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5 Field of the Invention The present invention relates to aut???%ﬁq

i nspection systens, and nore particularly to a system and devi fgp
optically inspecting continuously noving webs. 10 Background of the

| nvent i o'W AZPEAEG on systens for the anal ysis of novi ng wWRECTHERRRINN s
have proven critical to nodem manufacturing operations. Industries as
varying as netal fabrication, paper, non- wovens, and films rely on these
i nspection systens for both product certification and online process
nonitoring. Equivalent verification of product quality is nmuch nore 15
expensive if perfornmed off-line or manually after fabrication of the web
materials. Adifficult factor in the design of all such inspection

systems is the high rat evef INPEETIOSUVEITIHOD 200 IEVRESS Ng.
Conventional commercial web manufacturing operations wutilize web

di mehsi ons and web speeds requiring inspection data acquisition rates of
tens or even hundreds of maga-pj-é,xg sE Eer1 second. Furthernore, these data
rates are provided in 20 a conti order to fully scan the
noving web. They Gt fiVeRti SttebRe Ao QutdiRASd ﬁ?é&ﬁoﬁ’é?ﬁ&ﬁb,%d%&ehaw
resulted in the devel opnent of custom i nage processing ‘engines to

addr ess tpastidudardetoczosystemuandsdeyidesfor aptécally Tispecting doasinn@sppnoethgtwebishi s

di l emma by using dedicated electronic hardware to preprocess the data
stream generally utilizing multiple paths and nultiple |ayers of 25

dedjgat ed nodul es. . Such a syspg@kddundRiithénRenitit @i Ning the data rates
required for the inspection Of noving WeDS. Wever, there are
difficulties rlobpacidn systetheforébearslysis ofonetingivehmaseria$ hivest proven aitinabtoand
software required for the dedi cat r.epr ocessors. se i.nspection

yst ems dPECHih gyl ig At EHGES) FeRARD R HEPE A et aieH B e Hom
possi bl e wiehs sandi AR r%%qmsempeWs%mﬁoﬁy&h%mvsélﬁﬂ@ﬂi&pind _
inspecting netals will 30 not be able to also inspect printed packaging.

Because oimlinhipsocesssmonitoring. diquivrlenit variBigationl of produet qualidy iswaneh moso
ST 5 BRI 59552l Sl 0SBl R RS o
time, and theyA dii¢alt fadtortiahd ddsibmCorfaXinubE ifdPeciidd s§QEme $PMRdigitale éfi gh
Rt enan&:a(;,‘a a(l:ccc)]?zgs?t'ion and processing. Conventional commercial web manufacturing operations
utilize web dimensions and web speeds requiring inspection data acquisition rates of tens
or even hundreds of mega-pixels per second. Furthermore, these data rates are provided in
20 a continuous manner in order to fully scan the moving web. The noted data rates are
considered extensive and have resulted in the development of custom image processing
engines to address the large continuous data rates.
The art has responded to this dilemma by using dedicated electronic hardware to
preprocess the data stream, generally utilizing multiple paths and multiple layers of
25 dedicated modules. Such a system is capable of sustaining the data rates required for the
inspection of moving webs. However, there are difficulties related to the necessary
customization of both hardware and software required for the dedicated preprocessors.
These inspection systems are highly custom, thus limiting the range of applications
possible with a given system. For example, a system developed for inspecting metals will
30 not be able to also inspect printed packaging. Because of this customization, dedicated
electronic hardware also require high development costs in both money and time, they are
relegated to performing only simple image processing operations in real time, and they

have limited future expansion and correspondingly high maintenance costs.
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12 AUG 2005 WD 021065106 PCT/ US01/ 20997 The manufacturing indtztﬁﬁ mﬁs
recogni zed the inportance of flexibility inits operations. ﬁ J ‘
this goal often has manufacturers working to devel op systens and devices
t hat al V8Q0%064dpé d change over between various products. PRATHSOLNELR] y,
while web inspection systens have proven val uabl e and even indi spensabl e
for sone industries, 5 they have not been successful in addressing the
Rl paC?hQBxaﬁQﬁE‘&ﬁn nnddz&glhf SR 19&1 theRRpbAk &S @Al RYECESSI ng
har dwar e does not permt the ra 3 over “bet ween varloag products
t hat optopeadtian3ssAelutviag tlng godwften hmhmnnﬁwturaq warkmg to developibybtdies and

desirabl to be able to performall the reqwred roc n s| ngl e
gener al - aﬁewmag&d chapes AT behucgeyapges Pigd fﬁ% gy, fHLes
could b {

