pat hirBwo St g pitee nsindl 2atigailgomtheisisinghke sbded

parameters, where the stored coefficients define weightings for the results of each of the

different normalization algorithms.

[0010] In another embodiment, a system comprises 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. The computer-
readable medium further stores a coefficient for each of the plurality of normalization
algorithms. An analysis computer receives image data having values for pixels of a cross-
web field of view of the image capture device and 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. The stored
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coefficients define weightings for the results of each of the different
normal i zation algorithnms that produce a uniformtreatnent of defects in a
web acr oswotha/dssmkd of view of the inage capture devi ceCTABRMADN2d0028 anot her
enbodi ment, a conputer-readabl e storage medi um conpri sing program code

havi ng instructions that cause a programmuabl e processor to receive inage
data froma web material using the inmage capture device, wherein the inage
dat a conpErEsenandafinggecightings &rdbesronells Poreh ofthe Hiffgent Repnstigetien al acr oss a
field of a‘f%o?i%@ﬁ tﬁa?gﬁo'd{f@egfu&i?cﬁ%ut'}&trﬂg%o?%Ffeyﬁnta@x;setoraldtcotsk ﬁ{é%iefl&‘{ufvfl% ofause
the processor to apply a first one of a plurality of nornmalization

f unct i ongh¢ ondgeeaptimgéeviat a t o produce a first normalized val ue for each

pi xel of S{h&e i mage, apply,.a second one of plurality of nornalization

funct i ond 00 bItR&NPhaigembpdimenioa GopRER aILRlE SRR GISHHT SRBPYHNEBIOZHM each
of the pi : ipal [ : i a sum
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nor mal i zedwetamaeribbusiepthh imfgd dwptyse detise, wheeein tistimage dgasomprisdsen cause t he
processor. to géocess the fi nalftnor T}:l i,[zed val ue (g tdent ifft r egi ons on the
web mat erM2BC BbHEQPHIMGE PATORAS thes™ ethRr AR At 1‘{1) PRtV " BEFs in the
web nat erdaplure dARde2 ThENRsthREHHY RHBS AaSKCtht PeftcH8F &) ﬁ)pf@yﬁﬁ& gMé gea Certain
advant ages. For exanple, the techniques may obtain detection unifornmity
such t hatpletabtyl daathalizagpn ngebnsiadhaingaggidetsi ta produce b dirgmoundwedialan i mage
capture qeyvige dorse Aetnald Ssh Lo SlASRIL L on ol t e, Anomml Y, A3, @
defect. I'R BtAEWOr ds,MfHe P%ghrﬁeffﬁjes ﬁaypﬁ?o% aeP e AN o e Uer ect

havi ng gitde ingplralaacteiddict aSedoddGormsli2e vakbapecadh df thepsidly, hind Godpute a
unaffected by the |ocation of the defect within a field of view of an inmge
capture dew permalgeduriae forepeh piselmsiaguasofgyrovtieneot the firyt agirpalized yalug adj ust
the corr i g ! NSk | t ef ect
response%ﬁgra%t%ﬁ@&{)%ﬁﬁ? gél} Iéérl h?%%&g&ng&lﬁﬁgo&aeﬁ eri ggp%%lsbﬁ h’?ﬁ%&%ﬁﬁ%’gam ured
mat er i al .futb@k3lscHkapplcesonfo proapstherfinaboordedivad wriussak i dugtitisicg®nyeh

i nspectiop systens. are described . in U S. Patent No. 7,120,515, "MET FOR
CONTROLLI WFM@@WWH@@HB@SE@ thpgrepcpont Pa‘i’?at'}%.dszectﬁd{lélﬁﬁw%mafﬁ}“li‘E?, 995,
"MAXI M ZAgh Y M tXHRERE PR B ﬁeﬁ\éﬁ%ﬁb%@%ﬁmﬁg&%@eg BYEXaRpldhipeder
et. al. BRI EF DESCRI PTI ON OF THE DRA GS [0014] FIG 1 is a bl gck di agram

i |1 ust r attedhgiqueg halgabtane detertionemiforromyreuh that théhlocticn afebwechadremiady wiithin

manuf act W f‘leeqd aF giegvoor}va%ri%ngge E:a%tlﬁrre %g\%gé 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.



[0015] FIG 2 is a block diagramillustrating an exenplary enbodi nent of a
web manufacturing plant. [0016] FIG 3 is a flowhart illustrating
exenpl ar ywoperiasian of the web manufacturing plant. [O00PZ/USk@1/02002% a

bl ock diagramillustrating an exanpl e enbodi mrent of a conversion control
system [0018] FIG 5 is a flow diagramthat illustrates exenplary
processi ng of anomaly information by the conversion control system [0019]
FIGS. 6A-6D arc plots show ng theoretical image data froman inmage capture
device of a web inspection system where the inmage data has been nornalized
usi ng different correctloir , Eéi§#&$ékggglomchart
illustrating an exanpl e pfoce 5t i FH s of a

pol ynom al to be used for nornallzatlon of the raw vi deo data received by a

vi sual i ngeeAtrIeN] :w@ bRk d gpa%lluuar&ng& %l%b@l ARk cRREMGt GxaARh & wigf ect
di stribution profiles conpufed from nod raw i mage data for a web

mat er i al .material is manufactured and converted to products.

[0015] FIG. 2 is a block diagram illustrating an exemplary embodiment of a web
manufacturing plant.

[0016] FIG. 3 is a flowchart illustrating exemplary operation of the web manufacturing
plant.

[0017] FIG. 4 is a block diagram illustrating an example embodiment of a conversion
control system.

[0018] FIG. 5 is a flow diagram that illustrates exemplary processing of anomaly
information by the conversion control system.

[0019] FIGS. 6A-6D are plots showing theoretical image data from an image capture
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.



[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. DETAI LED
DESCRI PTIVON 2p00B3J14FI G 1 is a block diagramillustrati mgTasgéiabadozset wor k
environnment 2 in which conversion control system4 controls conversion of
web nmaterial. Mre specifically, web manufacturing plants 6A-6N represent
nanufacturb%ﬂ sites that produce and ship web material in the formof web

roll's 10.10 %ﬁmﬂw&qﬁwﬁ@h@eb Inagtieréal emyanelnes anyeshgeldgeapreadipyingiadtiedbut ed.
100.241 Tk{ﬁm@?ﬂ;ﬂ ﬁlcdnléra%%ct\{\&paﬂaaetl 8f 2 reH@tgmhllﬂgJi B'Id?ld @Mm‘ﬁgt%% (%Itlil hlethgat erial

havi ng a i'’Xed di mensi on 1n one ctron and e|t erm ned or
indeternkm&mgmmedgehmmnEhhemﬁﬁbﬁdgbmmﬁmdﬂsemhhednnEmamphﬁﬁmd&oweamﬂater|als

i nclude, but are not limted to, netals, wovens, non-wovens, gl ass,
pol yner i P3PFI ROV BYH-HOERS: Blad PRVBITIE SHHBH R bR T EH OB SPMONBH S Ry

i ncl ude %Hﬁjéof‘%gtrals% Beludt §L§‘dh REeRhIV BHél‘or%Yrﬁ@ﬁmQWeﬁL Fé’ne’raﬂf:}) ude

various fabrics vens I nclude materials as pape Til'ter medi a,
or insulandn¢3wammsﬁﬂhwthbnﬁwnmn$uﬂh@eh@ﬁme&aﬂmﬂewImpeaﬁhandahpaque

polynerlc filnms i di a and coated filns. 100251 r many

Pop 1 cat bt s R ES S @BPIo R g dragnel SR BN 1 e
Coatlng,lﬂah@mggﬁﬂ@ﬁ@khﬂdéﬁﬁ%&ﬂnﬂg ed to an exposed surface of the base web
materi al . Exanpl es of coatings include adhesives, optical density coatings,

| ow adhes[ﬂ@lﬁ]tfaxrmnd@ppbmtlpmgﬁhe weh alaicziels qfwfourn@tsl ey hewd aryamy&l@d ve

coatings, _ el.ectri.gall onductl noncondugt i ve,.coatin

conbi natiQ tm% ﬁvhlcch n)érla% e%ﬁphﬁgt%n e’?@“‘ﬁ ﬁe%jofthe§? 9% sl?natgrlpOrti on of
the web maa@fpl@lof@batifiy ifdiideyaddesieds, aptiddl @Ry ebatiniae, 1b@s@hyvedh harkside al .
Further, the web materials may be atterned or unpatterned. 100261 Wb

rolls 10 cqréngshmsfsbiacd fépaélaas/emwlg aet%eoaengmlecw% coRsicHE eogr aphi cal I y
di stributed W& &Jaﬁﬁgégpé ﬁﬁﬂ%& eredfOTHEN Bét rﬁh £Sa l}ﬁdﬁeﬁfﬁétl‘e‘é’s yerting

sites 8") convert eac o ohe or rod pecl |caIIy,
each of qm;mmm éfi thgwsb tneser&l bﬂmlayl tdly aver osurfaee ©f ﬂredmeess/eb nnesiat. hBdrther,

phy5|callﬁ t he, iven web rol] 10 into numerous individua
sheet s [P mptar eBgt TBaNER Y ol |'s, referred to as products

12A- 12N. (ﬁ“\%@ Mﬁﬂ'oeare %B}%/&irtB 'cﬂﬂve?!lﬁ§51§A SABYN CORR 'iﬂayVB%%eB %Ja{al%céh @, of
f|In1|nto I ndi vi dual sheets use I n hobi |l e phone displays or conput er

moni t or s. dlﬁrlhutbdimnﬂnm dtfhent fomiscsofConedrting bikesi S-S Nntigorlyertmgrites §8d i nt o

products 12 o shapes and si zes dependlng upo he | tended

Bopl | cat IS0Vt e OTAR TR MEAT PO ot {4y Sk 8 CE P ERE T apabl o
of recei W 1'%1u@bsf SRr @ Hhork %SR%‘éssq{ne‘é\%t pRYdicalFQut ﬁ‘i@ G eBABNa ERBN QlchirbIl 161 t € By
produce different products 12 depending on the |ocation of the converting

site and lnil@elugmr@usandlaﬁunle@@gtsaﬁdWMbmsorlmlmerous web rolls, referred to as

products 12A-12N. As one example, converting site 8A may convert web rolls 10 of film
into individual sheets for use in mobile phone displays or computer monitors. Similarly,
other forms of web materials may be converted into products 12 of different shapes and
sizes depending upon the intended application by customers 14A-14N. Each of converting
sites 8 may be capable of receiving different types of web rolls 10, and each converting
site may produce different products 12 depending on the location of the converting site
and the particular needs of customers 14.

[0027] As described in detail herein, each of web manufacturing plants 6 includes one or
more automated visual inspection systems (not shown in FIG. 1) that utilizes one or more
image capture devices to capture images of the web during manufacturing. One or more
of the visual inspection systems apply the techniques described herein to provide intra-

device image correction that results not only in a normalized background intensity signal
6



100271 As described in detail herein, each of web manufacturing plants 6

i ncl udes one or nore autonmated visual inspection systens (not shown in FIG
1) that wol2omés4amae or nore i mage capture devices to capmuseoiimees of the
web during manufacturing. One or nore of the visual inspection systens
apply the techni ques described herein to provide intradevice inage
correction that results not only in a normalized background intensity
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anomal | 69eYE g@%&%tlﬁ’éfff i BRI %) carhav S eTat lsncss fosmady Btitent
processi NgomGREY e Si Aiy1E QB YoM Par@ PPk £6e lel?na%ly mgﬁﬁ&ﬁisect

detection algorithnms that may be application-specific, e., specific to
product s dbﬁectlBasfethle corrdshendam@aivys il 1@ srooevetedrio aqnattlcolar pl;osiuetrﬂmbdiatoér m nes,
in an aut se utonate h of products 12 woul d al |l ow
a partlcdfg% HPE%V?g%ﬁ 505$ﬁFgJ%a§q§§?FﬁﬁWf Feld (i.e., utilization) of
the web. B@&ﬁdwgﬂnhh@&GQhﬁg%kmﬁﬂi&ﬂmn&&@M@mﬁhQﬁmﬁﬁﬁﬁﬁQﬁa@dﬁﬂﬁﬁ%@oﬁ@@ﬁrateS
a conversion plan for each web roll 10, i.e defined instructions for
processi rtge b coRtBining anomaties OseReTsieaceriTal hestedrivar stwieriop dor subsequentwor k 9
to the ap t f S t nto the
sel cot ed roateE. CpBBaYH LR Afn ahBliet B8 s S e L RSO MBI Sy ot em
4 may nekRatshshbokegiptitadonaspeanis, ifeorspbaﬁbvo ﬁM@hct@QmVBﬁieldr&ﬁ thé bigysEs, | n ot her
wor ds, conversjon control dP/stem4 may |dent|%¥ the web roll|ls destined for
each conVORYSIRIGN SPRIEDISYstamdt drésTBYRRSel NI adtefhoIcAR U pRRERS BAMSe product s
12 associ |V E nver si on
cont ol syurLot bl e ORI R P ERBHEE L RIEI] BRet R s BUAT B8 T e
8A, and deaeuntlizationnafehsivob. Bhﬁﬂ&mﬁhemammmnmmnyceﬂwhﬁ@waﬂhﬁlmﬂhxmélIs based

on the products 12A produced. b onyerting Si 8A, 100311 Alternatively,
conver si GINEEIFE AGPMEGFEPR aﬁdf%%j/a 5 ]béB ! ‘{é‘gﬁ%lfné?%ﬁm&ﬁ HPTeSHSIRRDb rol | s

10 prior owkBeI, aﬁ@b&ﬁﬁﬁhcﬁa@sm%ﬂsﬁa pHirt 88 nB oD REMLARblariaonver s on

control system4 may consider all of the potential avail e products 12
when gensmanhggsmI8éspmﬁdlmgwcmmgeh@womnmbQN§ekomdwebhmblIs 10. In this

manner, rsion .con stem 4.mm er all of the potentially
et | abt SO AUR PR SR ey S ety YoaB RS 4 hevafyis SRe v el of sach
web rol | db@rmidatibhd for mltiﬂélrc@ht&ﬁng GIRR\KENS bar GRRIS BdnveidrEddnfropener at es
conversion plans and ouﬂguts i nstructi ons |dent|fy|ng the specific

conver t i riysteintdemag ideptifththe webaelhs distingehior eadhsconpersing sitel8 vad ghngspled.

conversion plans based on the products 12 associated with the individual converting sites.
7



100321 In sone enbodi nents, conversion control system 4 considers other
paraneters when selecting the respective converting sites 8 for web rolls
10. Such waran#seris i ncl ude, but arc not limted to, CUPCEUS201P00RDOrY

| evel s of products 12 at each of converting sites 8, recent orders received
fromcustoners 14, shipnent tine and cost associated with each of

converting sites 8, nethods of avail abl e shipnment and other(ParanEters.
[0033] | o sramplanepaversigrppatral ypepichmap idogdist bamvwebaplly desgned for

appl i cati gn- £ f t O i 10 {ipf or mat i on
reCei vod FrERRREb A LA e R B ARG I S P IRl
conver si dnasaf onb pralues 120, protlecedbgdvatatidsibe&ed on one or nore

par amet er :@s iIIustkgted bel ow, these factors na¥ Ee user .sel ectable, and
may be adﬁﬁ o HSTBRIE RO SPRYSYSIR CRUOl B9y & IMAY ARG A GEP YT TP BHE i on or
other te ' : : j é@ﬁg j.agr [ j : exenpl ary
enbodi neﬁ?&o@ﬂ\%% &Jﬁgﬁﬁtgﬁ %lpﬁlaﬁtglo gﬂl'?xl 6A o?{elglgG@qnl.SécﬁuE&%gB eiégsr%p&l?ar y

enbodi meroptral segmehmapfcorsidarntliof teusitgntmbavanlgb oo ROtsnRywine geosiatingned

bet ween two support rollers 035 e . exanpl e, image .capture devices
26 26N APTeTURREBLETH AN B8 Srr Gl 1) B A gedOn TSR FOLE e

arr f’ingenﬂsgﬁteﬁm Ry EohsiicP Wil @@ tHeFaadtidRy avdilBle prO@RE 18 Ridritd Fo¥b:eintp 1 OFf
movi ng web 20. That is, image caFture devi ces 26 collect inmage data for
adj acent ,mpomeictihy yigldeof capipival roll i helnstbgreenfiguretionusbnxosign cergrol gystem 4

coIIectiveIg provi e .l rage da 0S rtion_.of the web.
Nerate 1

d a.far.a ntir smweh
Acqui si tiSACERSER LoD IR TR gy e ERITE RSPt (0Tl ces 26,
and transis 8 td@hichirgeh kb tolls a03hydd e swippet.er 28 for prelimnary
anal ysis. For purposes of exanple, web 20 is shown in FIG 2 as noving in a

di r ect i o083 8 spmg icARodingnés SORSESIQN ¢Qitio] Bstam 4 CORBETS PHRELRATBEHE e

devi ces ﬁq¥ I i i I of reading
a sequenﬁ?ﬁ pEgﬁ?%ﬁgggﬁ%ﬁ§%3%9yﬁgg%§bS 0 gﬁﬁﬁﬁﬁgsﬁhﬁﬁghgﬁ?%%%§?n the form
of a di giihalidddusarsnpehmited®, stromn invenforGlev2ls off pagiung 1davcadnf26 may be

caneras that directl rovide a digital data stream or an anal og camnera
with an SIBVETBRAICS Y qrgerar@e{cva_fi Frogh s QRS _@Sﬁg}m@éﬁgﬁﬁgﬁ C_g%}ch as, for
exanpl e, JsanelhiecSEARRES MYV ENS bitds 82 Rdi1dds bP&iBRisRPnRaAMISdthé:on devi ce.
A sequential portion of the web indicates that the data is acquired by a
successi quraghctgisngl e lines. Single lines conprise an area of the

ti I . b that ti I tQ. i ngl. . of
ol erent s BPYHTREE b ReBeram worLEsRaLT ebBiS el titurr FoThe | mmge
i ncl ude |dcRRa6RAIgEATIREAS tRdtdnASy Misiel#ibPedecive@MoRe kb Makl fiBfurio Sy al e,
Calif.), Piranha Mddels from Dal'sa (Waterl oo, Ontari o, Canada) or

Model #THZB e uktimsielTdags die-cosrers o awgb rollsL0) intoxprdilndto hhabased apphesr i ncl ude
I f Syr f I ti t ich, i
con unct AR SAS FRERSTREES, LR BETLE TRy PSS THOLA: BT RL) be

opt i onal lappHedihidegadedtlyostgallbdiB clit idingatveiphting fimptior obshantbingguct hat assi st
in the procurenent of the image, The assenblies may be either part of a
canera, dPO3H\FIGe2dephlosk diagranmiltussating s remppry embedigest pfakctyut i | i ze
reflecte i . i AL hg . i ricng the

i magi ng g?%%%%%@nggﬁpég%3§g$¥%%t?ﬁﬂgﬁ£€§£%%fé%8§%ﬁ%P%g%&%ﬂgﬁggﬁe for the
det ect i orvoafinutekyahsviagusb@0byayielpasitiohad betdetotwmatuppos rolkueh as surface

scr at ches, 38] Barcodc controller 30 trols barcodc .reader 29,. which
rmy be. udBd ot SEARRIFA IMaRE CHuuIedesiiet ﬁ%?ﬁﬁjtar%amﬂﬁlw\% glosbprosiivhde
gg%{lﬂa'r ea%i%ﬂgﬁ&f%@r&s%l&@o Mh%gér%ﬁt s8hd tcpﬁ’[%szde(?ﬁag@ﬁﬁé Bt SfARs HR nad ysi's

width of moving web 20. That is, image capture devices 26 collect image data for
adjacent, possibly overlapping, line segments of web 20 so as to collectively provide

image data for an entire cross-web portion of the web. Acquisition computers 27 collect

image data from image capture devices 26, and transmit the image data to analysis



[ 0039] Anal ysis conputer 28 processes inmage streans from acquisition
conputers 27. Mre specifically, analysis conputer 28 may apply one or nore
pre- proceseizng/@hgarithns to the i mage streans prior theCyarseriaiozewgs anonal y
information. As one exanple, analysis conputer 28 applies an inage
correction algorithmas described herein to correct for any intra-device
non-uniformty that may be exhi bited by any of inage cagture devi ces 26. As
descri bedopufasf rf@rrpralgrtnmary sl Fon apsposes of sapupler wols 2@ ppihped g K1G.
intra-dew I T md | i j r4ral i zes raw vi deo data
recei ved\qgsgnrh&gé lk,ll} £?&rﬁﬁhg%ﬁ%ﬁﬁy&wﬁe%@gﬂt ie intra-device pixel

nor mal i zg0036] Ialage captiud doicowlé mag bt kenyinkehal vabgiag détvdca thatragetapabighit | evel
with respect. to sensed differences from g backgraynd signal at each pixel,
yet nor meFURE2 HBICHIA APTHPR Afdle meYiRg “é?b%%@ﬁwé ing opinty NtBefaMeieht s t hat

are_t uned;igy airedn SUSLAENE SOPRASCI Mk IRIRSD Ml HELARta Rk AD. 10

this way, The intra-device pixel normalization al gorithm achi eves pixe

nor mal i zgtroade aditahddtostngany omant dnatogspecta wih an kédigbnafandopactigrtdund si gnal
and a defect response across.then entire field of view for. the given inmage
capture dOUYEET E?ﬁ%ﬁfygﬁsgfscéme T ¥R 13195?@?@?{@_%%@%%@@ B xel

nor mal i Zgia@mgalkgasiibh obweRan ab@lontitipoe@siiofthe WaB iddiBI& tHattRe 8dth @AM
received fromthe different inmge acquisition conputers and the

con- esporigivited bragsuceesstonrod suhgld los. SegleHares samiprisg ar frea philigsortapousls
devices 26, .for exanple. .@analysis copputer. 28 may apply an. intra-device

oi xer  mortey S e SRR st Sint T o RO L ool PSP RRRL BB FRARREREL F uen
conponentdgvieks diifabrrfonicquaingethé zaidednclad@ofidstinEnic@astuchas NModasem21
correction and offset-based correction) in view of the specific

i nt r a- deviree Padin BHngrd SwanyyalenGalifok Birrﬁr)slxai Meddxfpmi Pdsp BYatereo. S4Hiul ar

i mage ca re \dewvi i ! j A th nger:. .| LQn.
At hough gyl B el T RTSs RahL PR o IR AP S L b A P LR RS Y
conput er iR8udakggrissartneofranSptfher BispettiomPystaat GacbHAduyich h@ermamgein
correction al gorithgn ri cir to .coagnuni cating the video data to the analysis
conput er .ConBBEEAN With & applag iy GeUASPAY e | nage data, anal ysis conputer 28

pr ocessesgphHg ﬂ{ethag% maf e Egﬁ@ﬁ@gfa%ﬁi&&ﬁfougﬁ tHERiA0OEY pticdeihitiicgat i on

algorithns to generate ano ormation that 1dentifies any regions of
web 20 cchitaissistng tlenoomircmsntidfdic immgeullThe astmblicguay bé yitles paebéet s. For

each identified anonal nal ysis conputer. 28 extracts from:t i mage data
o nomalSehRgE TR e Skta it bR SR e s aeiies e kAt Rty o
possi bly tpanSiticauipdi, B8 trRflccRn 12ht MBthgaAe irhAPdl protd! ReFISctEP RN R 28
stores roll information, position information and anonmaly information

wi t hi n daxapalkeis3dtenpattabea e tapdaegiionef dedsrie waurrcd by iwebanyfaes dedormations, of

di fferent fl% %ng i a data storage file or one or nore database
Suc urrac . .
managenent Systerns executing on one or nore database servers. The

dat abase [0038]g8rEdte BMEHIRITS ONmYtroI8 bafcole AN whichrehyabd @Ralo (WRHBME) |
hi erarchi cal (HDBMS), nultidi nensional (MDBMS), object oriented (ODBMS or
CoDBMVE)  GMdamepigen infemationfeam peRBEVBRI@4e soEdcrAt soperunicatoy dicarll and one
exanpl e, epq)gft% 356 idnSto! TeOLEdeAss @ rel ational database provided by
SQL Serveri mfrom %:rnoggwg’%or po ati on. [ 0042] Anal ysis conputer 28
comuni cd0839|t Aenlysid tcommitard¥girocnsasmagd straamsdrommadquiditidrocomgiutan 2and
respective sub- i.PaglFs tQ conversi O{é control system 4 for subsequent,
More specificdlly, analysis computer 28 may apply on¢ 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



offline, detailed analysis. For exanple, the information may be

communi cated by way of a database synchroni zati on between anal ysis conputer
28 and comoensi/smigontrol system 4. 100431 FIG 3 is a PCOWSk@N020028
illustrating exenplary operation of web manufacturing plant 6A. Initially,

i mge capture devices 26 and acquisition conputers 27 acquire inmge data
fromnoving web 20 (40). The imge data may be forned digitally, e.g., by
way of a raxgivekes (g aaeect skirlavel gathrraspepetosensge diffgencss fiogi 4 backiziousd mat i on