Addi oﬁW?ﬁf ﬁ?%‘%‘éﬁaﬁx R e e HFSEW&E‘* e arSERtey,
and costthap hama Mteﬂemuchessﬂﬂtm ad ta s dugthe mgtsammpace&mf dhange ithat end has
not been possible. 15 Supmary of the | nven on The present i nvention

provi desMaANKPeIERE c Speaitlized Signakprocessing dReHROtAFERIL the TaRIGINaRES a
rates.

di fficul (?% %% R&&%ﬁ{aﬁgﬁo%%gﬁggﬂfﬁgggg%ﬁlﬁrg Q@Mc%ﬁﬁéfan(%\ﬁgg %ﬁygggfr E{lﬁres Pc ally
avai | abl \eo@larte:rdﬂsrrmﬂé pobeatlo te penforim ﬁlgtmo*a@nred\@drbd:bsammdmmﬁgle (ganesa/lst em
according to the present invention, many different products can

. ns pect SePTBYSe HENEKFeShEAHGRANES OM%rézﬁt\ﬁgendﬁpgluqt hiaes etid R asefommi%sbachhy
|f| t tes a
e U L S T At
| rrag| ng me\dlevelopnkmstaqum ta@st bysociated witly cusgora hpaividrogyswéma Sofidr) thatersll y
novi ng b to provide a digital data stream The streamrepresents
sequent i T}S’(SPF‘FQ)H%SSE’IIC-the web rather than an area inage such as is used
conventional I'y in machi ne vision techniques. A single conputer is used to
analyze the digital data stream The single conputer first forns a blob
list fromthe digital data stream and uses inventive algorithnms to
idepntify defects on the conti ousl}_/ ing web. H gh 30 web speeds and
complicated patterns on the m@ﬂﬂ?—%%@ﬂ%rough t he present
invention. In particular, the present invention is well adapted to the

chal lenging 1 2 AUG 2005
The present invention provides a system capable of inspecting moving webs even

at high data rates. The discovery of new methods of analysis has brought the difficulty of
online optical inspection within the range of commercially available general-purpose

20 computing power. With an inspection system according to the present invention, many
different products can be inspected by the same hardware, needing only the loading of
product specific software which contains the information about what constitutes a defect
in that product. |

The device of the present invention includes an imaging device for sequentially

25 imaging a portion of a continuously moving web to provide a digital data stream. The
stream represents sequential portions of the web rather than an area image such as is used
conventionally in machine vision techniques. A single computer is used to analyze the
digita] data stream. The single computer first forms a blob list from the digital data stream
and uses inventive algorithms to identify defects on the continuously moving web. High

30 web speeds and complicated patterns on the web may be handled through the present

invention. In particular, the present invention is well adapted to the challenging



WO 02/ 065106 PCT/ USQ /20997 application of inspecting flexible circuits,
and data rates in excess of 10 nega- pixels/second are achi eved A%q 05
successfully processed. Alternatively, the invention includes a matpl d of

conti nuow&xﬂb({g&ecti ng a noving web. The nethod invol vespciﬁgj&pgg&q
a

sequential "portion of the web to provide a digital 5 data's
single conputer then processes the digital data streamby first formng a
blob list fromthe data stream and then analyzing the blob list to

i dent i f y agplieation afnndpectingentible wowsits; andviatagates n exOpss afrldl ihyga-t he dat a
streamrra\% Qe filﬂéered rigr o the iormatio of the blob list in order
to i nprowEX§IHEFORE gk achpev apé/gchfzssﬁblywp%g s of the present invention,
the fol | owi ng ARSHBiIWIEIhd Mvkhtich RRRIGES &teMibd &f%aﬁﬁu&ﬁy i caﬁgg_%d