(42). In gj r I.Si1: : r tgit al

rage | nr oyl ol piel, SEMR SR RBUGEIS e UEEALRUIERED Sl 8 ¢
appl i es ahatian¢ tuaedl@vinateh pisyetmnresponsd wal rapedkgieftéthigtcctoeabhthsfwdyhehei mage
data streans,, where the paraneters of the algorithmhave been configured to
control dNEHABYIREBIXSHTeF4toR algorigim e evRS Dtk 8pPrdizAReT FROTEE B ques,

such as Q@iitl{‘fe"sf%? %Zéé I%?' GSFtal 1Bk Bgn@iiéﬁa@faﬁ@?%%cﬁ%gﬂtoﬁ% L&Pss(tﬂé) %ntﬂ-Q f4nl

Anal ysi s conputer en applies an anonaly detection algorithmto

i denti f y afeggvofis tiof givereimvede ceputeadaviaeg Aamadysel doepufet @8 mdymppbnthe cdraseni ent
enbodi nents, the initial .anqmaly detection algorjithmis very fast so as to
be.capabldsVIse PBE! AGHCH PTG T SET AR 5T ke Er A b uEa e st ng
equi prentf@y e diffe@nt in@e 9PQARLOH coRNIEE W8 bh2QricSpdHdaRtimads capti@sul t, sone
of the identified regions containing anomalies nmay include "false

posi ti veglevicEyen Forcaghof thernmagngapbac dayigest24, fu opasplei ynadysis doanputdrt28al
algorithmis_ preferably designed such.that "esc St i.e.. true defects
notdet edt SR ELY Y i PLRT gt igprftbori TR R By bt FUpsH LRIYIRg ¢ ne

initial apaselintdendehdn®ofaliffereht iorimabnaiopn sl gorglanPU €f gadB basdeditt&pnanonal y
data about the identified regions and stores the anomaly data within

dat abase 23 offagiybasqheorgpgtignt i yieapf theispeaifigi@érazlesicg monysdpmish of t he
anomal y within .tk . 0 I i . . j ified
egion e b A e S oL oo BRI 7 e
i mage datpodwet uede inspdeivini fAldwupke deserbedfur autpone drxamplzalivh St to
Specifically,. only a fraction of the orjginal digital imnmage information
needs to %ég’é%cP%’P@H%’c?th‘f“éllnpﬂéP?lPHﬁ?F%ig%%}%f?‘gaP@ﬁ tha&f&}aﬁ% F%“?ﬁ}lon.

conver si off, R for ?&’&;n?rﬁhﬁcat;iﬂéeché drers 'dBﬂgQ&'tHe}?a&ﬁ@r?_cB%@hﬂéﬁ' l'y contain

information, for exanple, at |east an order o nitude |l ess than the
di gi t al i[A040] efitérqms-pescssind thaimakdrlats iapdysincanputenif/pocents thedsitek such as

file size |n bt\{tes. 100471 The exEr cé\ﬁd nonfal o es may be stored in a
dat abase BPTHANN Vith 80E 8 Der RBRLSREN caeR f eaHr B ERR AN ARG Bmni cat ed
to Converiﬁfoﬁﬂaﬁ&ﬂﬂlﬁﬂheﬁm%ﬂ}r 4e_g%1%rtﬁvw:bt2@ doRgui@an Hﬁdrﬁal@@%al’t ﬁ{aly dltﬂh%fj}ﬁti on
(54). Alternatively, the roll information, anomaly i nformation and anomal y

i mges nedpabl asrdgfestse rfios dacli idenfifiog anomalys aredysds ermmycraSraxérets dientdat r ol
eboa merregs a0 abarmiy iBal MuPCbyp AN Tl lPREM A M. cxampi o

enbodi merdossiBRR Jue@duhdifg perftiealof K&b@Oovi des an operating environnment for
software nodul es 61. Software nodul es include a plurality of defect
pr ocessi H804ddtadysissemminm 28sterseoll infosmpten PrREEAN Erfemation aad @Bev@Ysi on

control  &nglR&i&fwithin 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



[ 0049] Software nodul es 61 interact with database 70 to access data 72,
whi ch may include anonmaly data 72A, roll data 72B, imge data 72C, product
data 72D,woanudsiding site data 72E, defect maps 72F, compodist@idedoest naps
72G conversion control rules 72H, and conversion plans 721. [0050]

Dat abase 70 may be inplenented in any of a nunber of different forns
including a data storage file or one or nore database managenent systens
(DBVB) exadBinei drjailnd apakysisr Froexample. dbsaigéorgwtion pgy basommamnisataddiyevaxielt abase

32 is inpl . i i o . m from

Vi cr osof 1 G Pz fyBho ARl IRl 2 o Rt oY S ge
data 72C4.epresent the roll information, anonmaly information and respective
anonmal y i es received fromweb manufacturing plants 6 (FIG 1). Product
data 72D lﬂ@g}l pAlSFER IR, W@Hfaaf AR é}we(opv@uf%mﬂwlém
specific Yini 720 I A ch oL cible
by each (?éop%vlélrltﬁlﬁgﬁlgaitgteg%@r%%r@l%ggﬁ Iag? gﬁﬁlg%ﬁlﬁ%&ﬁnr é%rgg? qgﬁ%&%a %é g%gci fies
one or ndraen defvety wer 2 eKsi he mudiel e 160y bhatrmad digiefui a.gdby wadef &r m ne

whet her a,.gi yen, web roll 10 satisfies the quality.regyirenents for the

par 1 oul dHEtA SUEEERmER. o iy Segrierep it Rariios bR TR the or more
def ect prRg&ission @omgdﬂé{seﬁ Qfpithatads 6f digitatl@mu%@ﬁf&&aﬁﬂﬁl ky ZRRNIRpatdat a
72A and i nage data 72C for each product 12. 100521 Converting site data 72E
represent2® @4t a associated with converting sites 8. For exanple, converting
site dat stores . sife |lncatig nunber of process |in nd
current - VSHTARDE g Bera i B BT PhsProPRREiRt sr i prdhy
sites 8. Jfelyeidek dgtastitemsattard ik paRynesdro bEthetah@kitidahave boealcoiingedts not
limted to, data specifying. a current | evel of i1nventory for each product
12 at eaci¥néelaerebipgd anplisatepn ofKlithereni nixed etrgalater foshriguesafuch 38 18P WPi ng a
web roll : i i i options avail able for each
converti n%?ﬁ@g&g@?&@éﬁ%%@;&;%R?rgérl#l@gi&@% fromcustoners 14 received by
each conVe043]gnadydiecondaiter 28phei ippliegamevenadly deteétdrn Agorithsittondmsiff or each
converting site, and other data that y. be useful in selecting conversion
plans. 108%91s Athgaeh CPBaE TG A b aanaicR e dsi ng

modul es QUi Riktal @& on MR itifR s {9 RE G fodb b lc BNOIRE h&Forcd in

consi dered actual defects for the d(ih?f erent products 12. |Inh other words,
each def eetl tmapby/ 2fecd pngepooaspitmgaqpantant enearif avbhe spietl of Goaimg vecbsHeci f i ¢

duct 12. E def ect 72F. i fi th ticul ar defect | ti
01 "a. par U BUFAr S b1 50 B AR e hEop: BEresBb Rl FaGTrIRant s of

the corr eggenglsig cBr OBHG thdwsh there may be many false positives, the initial algorithm is
preferably designed such that “escapes,” i.e., true defects not detected as anomalies rarely,
if ever, occur.
[0046] Upon applying the initial anomaly detection algorithm, analysis computer 28
assembles anomaly data about the identified regions and stores the anomaly data within
database 32 (48). The data typically includes a start position of the anomaly within the
web and an encompassing pixel area of each identified region. During this process,
analysis computer 28 extracts a portion of the image data for each identified region
containing an anomaly (50). Specifically, only a fraction of the original digital image
information needs to be extracted for further, more sophisticated analysis by conversion
control system 4. The identified regions typically contain information, for example, at
least an order of magnitude less than the digital information, as indicated by size in any

convenient measure such as file size in bytes.

11



[ 0054] Conversion control engine 64 anal yzes defect maps 72F in accordance
W th conversion control rules 72H to select the ultimate conversi on used
for each wb20twsymb rolls 10. For exanpl e, conversion cenfruskoengione 64 nay
anal yze defect maps 72F to determ ne which of products 12 would all ow a
particular web roll 10 to achieve a maximumyield (i.e., utilization) of
the web. Conversion control rules 72H specify one or nore paraneters for

consi der d0P4H Bie xHacted snapaly dregsImaiy virred m pHeabase 48 68 3 ifitgyscet éeet naps
72F, ial . . of uni b
pr oduced BaabER9 TR i BuchiBf YIB! b Saleeh sl e

est i mat edhaamunidly efid redlviafursmaton (F40f Altetradatclwaiit eblbaf@nados.aecotnglyt he web
roll for .e{’;\ch potential product 12, a proc%fg. time that woul d be required
to converPloyRatioRdEmslermages mrx bairreprer discdy Jot RrocessBE DY SAEVGRHER ne
capacity Og{roeﬁgggnpé{‘ocess line within converting sites 10, current |evels
of demand for €ach of products 12 and other paraneters. [0055] During this
process, [0048]d7I6i dms ¢blotk dlagemyillstr@thgranexdeiper embreimbtof aopartiocul ar web

11 10 be best utili hi i ield) if ted
o mul CEPTe BroaUs s bE e E i abe alE oBoGarEs 6P BBRT SIS ne 64 may
det er m neybAabs g dpckaingRAVIdiReR forl BEWHRDMBBY PE1 . DS sTtw 4t nlddaRd inMRTR a

converted to a first product, and a second portion for a different product.
In this qaselitycdrigtacsponcssmgimaedulesf@iine0Md4a gsanantetfess moduodbanl 2 e” def ect
map 72G t%atersi E%i Ifltimqse t11r111e6gef ect locations within each portion of the web
based on PRETESM T sponagna product to which the portion is to be converted.
Conver si o049 8otetaren@dies 64 iMEctorigialRabRe 76 WRsistRtHES, edlichmpy by
splicing portions of two or nore defect maps _72F to forma conplete,

conposi t dnglafeeronpdata /2 Anwlledta 7B iepge datp 36 10ropess daiel2ek cory caing
ticul ¢ t i ‘ ’ .
Pontrol ansPRBURE! adkatflns PorPLARNENP abRE: 2080 ORI Lo pVALS! OF

conver si amdpbaversidd planoV2ldes preci se instructions for processing the
respectiv roll. re specjfically, each copversjon plan 721 defines
confi gur dﬁ?ﬁﬁ&aﬂeﬁa%Pgbez@weaalpleg}?@gedt% ISR ?®|¢f§gel§tﬁ§%ﬁ0¥"ﬂ%

d ¢ f1 -or My t nt ti !
i ndi vi dug] 4oy Qamaet ?é”'&f‘énﬁ Q%ﬁ'é’ g4 §ﬂ>a%@frr§a%!§én9é W&érﬁ?lﬁ’BMBS Bitlca §é151|pmant

instructions directing the shipnent of each web roll 10 to a respective

dest i nat iame oc owvedithlege sérivers8 Asene thanple cntabass 3Dy imphinmantedsag sitrelatidnal
conmuni ca conversi pn S_via.network o the appropriate converting
i tes B TBOASED LAY SR T T he FREMRGP I CPBReRE el bot ad pr oduct s.
[0057] Ug0051|A®5rha¢ Gatardul & Pdatd 7D AASmape d4ih ¢0E agRedMt tBirgln @ user can
configure the paraneters used by conversion control engine 64. For exanple,
user i nt dpfoamatiordodraalg2nigrmatien andacipsetiva anotiaheinagenrpgeived ameweh r ol
engi ne 64_t 0 .C j d 0 i il L pN,... nunber of
et o° pr aBRE Rl MR RE RE T B AR PeEH) FHTLRR ath sl kP T

current leydlcs Of (RIEMBY)dMardhedifiod e pradactadies BT defifd@28dh fyp&of Srotsctd 2f | ow
diagramthat illustrates the processing of anonaly information b

conver si dHO@sHtle BY cagpstomeraing witg Bir Fererachgragdurt 12 prqsiet dagut P speetiess oge
T ustratgs, b ‘afﬂ%wﬁégéeﬁfigg gg%du%g%mﬂ&f_aﬂe%gui?@d%%%nh{%%&@&% e W, def ect
es . nver si on

processi ng nodu ontrol system 4 receives the
i mage andoHnoOmmatisfied dtcaquakitycheqascnambgies tHb4qdhrticdha préduat. nertkerexdrdgct ed

initially froma 20 . an anal ysis conputer 28 | ocated at web
manuf act UFP _tB‘i‘ta\r%?BéPE“s“ %eOgimﬁa%éief_r%ictr%fgg%fé@gé@qd&lFSéﬁé%%tiaf%%%e[%%O] As
|11 ustratigdnhifzdddematy d%&ﬁ@%aggﬁ@ﬁgﬁdg‘@z@ﬁql@a%p&%&%l y "M different

al gorithns (designated A -A 5) as needed for up to N different
r equi r emrd082] g0orfvertingrsgd detas 2E2cpresansssdateissoantce withimoav@ng fitdSIEGFd i s used

t il trate, th i ng bet i ts 80 d f ect i
modul es 60MB5e STPERMIE YT dalAJLE Pt En S gty YRR e edd;
processi NGriRCHHaR5H16 BarAt By ufédch@e@bemi&eﬂoeegﬂhr&fraanwggﬁglﬁfes%amnaa@iﬁgl y is a

defect or a false positive for a given requirenent : o
site data 72E may store other data, including but not limited to, data specifying a current

level of inventory for each product 12 at each converting site 8, shipments costs associated
12



[0061] In sone enbodi nents, a |larger nunber of rather sinpler algorithns
are conveniently used in parallel. In particular, it is often convenient
that at |wesni1ias®ief t he subsequent defect processing mpdmus201602@ppl y an
al gorithmthat includes conparing each anomaly against a conbination

t hreshol d- pi xel size criterion. In actual practice with, for exanple,
optical filns, an anomaly having only a subtle difference in brightness
val ue f roith ghippingatvebgoll imesch spaysireng site; plipmeripptigns ayagablederceash anonal y

havi ng a - di; p N f t.ar.get ' ccept abl e
even if t(%ésﬁlgg'sllf% %@%ﬁ%@“ﬁ%@ﬁﬁr r?{‘%%?ﬂsi%ﬁ,g&ﬁﬁe\éadﬁ?f# B3t plied
by def ectsitpy dategmciigingndul o prdddrabeusiontns fuecattecon@tying Gitpladd othvdeta
processing and defeft.extraction i ncluding, but not limted to,

nei ghbor HBYdMERRE W & SHAtgBISBRYFEHeN P@A%I ng, contrast expansion, vari ous
monadi ¢ gsvadi Gl FRAR R RLARAR dcfllObhbalss hEIN GRIAGOHE B8tcLaP! aci an
filters, Sobel operators, high-pass filtering and”| ow pass filtering,

t ext ure anaisyRiFshatfspacfyavhiamahysiles afa egsdncy apruebdfsitnfpr shecdiffanFour i er

transforns an vel et transfornms, conval.utions, phol ogi.cal _pr Ssi ng,
thr eshol GG, DGR "o SR ash A1 Jab coRpRop B eig: g ol 10°°
classi fi GaliaQRssifi® r&@ﬁﬂm@dcﬁﬂéf&hﬁﬁﬁﬁlﬁ“ sPCITR tiRd SRt b AR R YocREoRRIT! | ed
based on the specific web and defect types to achieve a desired accuracy

| evel of adesreatlardetbaotlil@rbasaobde pRatvht-gfecifivaciippmsaisotl theeprraspensing 88 can
be acconpuiiﬂggzusing sel ected conbi nations of individual defect processing
requirené%? . The al gorithns may use very sinple threshold and m ni num
bl ob pr 0qe654]Corersir @nao@lgtie @ galjizthdse&uedps ISFspaddoadantd Withr s,

nmor phol ogi cal operations, frequency filters, wavel et processing, or any

ot her kn&RAVEHREEOFRIdBlss 72 t@ peestithpimateropgrsion s oaﬁgﬁhcqfdg%wr:@f erence

tabl e 82, u {r . . i i o) I A2, A4,
and Am - S3h oy S, ERbsi gl ot P o b PP e et BRbL PR T 1 e
ar e act ualctadmiirectisich of piaducts h2 mostd dwwe parenilaewblo cilivBhtosach@vsanpl e OR
logic is enployed, i.e. if any of A2, A4, and AM report angmaly as an
actual dePeeUmHsld (her viilkrstgh) ddbe peb dberyagen g%f@@ﬁ}_esp%ﬁﬁaw Y 84tPF enent
RI. For %H@r%'ﬁ%{a!nk%éjrs ?&F&'ohéié&h%}?by LR el R &nirbra{g% iy 6dhy stlaee_sgﬁgor ts of

t he subsequent requirenents 82 arc conbined into a determnation of whether
a pr oductdefetjmiapeidintsu8Oas wagaef wéh mdtenmaly theenumdree of wmpl tbat wdddba si npl e OR
logic. Simlarly, product requjrenent. ses +~A, and A4, etc..Thus,
the anomdPUEet HieRP Vandals £h o8 RS il PERgR 1o e Gt {0 or
si gni fi caBldnne @t pioPh ek wobRINbAabasded bl ke Wb rdIORBE4dchAFot@tiabgbaudriini g whi ch
anomal i es arc considered actual defects by using cross-reference table 82,

conver si dnoesshtime|thas guiebeqpisethiol canet thefredtfonegsd of e diffcisot prafudsfeect

| cat! onsfidht FEASRLSik ol BNl AU R LATCouL SN CRIER! 8, EaF IGBE el

I n sone situations, conversion conttol englne AR genefa%e one ‘or nore
conposi t ejedrhe ¢ér JABPST FrdGudy 13 phd 6thbgpeinacters. nore portions of defect nmaps
72F. In this illustrated exanple, conversion control engine 64 generates a
conposi t 4003 Dereg{hisiniecess. CPIEsipn fentih coging pf maydlctrgmedhyernagicldip for a
first pr ctor | 4 -R | : i . froma

det oot " maptr i A SR u R Bl by AR IR BRI E Bt O

conver si anultpktproduceniyl. Na ofikr mayd«l ederemiorecdntal cagimedd may dberbmstthatti | i zed

if certaipn portions of the are.converted into different products. Once
this has_f%éfen?ra%%ff the weﬁgnaaﬁgwstp%gﬁw °p aowegeifcua e PUF e _
i nf or mat i @R, 1ihoMitH I 4%l frent1R6ARE BIAIRA&, BERsion Qo cfihd ber details of

i mage processing and subsequent application of the anomaly detection
al gor i t hrgsnapfsisiaé'domyposel dcficctonar €3G ithd spavdfidsdle ddcdlecatescwithedady

commonly asgsi angd. co-.pendi ng U.S. ..Pat ent l, i. ion No.. 1Q/ 669, 197,
oot e e TR AR R s e nP Bt B e BB s s g
Attorney dgackeld. ldnvoBRAbd I UAginkl d4afay Reatt tiAcondfdlRe défB& eipsivye contents

of which are incorporated herein by reference '
splicing portions of two or more defect maps 72F to form a complete, composite defect

map for the entire web.
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[ 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 [805&lHépap sslpsting pppdictlapprodyetiios setiad prefacsder gervee hicbmoldd: be

di fferent g I i . |Hh7 af ]

packar ouridergea N e SAYRGML b R ERRTDubhiBR IR F SEAR Bl orkl, |

cal i br at eplan V2Iquatidésnspasd insthucsipat Empiaccasiiy the ecspease-webrodadkground
intensity si.gn uniformty for sipgl e i page .capture devi ce nmay not
necessar isnpwge%ly, F%W?Yﬁ?%?@fa@amﬁgneéfcobgg‘gﬁ??%f%lléff’%‘?;gﬁ%lg A8 the field
of view gfi, LibAly SREEd WBYMS RREHERI gFo‘{i'u_ hediQ08 byl QoR U st %@é}ha _
recogniti og, thye techni ques herein provide a flexible intra-device i mge
correct i autpucsnprers instarctions dwstiag thsahipnencdf @sh savcprolt 6 $o0 engpentier, or

aut omat ed, sof tware to.def.] nd adj ust .the normalizati on conponents taken
rom a I QIAED Gt diodn BMEBIeOROTHEN Pt o e IR PP M Such as

gai n- basednG@tivs pldnSRiAneweiki SRUhOAFREp AL BEHveA R ABs 8 3@ Usb@t cdRBrting

mat hemat i cal | mage mani pul ati ons for normalizing raw i nage data match a
def ect r e¢bpwrbeolisontoghersgiedterbprodeds.mat erial . FI GS. 6A-6D provide a sinple

le i [ h . ' I how
campi o 005 g S TGP OESR Ry TR B el oF SR NG P

| mage capiatdneetéle ik&EbypEd@trsiohh@hirbBengin® 40 iFor exanple fusct Rérfacagwddrtez 110
illustrates the background signal output by the inage capture device for a
si ngl e pidtersithauscy tp drest enycipiy @niakengsie G4 t9reeBsiH M ORMOEXPT Hr at i on
backgrou i . -1 hi . i t.ngl e
e scan RRuFLL 8 ut bl iR RPy s bR ERRERRH A balhalli i)
| evel s. Angihwercagdaefigcturrant ldvelsoddt@andind/dreothsrggeancagt.ur e devi ce may

an additional, 25 units, for q readi ng ?f 115

[

increase |jght intensity ,

units. Hol _rlilq-ﬁ%ﬂewgéé@? tBat JsHEtes FARTAEFSt G OBRRAa Y HHRMHHPS; P al

char act erdodidi&ionicOn Qs Toefi4 iBiféRnerRANS Iﬁ‘?%i@ﬁlﬁﬁ'ﬁl&}z shacakRduRt the edge of
the field of view (pixel P2 in this exanple) may result in an increase

| i ght i ntreossisfigg of aimalyiats 72A4rand imegddatg 72E by séfeanprosessinginsodubos e caused,
for exa by differences in |lighting.,angle at,the osi tions,

var i ance DRSS i GBRonaRry? FHENEr i aPess 19 trhh Tufanel SR eshce | n
optical char ad, & SlekCstRbted iMNMPHEEMIOKHLO bi18n Shdl{8S EHhp SIS lboNsd ar

ot her optical conponents of the inmage capture device, or 1ocal differences

i n envi r ontehmanufegntng plonso usog h serple Empdeigetinmelegrobe9] FIG 6B _
e o AT St S 1% e S8 R P B AL Bl LGP, L zat o

approach 0 nornalize a round" si 0 a uni formtarget

l'i ght | evsttorhmd Qdesighites A, 1A, 8HIBFIEX 3R fsedsd &lriupgo Nadifferent feouireaedts pi xel
position are calculated for the cross-web | ocations of the field of view

and appl i ¥dot Broduels é3r Feapurigrange FbididRf HIO. Phuescgéeiliuserc thamapniezal , a
e 1 of Dot o pfln MR 6 GBI RAMRI AU (LML rRILF SRy eghee 2t e
Backgr ourtal)lc B2 xkdwd/ahich.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
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For exanple, given a target normalization value of 100, a scaling factor
Spi for pixel location P1 can be calculated as follows: = 100/90= 1.111.