"web" nmeans a sheet of material taving a fixed dinensio one-directT on
~and i ndeveh. T hreanethbd mgrtohves nmi fim g Gr sehyogruiahportion @f theomeb togerquida tai dagital neans

that_ an ijyrage is fpormed by a succession of sjngle |lines, or_argas. of the
cont nuoﬁvt%ﬁ' n‘SSW@ %C%Hfut%fﬁﬁ?%amcwﬁﬁg@ 1 9%%§ﬁar§3%mrb(¥v§lrétf OFBHESA

el enment s Qi ; datS 5iRGHE V7 r; ut er
havi ng. v T e dai P al RN By MG RS Ainu Y GRS P
speci fi ¢ coptinmfusiynmabvingtwebn Optidnallhethe dataistrgah onayebecfilidred aripr terthe or ded

list of instructions;. "Rpixel" neans a picture el enent .represented by one
or nore dPEPtQgn Qféﬂ%é@,qu%‘ @rSFrotB"HQPé%‘%st%SHEGRﬁJQ&?%&@%t of pixels in a
bi nary image; ggefe5dse ?pmg ifa TS skl | és)ﬁ)lﬁ :
"gray scale" rrea%sﬁ%"fsgz S h?ﬁ%ﬁ‘éﬂg%ﬁm ?JS 89(3)&]%‘1558& blseal\lllg}hgsre eSS%%HG
di gik al \aat defmed aSHoews:zati on" is an operation for transform ng a pixel

into a binary yalye; 25 "filter" is nmat hemati.cal transfor,mation qf an
put i mage. {0 b aiensasist pacrahfRing F FRES Gramsionyh og oS o
enhance GRAdEAShate fedhill §Sthe 8AnOEARE tir¥ctn; Ni N an i mage; and "covercoat
defect " neans an insufficient or extraneous coating on a web. 30 O her
features and ddeguentigégneans thaben appge grformedby 2 hesckssidnosi smglelBses; opuican
of the eor}?ﬁ)cd éoql%rr}%gus )rl] %{o%?r}cg’ wéb' t%a{ E)Strigatllr)]/emgpls% r:Pssingle row of sensor elements

15 (pixels);

' “single computer” means a general purpose computer having two principal
characteristics: 1) the ability to respond to a specific set of instructions; 2) the ability to
execute a prerecorded list of instructions;

“pixel” means a picture element represented by one or more digital values;

20 “blob” means a connected set of pixels in a binary image;

“defect” means an undesirable occurrence in a product;

—"

“gray scale” means pixels having a multitude of possible values eg 256 digital
values;
“binarization” is an operation for transforming a pixel into a binary value;
25 “filter” is a mathematical transformation of an input image to a desired output
image, filters are typically used to enhance contrast of a desired property within an image;
and

“covercoat defect ” means an insufficient or extraneous coating on a web.

30 Other features and advantages will be apparent from the following description of the

embodiments thereof, and from the claims.
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The above, as well as other advantages of the present invention wll

becone g,(% ilog @pparent to those skilled in the art fropgghiged/lobPW ng
detaile scription when considered in the |ight of the accompanying

drawings in which: FIG 1 is a block diagram denonstrating the nethod of
the present invention;; FIG 2 is a detailed block flow diagram of the

i mage acquisition and i mage processing elenments of the present

invention; 10 FIG 3 is an exanple of an optical lighting assenbly
utilizing reflected light; FIG 4 is an éxanple of an optical l|ighting
assenbly utilizing transmt lahts. E | exanpl e of an optical
lighting assenbly utili zi nﬁ&%@a ton the r%“%i 1 GS. 6a, 6b and 6¢c are

exanpl es of thig Melas Wil aSGMERIdvARLapad dfthe peesemtinveigiun wilPssromehen
utilizing reflected 1ight, transmtted light, and transflected |ight,

r epect ireadily, appatend taitheseskilted in the antzom thecfollpwingdetailed dgseription when
mbodi ment of a.web i ti tus.. Detail.ed Description 20 Th
o esent nogreRdn Bl dRREMAArPEPRBATE CADE HOMEB g a cont i nuous
moving  web. fda1 il aiviodk dlb rﬁtﬁﬂhﬁﬁh%cﬁﬂ&hﬂ@bf'%lﬁésehhmvﬂﬁ@@ﬁm

I nvention. A segnent of a ont 1 nuously ving web 10 i s positioned

bet ween two sSEMR@ is ardekdiled blocklBow Aiagram g thedomge scquisitiod end ¢mages i s
positioned in clgse proximty to, the continuously noving web 10. The

i tage acRferesmBsiements ebthe PEErSNLINYERINMt  al portion of the continuously

moy4s ng web 25 | 1 LeSPaast i L pfjgpor tion.
TR oA st Taheh R AR B ARt iR ARGl W ARl
anal yzes the HHb.24 isandxamiple ofcant ditical Kghting asseimblp ueitizing transmiiteed/leght;10.
The resulting_determ nation nmay then be optionally sent to r SS
control nechafIG Banfexample-Rf An me&hmgtﬁmlya@mmﬁﬁﬁﬁﬁgﬂso Vb
Materials In. rda ' t S | ' ; ,p%&Q :W?%t
nmovi ng web nagﬁ?gnéé' %?%%ﬁ@?ﬂﬁ@&"@ﬁgﬁ@%&{@@ a fodrc g eter hned
wi dt h angppeat ke alizifgl réffected light, transmitted light, and transflected light, respectively;