[ 0070] SiwbDl2arl/og491a scal ing factor Sp for pixel |ocati omCPAISC@EN/0R@®28
calculated as follows: Sp2 = 100/130 = 0.769. 100711 In FIG 6B, a
normal i zed background signal 120 can be achi eved by application of

gai n-based nornmalization using scaling factors calculated in the manner
descri bedTap@vaEgctas upaaeepiablaiiehe atchds legenand seenomumdi by o exaydisiereno i s

uni formy_fl-at. i I - i i i ition produces
a nor nal ilgfgbgf?%%t@qrgegégg}%%gk &ﬁ%ﬁ%@%lg%&{@t%@a&?aogn\é Songﬁﬁhe calibration
backgr ourjd06a]tleratdition Howelgerithndupptied by tefeetpraqpsing echodelee b0 carecogni ze t hat ,
al t hough .t he approach may be applied to%(ﬂéhfj eve unifarmintradevice

r esponse FAROIRESTEE FORRITH HRREIRETFASING ARACTIES cxfraciion IRAtPiBEARULEAL a

gai n-onl ViiARpf B3chHRYN ARy BRE RS S AL LABO RS BYIGnE Rirf REMNDh SfroR§ PONSe
wth resp%act to defect d(;)eta(\a]ct :éo%f j at 1ri S, theng’echﬁri qugﬁs ﬁer’:\:;grgoare based
on a recogommadicomdtdyadictimegsmsnipmiariesy dipstel fit¢rmgrsasipect aftlacidefikes, Sdekct i on
may be different .fromthe syst res se Wi th respect 1o hackgr.ound

Ve at orf PO SNGHEY GE et PRPOLER A P B e scBgBE A | on of
scal i ng fRGfueRd pphedssiaf duchRd HoribM@arsFiik ah@WRARSIEL tYanfrh8 ScohdSluabsk, 157 for
t he sane defect at pixel locations Pt and P2 result in normalized val ues of
127. 7 unimerpholdgitalonracasping sthroskalgwet ¢onaksted qoraponeat atabizgh bitdr pra¢dssieg,
backgrou sign may . be rendered uni form by a i catiaon of,.scal i t he
Fesu't anto Ry B OE BRI e ot SRR SRR BORESPh er ent
pi xel | oahé¢ bppaiicwasb ARV eles fo whatdaelesidd Reaaty ldveldf deficedatdtions. | n

this exan[Bl%e3 when | ocated near the edge of the field of view at pixel

| ocati on Ithpsh obEhedY prasych isgwranens Sheanderaggomplished apipgseleeed ect
classificati ] { ' ] i agsl . y in the
mat eri al ct?’%)ﬂbgﬁeht%lﬁ%?@ggir\'gdedg %fgétg%%%%fg &%@h&ftgégt ‘gﬁé %%3{1&?‘}152& enter of

t he fi el dveof siipbthatshelidxal niseatm dblobRitocdsing saneradehngdex dpyrithnsduceasa
normal i zed . qtﬁznsi ty val ue%(if 127.7 %hat ex§§eds t he defect classification
t hr eshol ¢P&EH Tt MOGPROIRE S SRS ITEHEN R (IEFS ol 2 Ve DECGEPUREG O 28% o

defect. Thh& kﬁé@mﬂnsg@ﬁ%&%g%i@ﬁtﬁrﬁét In?tﬁis%&&ﬁ?li@g}{ cg\é%?lie?é?&%eitéblé @g,er esponse

of a defect wth respect to Focation within a view for t

det ect i orprdduct oeuremETfidst weas cambianii@neialgoritbinags A, @ad iton cath dppbedief ect
even though the background si gnal s cal j.brated and _.nor i zed using a
ccal i ng. TEPGHOTNY WS FERF & B L P e a SRR R o HOgnI 3
nor nal i zalhOchi SR RHMBEIMITRY a GRS ORIEicA eRBldyes, itoifagy oF ASSAf hedlAgs def ects
in the center of the field of view and fewer anomalies to be classified as
def ect s aeparhtheaggmslyss annetupl ddfertghatiosipen ofrvelubdess swbsasistyspredugsi xel
val ues b esent . i.naky .. r v e | r r poses
vl e RS S0 TP PR b TRl
subsequent requirements 82 are combined into a determination of whether a product
requirement 80 is satisfied may be more complex than a simple OR logic. Similarly,
product requirement R, uses A,, Az, and Ag, etc. Thus, the anomalies that are identified as
defects for R, may be similar to or significantly different than defects for R;.
[0064] After determining which anomalies are considered actual defects by using cross-
reference table 82, conversion control engine 64 formulates defect maps 72F of actual
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



[0073] FIG 6C illustrates exanple results in the event an offset-only
approach was utilized to nornmalize the background signal to uniformlight

| evel of wOQoumists4 In this exanple, offsets for each pesirttisomniacw?2s
calculated for the cross-web | ocations of the field of view and applied as
con-ection values to the corresponding reading at that position. In
general, an offset for a particular cross-web pixel |ocation can be

cal cul at ¥ fsempgicfasharap rrasseeond mradee teaudiermsni Ade4Pudn thigaanmrk el  val ue
[0074] Fa npl [ ' ' . of f set
Opi for ﬁ%?é% gﬁg;ﬁﬁ%ﬁ¥§@e§§n e ég&@% a%%ﬁ@g%8£8¥?%§§}8%%%PQCT%gn_ 90 =
10. 0. [ OQpobifionSiofith ety arc @onwdrfed gfito QpZert@mrproduced. Ormaeahis has R2ncldnce heis

| cul at foll : = 100- 130 = -30.0.. [0076] As in FIG 6C,
& nor mal i @ﬁs&ﬁ%%ﬁw&ﬁﬁ&%«%ﬂ&% B ﬁmﬁ)fépna‘@ﬁ]i“é‘%}%’&eﬂ%ﬁ 4B YRFROROBR:
of fset-b 6[@@@% QKR 4451 mmgg%gr@géégﬂlgtaﬂﬁ S%S%ﬁl?éﬂ% a@?lcﬁ%ﬁ@%lﬂﬁe %%Qzéo the

raw vi deo 110 acquired from background teri ustrat
nor nal i zettdstiok ghgorithinssipghed byl 8€fectprocuisfiog mogduleb &0 aierdeacrared dy-ometmonly

di rection, .wh h pi i tion prod | | Li |l evel of
T00°unt ¢ SHBBH SeaAg e SoaRrh S BN BH SR g Sial Harfd, ABEARODLS a0
stated abonp, METEICEEOR AUTHNMAPEDCEWHBENSFEC BN NhE@Ens Addorndyi kb 0.

gai n-only approach, the offset-only approach may be applied to achieve
uni f or m i 6P aUHQAA, didedr Applcis 800N, the endispeattentpobalikh psuneprperiatddrgtdiohy but
t he offsqiﬁqug approach may not necessarily achieve a uniform system
response Wt espect to defect detection.

[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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100771 For exanple, as illustrated in FIG 6C, application of offsets On
and OP2to the light intensity values 115 and 157 for the sane defect at

pi xel | ocwizongs4and P2 result in nornalized val ues oPCIAB2@102002% and
127.0 units, respectively. Thus, although nornmalized background signal may
be rendered uni form by application of scaling, the resultant intensity

|l evel s attributed to the sane defect at the different pixel |ocations may

never t hel &8@plss dicruccatayipiicd Pé af theisgiale ling wasi ackgroundsigpil d 1@ kanprdue ahen

| ocat ed -+ he e th i.el Ve [ ' : e

nor mal 1 7 UHPORET ES Ul "Eglvel e in e oS B B helie 1ldlC) 4 1o
of 125 | iightasgnighsintemity by amudditondi@S5 annsrdbya teadinpef mbs enitsal Héwevee ihr eat ed
as a defect. In co%t:fra t,.when | ocated near the center. of the field of view
at pixel PBELEISN? ?Ct}amngé%q PRt wime i sical gharisghiongn S o 12eaiiaRs t he
same def : ' IS SRS ;aql%o s bel ow
the thr ega%gld RS(% ﬂ%?ﬁ%gtaﬂtgggﬁ%@n%qégﬁgld& di sg‘%éézg?{(%gg.tmgrﬁi S elEarrfLJ}{ fg%ﬁllt
denonst r ahes idiedse aphtoniegsifadf auniafeea readingef d &% poits o may detactdw t h
respect to location within a f.ield of view for the detectian device may
an fost ECR o ARt it B Bt ae s BB S St TRt PR ¢ e
backgr oungspoh & th@NferiMSighld Aphl Qekiand imeptiral tretidatitgof prerdeniRr each
cross-web location. Mreover, 1n this exanple, application of an

of f set - oriit herbffpmghi pastticnn onpihcvertivahegmpomgste ofithca mage paritire slevige tog local
classifi e(ﬁi as ge%fiecltlsiri glea%altgneiegl es Cﬁfast[rrlg efmjlteled of view and fewer

anomal i es {% Bes et 88 TYTEd s dietfle t ST NP CERer of the field of view
[0078] FI[006HFIC. bBSHlistags cRardplcirayuits ot gvaundsagi-glalpiksd Qomedi-gvad by
application of a technique that conbines conponents ofp gai n- based

cor r ect i cPwaehisorttiged tompsmaliewthe dackzsorndsiget teer wriforiHareelighyilaieboti 10
acquired h C ngd. I T i_Sh t i y a
proporti olr(l)glqﬂig:ttg)'r &e@fﬁ%ﬁﬁ'ﬁ%\’/%ﬁgﬁ é%{ndéﬁg Ol}eert%?ﬁ B%%%J%ﬁgﬁotn sa%?%%ﬂg%gﬁ&gg% n- based
and of f setreRascdovaioms bt thatfictkhof vibe ned bydicslad et @trespnydonavidingatethat
adaptively conputed. That js, .weighted coefficients si. - sn may be used to
repr esentpyoawgaofrt Bl orealing fastaser %mrﬂaﬁ%rz%%SDWWQ@rlP%wg cafhere the
coeffici eniS A Lasdyngpi-cal ly adjustable, i.e., tunable. In other words, for
each pixel, the techniques described herein arc used to select a
proportionality between different normalization results on a per

pi xel - basi s, SalingBacdom+ Dpert Nomedlizty Vakicvaesrage (il Badlasahdp®ixehl i zed

pi xel Va|Uﬁ and an of fset-based nornalized pixel value. [0079] In the
exanpl e of2¥-FIG 6D, a first coefficient of sl= 0.8 is selected and a
second coefficient of s2= 0.2 is selected, where si represents a portion of
the normalization to be taken fromthe offset-based approach and s2
represents a portion of the normalization to be taken fromthe gain-based
appr oach.Fdrrxahples giver glsyrgdthGrmARatiepvasest Blaa RedlitglfhaedSs fgngkel140 when
an 80% weighting for the offset-based normalization algorithmis used in
conj unct i BFFURNTH @0 DessliriatsAEs fYl9Y t he gai n- based normal i zati on
algorithm As illustrated, normalized background signal 140 is simlarly
uniformy flat in a cross-web direction, where each pixel position produces
a normalized light level of 100 units upon scanning the calibration
background mat eri alSp; FAN0OSanplieé]. assum ng the coefficients of 20% and 80%
a raw background light |evel reading of 90 units at pixel Pl having a
target nornmalization value of value 100 woul d be nornmalized as: = 0.2*

Spi *90 + 0.8*(90 + Op),

[0070] Similarly, a scaling factor Sp; for pixel location P2 can be calculated as follows:

Sp2 = 100/130 = 0.769.
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P1 = 0.2%1.11*90 + 0.8*(90 + 10), yielding a normalized pixel value at

pi xel Pt of: = 100. Simlarly, a raw background |light |evel reading of 130
units at woxelvdsemati on P2 woul d be normalized to a val reTafS20100200p9080]
However, with respect to defect classification, the light intensity val ues
115 and 157 for the sane defect at pixel locations Pt and P2 result in
normal i zed values of 125.6 units and 125.8 units, respectively. Thus, by

sel ect i orl08711dn F3G/ 013, 4 rarmalizesk bagkeround gjansl 120 crebe pdticved iy apahicationef
intensity | eyel by - ' Lxel

| ocat  one2 Bl aBlhliO R Pochilfe AR B AGEA M b Ml dSLRMIBIE i g
t he techmgiliestraed chid dethalissdebhackgronnd kipsal d2anphreforinfyeflamdn mekészectbi nt ensi ty
val ues at both pixel |ocations.Pl and P2 exceed the defect classification

t hr eshol dlitFefiQf Whsse wg RixehResidon RpiRiegss @é}@%@lwﬁélggwaﬁ%m} 10 WiRB 2 i | al

to be cl agalii@itidn i Aafefin BLENSHABLALLMIORSRPIRECE MidudehBeLs My vary

Wth respect to location wthin a a give ction
devi ce, theren vaogane thatmlthdinezhabe aprosdh thay baigiphgd tdhechoadeivprfatm orraand

ror T 90 80 855 SRS o OB L Aeherl g e ¢ ech e
whi ch di fafp?fcﬁeﬁ 39 EBhd R kiR b HERE AR BFE sYWRérE RdsBOnWivith ffdceiedifect

coefficients so aS to achi eve uniform defect detection in a cross-web
di rect i ordefastion Thaslig tlyf teghraques derean gfic\besedi aneyes cogptien hadde syssem The

2'5 J her - o, delonBOl ¥R L&k t el ARt GG Bb iR TEIT R Shiedh RS onEPLGRENT ed
respect to background variation.

[0072] For example, as illustrated in FIG. 6B, application of scaling factors Spy and Sp; to
the light intensity values 115 and 157 for the same defect at pixel locations P1 and P2
result in normalized values of 127.7 units and 120.7 units, respectively. Thus, although
normalized background signal may be rendered uniform by application of scaling, the
resultant intensity levels attributed to the same defect at the different pixel locations may
nevertheless produce different light intensities. In this example, when located near the
edge of the field of view at pixel location P2, the normalized intensity value may fall
below a defect classification threshold Tp of 125 light units, causing the anomaly in the
material to be disregarded. In contrast, when located near the center of the field of view at
pixel location P1, the same defect may produce a normalized intensity value of 127.7 that
exceeds the defect classification threshold Tp, causing the anomaly in the material to be
treated as a defect. This example demonstrates that an original variance in the response of
a defect with respect to location within a field of view for the detection device manifests
as a variance in classification of the defect even though the background signal was
calibrated and normalized using a scaling factor. Moreover, in this example, application
of a gain-only normalization approach may cause more anomalies to be classified as
defects in the center of the field of view and fewer anomalies to be classified as defects at
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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sj,4 + - ++ siBp, +s A where Pi represents the corrected pixel value, p
represents the raw pi xel value, A BZ represent different algorithns for

i mge corweabiins4{ie. g., of fset based, gain based, backgrouns$2aaoeeagti on,
dark offsets), and si - si, are coefficients for the polynom al. These
coefficients sl - sn represent nornalization portions to be taken fromthe
di fferent akgorlthns where the coefficients are dynam cally adjustabl e,

i.e., tud8873 FIGno66ti ‘é%tfaV%teéi%mplle}ﬁ@Wté@hWﬁ@M@ﬁ ag odlsetraydy) apiepshivasr ¢ used to
select a f t I n a per
o1 xol - bagi2eE iRl e BEOMRAR AR o P oBA BRI g dra ol hn 2

pi xel valaxempredoﬁ“mst@fofrsecthﬂmmﬁ am@teri&llatzécﬂorphe(aiosy@bblmcasorshﬁmhm fiddldweé. The
same proportlonallt may be used for all pixels or may bhe determ ned for

each pi xeflew padam! 1e‘i*ﬁ‘? SO gckion yp e%WP%&%GS@aﬁdlB%r%g@lguﬂt thah DAYESA- s f er ent
i ndustri enélP lah O#EQADSa Rérﬂcél%n&o%' %Wféfxgﬂ%catfoﬂrcaﬁ Y2 W BlatckiRg oS i al

bei ng manuf actured and | hspect ed have honbgeneous structures
that pass light uniformy, such as gray filns. For such filns, an increase
inlight intensity applied to the filnlmhen i nspecting the filn1results in
a simlar increase the_|ight |nten recelved by the visual inspection
system In such caé@g ta TEgRNeReali SRPeixeloVdlke gai n- based
normal i zati on may be preferable. In thls case sl may approach zero. In

ot her cases, techniques may be nore weighted to offset-based normalization
may be preferable, i.e., s2 may approach zero. Such techniques may be
useful , f[0074x@mRkemple] giRersotag@dt hethalankiod valdoR Y, e affb@ By, Wrgsiecinor mal
f|In1response results in dinnished or no Iight reaching the sensor unless
a def ect lpeatigpddn be cplculatedias &lleys: cases, neither sl nor s2 are set to
zero, providing for a proportional nornalization schene. Mreover, in sone
cases the techniques may be used to apply correction using a

hi gher-ordered polynom al. This may be useful, for exanple, when the
material may be an @gt+ V@ opi+dalo.fil m such as |ight guide, where the
optical nature of the material changes in the cross-web direction.

[0075] Similarly, an offset Op, for pixel location P2 can be calculated as follows:
Op, =100 - 130 =-30.0.

[0076] As shown in FIG. 6C, a normalized background signal 130 can be achieved by
application of offset-based normalization by adding the offsets calculated above to the raw
video 110 acquired from the background material. As illustrated, normalized background
signal 130 is uniformly flat in a cross-web direction, where each pixel position produces a
normalized light level of 100 units upon scanning the calibration background material.
However, as stated above, the techniques applied herein recognize that, like the gain-only
approach, the offset-only approach may be applied to achieve uniform intra-device
response with respect to background calibration, but the offset-only approach may not

necessarily achieve a uniform system response with respect to defect detection.
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100831 An alternative nethod for applying proportional inmage correction is
to take an iterative approach to the proportionality where the

proporti omal2otyesican any gi ven nornalization al gorithm i #Chased1aokeast in
part on the proportionality previously determ ned for any normalization
algorithnms having a |ower order within the polynom al. For exanple, this
can be done by first calculating a required offset anount (for instance)

and usi ndO8AIVFoa epgrplicots iBpstrakesh inddouel. appbisationaf offsets Qenanh@ertodhe t he

d
techni qud AL EGHGalyS, PEY A HOESE: 08D RERATIILART 1 RANZRLAGH DN ¢
proporti mmaﬂna]h;yadmh&'s aﬁnzfa@ dnﬁtsha&ldmlzg meuimtsr ﬂepsecaoaizf Thue nttsowhanot@plerdent

upon this scal ar ||OWI g equ ns SiJmTB.I’I%e this |an ?mantation for
a first ro beljen “( um gpplicatipngf scatingpth FECSYItEaRts t he raw
pi xel Va'1H€ens1§y 1'e§e1§ Q@nm{t&%&ﬁé ?Jh?é &éfé’ct%@ﬂl%td?ﬂéreﬁtqﬁ{el@68&%115%1@1 i xed for all
pi xel's), T is"the target normalization value, he average background
pi xel valnsvee;rtl&,less praduec differang gipti irehsioéd. sletthls aminp};e whert lbeatpd Redr tlgai N, Thi s

approach i el S sults 0 n_Fi s = 0.80. This
o bo et At Tes ey G BebDoR edrs HRarosash At e r B P PaRaRe SR ot  on
ar r angenepts:t alragklﬂ'@atn@ﬁ it Shol Y, aplzmﬁgﬁ 288, M cY bRk&l thP8ntAIT® in the
proportionality é 80/ 20) between the two inplenentations. 10084] FIG 7
i s a flovoarial th bt trsatedns fmgefaﬁ dR aomtast, mlmnéwtdddmald@@@mtﬁmfrtge fipld of

Taeo dardey abbirdafe om0 Mdicr e Ant P Bl uPCRIR Alhbls it B8l

embodi nmenb ,prcﬁiu@@-h inbfnadlized im&isey ivalucio$ 12 Nitat &lllk Belomobe ssechold éalasﬂng €hd mage
capture devices of the visual 1nspection systemof the manufacturing |ine

to produc@omaly tibgelsreparded; 8y cxamipde damonstraies Biat pmpdgingl vapgyce inghe exanpl e,

b t
Che cari Braers et e AR kpeRfodb RUESTraLs TER JIRA REIM AGohayichne 2
exanpl e, miyemacifsssaderathnoy er cladidicatibn 6€thk db‘@tﬂh@v@fl tlidugh clad bdekgdoundh light

material, the distribuytion of de ects nt cross-weh direction na be
subst ant .19Yq1yvaaﬁﬁlft6? apd porpkize ‘LBS%%P et Oaﬁafé]rfag%s locgfton: iNpreA%d:

statistiGgliy ep?dn%lb fa!pﬁﬁ&ttloh%?ﬁﬁéﬁﬁet%nlﬁﬁ&hf‘a%@adnrh QF‘JaQth% reh@ihye to t he
other cross-web locations. In another ‘exanpl e, g raw vi geo data may be

capt ur ed annmabed totbierviassificd ay defaets er dtahe edges héthﬁﬁ'tekt ofaticw snd &y

manuf act ur ed, ,.and ,an. av. e r,0ss- web i.stribution profile may be
r epeat edIVO%Hﬁfpé’ﬁ kv lﬁggﬁg?fg“é[ﬂptgﬁjcﬁg? %fe[ﬁ%ﬁg]g A MYre after inspection
of a gi vqoomr}gt;h69hﬂﬁ§%@témnmﬁ@ﬁh%@1s§rm sf@{a@'lll@ﬁohléléﬁm @? mtlaﬁbﬁas of
the web material. In this exanple, it may be assuned %, ﬁe r eal

cr 0ss- welfedwiastthaticombinss cpmponshts qf@armbﬂﬁﬁ@éwmé@nmw q@@t—:’bfﬁsad cetentios be
uni form 95 ng}nh]aﬁ{ze iR a%vO\rI]Iig M é)t acg%utrg({] o) tﬂ% BcjtctngounLi%)ageEr al, ‘?haﬁllg Qﬁé case, a

process engl neer or aut onma war e Sse

coef fi ci asitmidues bpplyagtofodtiodaneorrdttibA haeivf eenspitucat cdi@pdmhusmtm potheglhat i on
(154). That is, an initial proportionality is chosen for each of the

avai | abl eyl afbeirhised apmlzaqlgb MCHiRe Sqiﬁ%teql Pﬁmmen@@re HaPEBEYf i ci ent s
may be s f nt.s i

pr )c/)cess gdr?gﬁ)trlllgegr Trhgmg %}Hgtei Cge (g{:eltn{e‘S bgse ?é ut y%‘éé’kfn;t 9@?2{}0?%{6 to be
manuf act ulifferentAsormnbzaenarploeithrhowigrae fcoéﬁﬁimendeﬂrad&rtanncmlfyfadgnsmbles iref 100%

gai n and 0% of f set e.nit aII conf i e ark-fiel
appl i cat i BRRbIC: J@f%%ﬂrtwq:f& ¢ e Arsh 61%6 f@%@%ﬂ %a%fal%%g%e@r%rgé%e%ﬁﬁyds@ Ased.

As anot hefosasmligy baebayliireraehbintdigMich Ife@mts%nfdlsétpu@i W8dis,Reby oM al  may
be configured for ‘other types of for per-pixel normal ization wth a

propor t i qmepartignabity BOWcof & gan-tasdl ®ESbzaidpixel value and an offset-based
normalized pixel value.
[0079] In the example of a FIG. 6D, a first coefficient of s; = 0.8 is selected and a second

coefficient of s, = 0.2 is selected, where s, represents a portion of the normalization to be

taken from the offset-based approach and s, represents a portion of the normalization to be
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100861 After selecting the initial set of coefficients, the raw i mge data
is normalized using the currently selected set of coefficients to conpute
nor mal i zewlowval wisg91at each cross-web pi xel |ocation for eaglusswasm2dozhe over
t he down-web |l ength of the inmage data (156). The nornalized imge data is

t hen anal yzed using one or nore recipes to classify detected anonmalies into
defects or correspondi ng sets of defects for the different reci pes (158).

[0087] THekandeun thagaintbised epprane. i 1§ otls vaida VG P asesgnigafmosmaldgedt r i but i on

profile i [ ' 0SS ' QN ] ' .he
currentlfiggrg%<gh&E%h§¢%Q%E%ﬁ?gq§%§§%ngﬂ%géhﬁgg?L%ﬁ%ﬂﬁ%%gébﬁgé&%g%ects IS
det er m necohpuhco@cwith BQ9%: weilghting fur itlongav-dasct herdawative bigbathgd. hAof t he i mage
data to forma cross-web defect djstrjhbution profile for the calibyation
mat eri al 1GpstghBoRmabiEe peweiognd eighs 11y Sigulanly ﬁw@é{%ﬁbﬂ?mmyg%] The
def ect di i [ [ P S ' At R
engineer(%%%?ﬁg%Q%?E%%§ g&ggéﬁm%?@?dﬁﬁgggﬁgﬁﬁ$ﬁgqgﬁ{%ﬁ%‘%gggg%ﬁdlstribution
profil e issaraceetcabliyrafidrabackguod enageraipFe, examgled essentingdihs toé¢fhotensofpr of i | e

may be anglyzed, to determn ne a range hetween a cross-web |ntra-camner

Toeat i on b FG 0 oS AoHBS RS fealie o/ T LBt r o HADIEEEh i mum
nunber ofyodghRstion vAluk OF 04188660 WRURI be R¥EBIIARY a: di fference of 1% between
the | ocations having the maxi mum and m ni num nunber of defects nay be used

to determ ne whether the cun-ent coefficients resulted in an acceptable
defect distribution profile. Oher techniques may be used to determ ne

whet her the current d L Stri [ rofile is flat, such as a standard
devi ati on bet ween ﬂﬁéﬁﬂﬁﬁgﬁgag%oégﬁgtgghgk each intra-canera pixel

| ocation. 100891 If the defect distribution profile is not acceptable, the
process engi neer or the automated software selects a different set of

wei ght ed coef fici emis G&T1.1IF80iHA.8H90evilde pi xel normalization equation
(154). As one exanple, assumng the current coefficients specify 100%
gai n- based nornmalization and 0% of f set-based nornalization, the

coef fi ci gnélgingRynoP@akelidystedaly abpidefPingd i ncrement to specify, for

exanpl e, 95% gain and 5% offset. The raw i mage data is then normalized
using the new coefficients and a defect distribution profile is constructed
and anal yzed to deHg;qP@e if the defect distribution is acceptable (156 -
162). This process '‘contihues and may iteratively be applied to sequence

t hrough the coefficient conbinations of for higher order polynomals until
an acceptabl e defect distribution profile is achieved. [0090] Once an

acceptabl e defect distribution profile is achieved (yes of 162), the
process iYmilapea ey Faskgrenehlightage! eagingrod 14@ wniseatgrxal fecatipr Bawoukkhsect i on
system ( . i 1nhNtra-device pixel normalization equations are
developeé%%%?hégéﬁgfﬁ%%gxég%ture devi ce. Once devel oped, the intra-device
pi xel normalization equations arc applied to normalize raw i mage data from
the respgo8i] ma@ecvea Ryt RsplRY tcdfedBisdiReatidal 1B ligheidtdnSmg eal eyt 1A 51and
processed to identify portions of the web material having defects when
convert i n1é7tf%thwéwnﬁﬁt:fg¢ﬁ a4 pixchlosatinis Fdranddacplioamersalizegoohps ¢(f B5.@ is a
graph shaqw: | Stri { r.of | . i mge
data for q}glt\?\g%&i ?r%fgﬁlflg%%sgéa}s{;ﬁgpwqr lﬁlrslqé% %?&858%%?5@/? {) h@g{g f%ggglsekt)%giﬂgr ound
mat er i al ,cotleetionyagacaaphtinensieyiceels pttabuted t tha save defge d drkdiffengndpiselgnal

200. This may represent the average per-pixel background. val ue over the
| engt h oflo?%@nﬁﬁﬁoéP?eaqu%été@%g’ttﬁ%?af%e BaiielroLt rghugsavise tJé? rhgfees
Cr 0Ss- weby.p rigehthhfeﬁ‘r?- Tn tRis@kbife, 68 $Brmdlzed m%‘ﬁkity%ﬁllé%%ﬁg&'eglﬁééﬁo%go

i ndicates t e I mage capture device 1s nore sensitive on the edges of

t he fi el dlofnd2emnceddthaddictti dassifichon irssholdsIaef Idpht swtsevhahassseseb
defect distribution profile 202 for.the i a. In this exanple, the
ncor r et BGPRTEE {1 HESHTLES Bhc BReisd s aa5oty s Afbied S PR Bt 1§ gh

i ntensi t ygek@t hlal Waky @itE r@p&Y 8 RAUIASPRRIAQ IEDf AcRabesbives dBeagsnt ed at
each of the crosSs-web pixel locations of the i mage capture device. In other

exanpl es,dedistetbis vdirigngs thut borccprieitd far w32 thagal theativnrapd metmalization

approach described herein.
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summat i on of the nunber of defects detected at each pixel |ocation over a
defi ned down-web |l ength of material. [0092] The remaining plots of FIG 8
serve to wonohens44itl ustrate the process descri bed abovePby/uskéiai2@2pr ocess
engi neer or autonmated software selects the coefficients to be used for the
intra-device pixel normalization equation. In this exanple, plot 203 shows
a systemresponse to defect detection when coefficients for 100%
of f set - be{%&lp Idaeeresel 8ie taraiams guy hecbveosiapplyiiee pplpnareigl gasrection on a
normal i z show
systemr ggﬁéaﬁﬂl 1@@%Rgé?ntﬂéﬁggm§ggh§ﬁ, ereléﬂgfgﬁgﬂﬁﬁggg
iterati v&toyffmmm td Iactﬁuxgammfmernaie&fcf date@ion merm‘ﬂueartdbam:ctrl@mfgir lag‘letdr@ﬁn 100%
of f set - based .normal i zati on down to 100% gai n- based normalizati on using a
10% decr eVr‘f%‘ﬁtforti’e%lMEeraéSGHPtP’Ee\e&é(tqeo Ff% ﬁtg%eae °t P%‘V%?m@ﬂ%rtpllf&é FREHEPRI on of
the offs adj usted and a remai ning portion of
correctlgﬁmF%§§§%§g%g§&§§%ﬁg§?he gai n-based coefficient, producing
of fset/gai n wei ghted conbi nati ons from 100% of f set / 096ga|n to 0% of fset /
100% gain. [0093] As shown in FIG 8, neither the 100% of f set-based nor the
100% gai n- based approach resulted in substantially flat normalization. That
is, 100% of f set - bas nornal zation pr ducgew aldef ect ;i stributjon profile
202 that resulted i _ﬁﬁ ' 'deffedt ? t ie: whi éiloowbgain
approach resulted in a defect i stribution proflle 200 that resulted inn
increase in defects in the center of the field of view In this exanple, of
t he conputed coefficient conbinations, a proportionality of 50/50 for
of f set - ba¥kye Rorreﬁ@ﬁt%tlteeﬁrr?@e@mmlwé%@n weorarents therpwipl saluect B

distri bUtr‘eI?.’gsé%‘i q }regt_t %%gén'ﬂﬁ%{é 39 ﬁl;}g% Jolrl%tktfl] & §; nf%‘%téﬁas%‘&“%faﬂt BRs&J 0SS~ ""Eb

i ntra-cane prof i nsequen ntra-devi ce pixel
nornal|zamwbyomqhamheaﬂnfdmkxﬁﬁ@&ﬁ%n&sﬁ*QQH&C@&E@@&&%b@%&poMnmmmlbe

sel ected %§e qégp to normalize the rQMIInte val u at e iﬁﬁé,locatlon
wher e Spi T I5ATICQSALIGIEN SsefrrePIsecy aPTizaden BUEPIYS ISP set

val ue, r Qﬁ%&ﬁﬁﬁ&é’ &l ore HHadbeMRinE 4r8 Qﬁ%ﬂgﬁw alcg s!%‘aﬁﬂ%@'e' %ﬁlaﬁler %"oﬁt%‘? kgr ound

i ght int val ue at that pixel"to a tar I ntensity val ue.
Usi ng theN@ﬁ$eh¢Eﬂmmqeﬁﬂkenéndéeﬁmrmem&thchCUemDpeﬂpn&eybn@mnnl|zat|on
achi ev i,.zation of a

2ySt em r GURBCEITERATRESERE OB 5T HAPhEbatich B oS G DoAY bt

g:;?ﬁ’; 'eO g\[}?té%eé OSSRl vRd pRiel €Ahd A ACSRREDLARE nbhRdIFe@bixkl MMOhs hd@ni Mage
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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100941 FIG 9 is a graph show ng defect distribution profiles conputed from

nodel raw image data for a web material. In this exanple, background signal
300 and uwooanrigstad pi xel values 302 are the sane as i nPETES2@.1/07ives
remai ning plots of FIG 9 serve to further illustrate the process descri bed

above by which a process engineer or automated software selects the offset
proportionality constant (s) to be used for the intra-device pixel

nor mal i zighs-osdpied pefsnominl-t Hiis may apseful, leroxanol, sthentheamapaleamy s ponse
to defect, dﬁ%{i@&%ﬁt{)&l Hen.Ce! ﬁ%}ﬁ' ﬁialteswg&r tﬂeocgﬁ’{?cgf rfa%ﬁ% oPaRsH tSRﬂrcﬁ&gﬁQ“. (s =
(51°oga| - §ppie or o he T

1.0) and correction ar ornalization o pi xel
dat a. Thdntlenabssi-web giratisnshow syst em responses when t he techni ques

descri bed ejn are applied 1o iteratively sequence through the
coef fi ci dﬂ&eﬁo%?lﬁ%mttyﬁgn%%f%@mlm&pimyﬁ%af SBISHRSEHI NP AAHE 4Ri on (pl ot
303) domte&aix%%g%oaa& fb‘tﬁ%?ﬁ%oﬁfb‘nﬁﬁt ke ﬂféﬁfﬁédrﬁ@ﬁdli%ﬂfo&'%h@g%v%? 10% decr ement

bet ween each iteration. ach rteéeration, e proportion he
of f set - bamedaltzmpo akzotitling isdwhsers4td chsamdpaat aretiripmpogiquahityi paviofislgorrection i s

achi eved ing t ai n-based. coeffi.cient, produci ng offset/gajn weighted
o ma [Tt SR s Betion GBI TRt inEh BN obfhr N ithg0e B RO TH 0051 As
shown in fdr%carﬁpleﬁtjﬁistc*aﬁ'befdbﬁe BPa% @Iﬂf:@@ﬁné@&@;ﬁir@@éff&éﬁﬁm%@@t%f&ﬂhﬂaﬂb%g/ed

e 0

approach resulted in substantially flat nor ization. That is, 100

of f set - bawddismgromil 4 pertipopf habatnewd sachibdriebe rananddriof theonqyragidoriectBan t hat
resulted.in_an increase.in defects at the.e s, while 100% gai n. roach
Fesul t ed it HoAMg PERFRGE Br BGHTGHT pRipip B SRR B PR BePPR eace
i n def ectagdérn I bfis BRHo@th@é id hdngdle plapoeiondiiBonbtant dhidshekighg! @derof t he
conput ed coefficient conbinations, a propartionality of 60/40 for

of f set - baoeticHBENHE deranident upen dHs pealias dbC fRIloveng sguations suMyisdiied to 50/ 50

for the | i i pon- used to generate FIG 8) produced a
distri bupﬁ“@r@pér%ﬁo}“gﬂ%@%g{/@%&&h@’?ﬁat test or nost uniformcross-web,
intra-canmera profile. ans&cauentl , in this exanple7T an intra-device pixel
normal i zati on equation of E\G T - 6 ﬁ(ﬁl’:—T-(p' 1= o0 60i woul d be

sel ected and used to normalize the raw i nage val ué’ at “each pi xel | ocati on,
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val ue, respectively, that would normalize a raw background |ight intensity

val ue at tiikas), piisxthk tdrgetanotmaalgmtion vglt, Pnis éhesavieyage dhdezrowssl meeltvakies@) isct ed
coefficients for the intra-device pixel nqrmalization algorithmallows the
model ed qt &GRS 9§ HomER isvhe st 2ot orroRe aYl%@_%*?]Sﬁf‘mF é?ﬁlﬁ%%se wi th
respect t@oRALNFING OBGHEHQWEIRE! IR kaRHEEIRTF af &lkBRt $09% offGetAng LSS - Web
direction across the field of view of the inage capture device.

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
23



[ 0096] Various enbodi nents of the invention have been described. These and
ot her enbodi nents are within the scope of the followng clainms. CLAIM 1.
A et hod worprivesing: capturing i mage data from a manetCaaiSaried2oves eri al
usi ng an i mage capture device; applying a first one of a plurality of
normal i zati on functions to the inmage data to produce a first normalized

val ue for_ each pixel of the image; appl ying a second one of plurality
of nor nalffaaeinsicrialag theapaerial iy being magefagiared, e ¢y Hres. gosevehdefagr mal i zed

v2 v ! AR R oo o SRR gL L0l SRR e 1o

porti on dhspchorsefogidenazngil of zleomual fucuded wobatiteiddl, fusk apb@ edescrs of the
web material. In this example, it may be assumed that the real cross-web defect
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
24



processing the final normalized values to identify regions on the

manuf actured material containing anonalies that represent potential defects
i n the nmawofacivosussd nat eri al anal yzi ng t he anonmalPCedaiSt@ 102i0e8 M ne a
defect distribution profile for the manufactured material; adj usting
the portion of the first normalized value and the portion of the second
normal i zed val ue used when conputing the final normalized val ue for each of

the pi xeluest darmintwheiberabe caray epglieicnt rpruded insan accepfplale defertal | y
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of diffenﬁmﬁbmnmnabﬁkaﬁﬂams@ﬂhﬁm&&mammx&pmhbﬂﬂmmmeaﬂnﬁnmﬂkxefd&hﬁsstand
sumed usi ng coeff|C|ents t hat achieve a substantially uniform defect
detectloﬁmP%Fm@‘FPET%p%? I9faiRNof the i mage capture device. 2. The method of

claiml, [hygd)NetnccRRE iRtMition groﬁle |sTR® h&%pt?‘t&%%ﬁl%%é%?&de@e%f bigheW th the

i mage capture device to provide backgroun sel ecti ng
t he pl ur auidnyated safivdre saexts mdiffendnit zettaf oveighiertcaedingerge fartib ingaclevet t he
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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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3. The nethod of claim2, further conprising: sel ecting wei ghtings
that determ ne the portion of the first one of plurality of normalization
functi onswendiiseiporti on of the second one of the pl ur&Cirtus2af/ 020028
normal i zati on functions. 4. The nethod of claim1, wherein adjusting the
portion of the first normalized value and the portion of the second
normal i zed val ue conprises adjusting the portions in real-tine when the
manuf act pkEENaten&f thel nynzberahdefaes d?té‘éted ataclrpixchlocHing vt & dafipgdidown-
wherein Rgﬁabh%ﬁ tLraneRf the normalization algorithms is an of fset-based
nor mal i zat ori t% and

[0092] The remaining plots of FIG. 8 serve to further illustrate the process described

above by which a process engineer or automated software selects the coefficients to be
used for the intra-device pixel normalization equation. In this example, plot 203 shows a
system response to defect detection when coefficients for 100% offset-based correction
and 0% gain-correction are applied for normalization of the raw pixel data. The remaining
plots 204-220 show system responses when the techniques described herein are applied to
iteratively sequence through the coefficient combinations ranging from 100% offset-based
normalization down to 100% gain-based 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.
[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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wherein the second one of the normalization algorithnms is a gain-based
normali zation algorithm 6. The nethod of claim1, wherein the

manuf act weaoneserital conpri ses web material, and Paimarsedn/oedees i nage
data conprises an imge of a cross-web portion of the web nmaterial across a
field of view of the imge capture device. 7. The method of claiml,

wher ei n adhﬁating the portion of the first normalized val ue and the portion

of the sd8B¥ Hbr i ¢ 2wah vhowiag detept distabutioneprefifas spagutcHdroapmodeliagt  t he

1ot PO LRI ELY o, 1y SELEHT BLPEAARE BRI B akEcp8een S

nor mal i zgdxal&blues 302 are the same as in FIG. 8. The remaining plots of FIG. 9 serve to further
illustrate the process described above by which a process engineer or automated software
selects the offset proportionality constant () to be used for the intra-device pixel
normalization 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:

T

T (»r-060
=060, (. )

P =G/(p,~0.60,)=

I

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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8. A system conpri sing: an i mage capture device to capture inage data
froma manufactured nmaterial, wherein the inmage data conprises pixel val ues
for a fiewo20f1/08saw of the inmage capture devi ce; PCa/US2011/020028

conput er -readabl e medi um storing paraneters for a plurality of different
normal i zation algorithns to normalize a background signal for the inmage
capture device to a common desired val ue, wherein the conputer-readabl e
nedi um f Uetneese SithFesped te bethfthepackgrouad S@aélrﬁnéfdefq@bdqsmoalm fgragp-web

normal i z omputer that conputes
normal i ze 1168{" @A&?Srthgggl O?Qi%t“ho“he Hﬁ{%ea&?i %ﬁ%&lﬁage data as a wei ghted
summati o r[0096] régiduk smbodimcapdfi theahnvenmcﬁnfhaaé beaaddscritd. Athesdendte!
normallzatlo orlth thmgthe shg ed p rameters, wherein the stored
coef fi ci &Y HB?I}%TG\M@@% thergeps @rthe MR TPt each of the different
normal i zati on al gorithns, and wherein the anal ysis conputer conputes the
nornmal i zed val ue for each pi xel by applying a higher-order polynomal in
which a plurality of the different normalizati on schemes are applied on a
per - pi xel basis and the results are sunmed using the coefficients as

wei ghtings. 9. The systemof claim8, wherein the analysis conputer
processes the normalized values for each of the pixels to identify regions
on the manufactured material containing anonalies that represent potenti al
defects in the manufactured nmaterial .
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10. The system of claim@8, wherein the analysis conputer conputes the
normal i zed val ue for each of pixels by 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, applying a second
one of plurality of normalization functions to the imge data to
produce a second nornalized value for each of the pixels, and
conputing the normalized value for each pixel as a conbination of a
portion 85 tSE first normalized value and a portion of the second
normal i z e for each of the pixels. 11. The system of claim 10,
wherein the first one of the normalization algorithns is an

of f set - based normal i zation algorithm and wherein the second
one of the nofrmasthodhedmmisgiggorithns is a gai n-based nornalization

al gorithm ,}ac?? }@r ijfx ‘Wﬁ‘ ' ‘% : %{ | £ or
tha pl ural ity S pERE ARG G Rt B bR MERERNALT
di fferent nor amliyiagtai Gt boeof iagrsraiy dhadmubdtaohi fanctehs an o imes data to
usi ng the in%ge dat a iE %Pb?t%ntiahly @iéorn1apross a field of view
of the i FERGHCCEPELRITE RN Tt cothaiel L BATRT i m 8, wherein the
anal ysi s conmpeiyin@dj 4séi ol pREdiE b AbSndlRatidhmttid® WRBN ihdR data to
manuf actured material is _manufactured. )
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 furst
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;
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; and,
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.

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 each of a plurality of pixels

to a common desired background value.
3. The method of claim 2, further comprising:
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14. The systemof claim8, wherein the manufactured material

conprises web material, and wherein the image data conprises an
I mge of a cross-web portion of the web material across a field of
view of the imge capture device. 15. A non-transitory
conput er -r eadabl e storage medi um conpri si ng program code havi ng

I nstructions that cause a programabl e processor to: receive

I mge data froma web material using the inage capture device,
wherein the i e data conprjses an.i e of ., a crass-web portion of
Lhe. web rat erTOREONE FUSEREE (B GIgr TURBAOPOTiAE e RERpEr B dBUIEE; of
apply a hddalizR08 RhctRnPhid Hel fortief oMM NBEdndaine AT th! PRitdIRNSf h&mialigation
I mge data to produce a first nornalized value for each pixel of the

i mge; functiongpply a second one of plurality of normalization
functions to the inmage data to produce a first nornmalized val ue for
each of the pixels;

4. The method of claim 1, wherein adjusting the portion of the first normalized value and

the portion of the second normalized value comprises adjusting the portions in real-time when

the manufactured material is manufactured.

5. 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.

6. 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.

7. 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.
8. 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;

30



conpute a final normalized value for each pixel as a sumof a portion
of the first normalized value and a portion of the second normalized
val ue for each of the pixels; process the final normalized
values to identify regions on the web material containing anonalies
that represent potential defects in the web material; and,

wherein instructions cause the processor to conpute the final
normal i zed value for each pixel by applying a higher-ordered

polynomial in which ap lity, of different normalizat .schene
are applied of SnﬂﬁFaﬂF%gLﬁbé§¥‘H%nﬁogﬁ%nﬁﬂmﬁ§ﬁﬁn%3béfPh%&gﬁtQfgﬁiﬁﬁm
achi eve gostipshipRtdi@ddimd Y AQEAise] B5dkeRRhE SishAMol the3mEEOSHUE Bevice 1o a
direction for the freld of view of the inmage capture device. 16. The

conput er coremdnbsred valuggehareidithamoafputdragasdatls medium furihestetien a copdligippidor

glngoff : thhp?ch’b?é\{é%ﬁl%ﬂ&'o?%o%ﬁ&%ﬁ&&‘e[@odtﬁménaﬁf fset-based normalization

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 Ieast 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, and
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.

9. The system of claim 8, 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.

10.  The system of claim 8, 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.

11.  The system of claim 10,

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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wherein the second one of the normalization algorithns is a
gai n- based nornmalization algorithm

12. The system of claim 8, 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

13.  The system of claim 8, wherein the analysis computer adjusts the coefficients in real-

time when the manufactured material is manufactured.

14, The system of claim 8,
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.

15. A non-transitory 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;

process the final normalized values to identify regions on the web material containing
anomalies that represent potential defects in the web material; and,

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
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achieve a substantially uniform defect deteciion in a cross-web direction for the field of view

of the image capture device.

16.  The computer-readable storage medium of claim 15,

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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