15 and

FIG. 7 is a schematic view of a preferred embodiment of a web inspection

apparatus.
Detailed Description
20 The present invention is a method for optically inspecting a continuous moving

web. FIG. 1 is a diagram depicting the method of the present invention. A segment of a
continuously moving web 10 is positioned between two support rolls 12, 14. An image
acquisition device 16 is positioned in close proximity to the continuously moving web 10.
The image acquisition device scans a sequential portion of the continuously moving web

25 10 to obtain data about the respective sequential portion. The data js transmitted to a
single computer 18 that collects and analyzes the data to determine the presence of defects
on the web 10. The resulting determination may then be optionally sent to a process

control mechanism 19 for execution of additional process commands.

30 : Web Materials
In accordance with the present invention, the continuously moving web may

include any sheet-like material that has a predetermined width and thickness and an

-4-



-4 12 AUG 2005 WO 02/ 065106 PCTI USO01/20997 indeterm nate |ength. 1%[&92(}% S
provided in web formthat -may be optically imged are suitable for use

with the n% i nvention. Exanples of web materials ind#&f e not
limted t"gf’%z@f’ Pg, paper, wovens, non-wovens, glass, poly ﬁuépﬁopﬁ or
conbi nations thereof. Metals may include such materials as steel or

al um num Wvens generally 5 include various fabrics. Non-wovens include

mat eri al sipdsidehlindfe 1LARA! Mdtbridl€ provRidan wab folm $hdr@didy e sPiceNy Rhageliarérs
i nclude, for exanple, clear and opaque polyneric fil'ns "including
| anmi nat essuatabilecfontsriwith thespres@méinveptéonn f Examples of web pratdsiabrnplade.ibyt heernog

suitable fo,resolution through use of the._ present i.nyention is the
nspect | OWTISFD R GtS, RAPERIOVEDS, BEBPYEHEIT, PABEEE FUAS QOCQPRUBRUIRS 5 ¢ he

I nspecti fl I ' | : [ [1oRs 1S P ' ui ted
Tor® deal eel (Rl sl O AR R ™
f1 ex§ bl e ichwieivarisgdfabries ENoepostnsigcitide aitérigis suel aspapendiier entdig of or med
on a flexible substrate. A web tzopi cally has nmultiple individual circuits
I

" each i nclingwlating matesiad. Eflms inghude; for gxpmplee gleanandepagpe Relymescddmss. The

I ndividual gcircuits are |at rated fromthe web by e.g. die 15
cutting fwfwlﬂaﬁmbﬁ%sc@éﬁ@éﬁ&?l cal applications. For many applications
suited for theQpe@FRIGT ihépeefidn SrdblenifartieiaflsAithtié fo REoluGeNHirowth wiRtefr i al s
may preferably have an applied coating. Coatings that may be optically

i maged ar thegpuésenbinyention is the inspectiom ef ppticab fitms.ndesconshiypapbingpretiphgs ar e
eneral | | ied .to an.ex ed.surface of f.he base web nmateri al.

2t es” Broblams e SpRUICRIE agiei HECR, Ha. oI o3RRS PrOreuaay Wi o o
adhési on @@ﬁﬁglvﬂ_ﬁ; ﬂl@%bh@%%{dtymo’}{rédzﬁﬁeﬁqwbm circRs lof &l flekilsle birM8t web

coatings, eleCtrically ductive or nonconductive coatings, or
conbi nat i bave repeatingfcirciiit pattoras depgsived/ obformpd o adlexibla subistatet Aawpbrti on of

the web materjal or_nmay.fully cover a surface of .the base b materi al
25 Mot hodPEALLY hep BB infivigal BEbR eaeB Rl RORe Y PR URE! PP et 1n
utilizes iti-el}??;ﬁn UiThE idpRasla Cireditd fe MO iepSratedl HGhahe REb biRGEdRl 2
sequential portion of a continuously noving b. The resulting T1nage is

pr ell@r abl gutring forded in diserettedlectsital @applicdtions. | east 10 mega- pi xel s per

second. The data stream.is,. sent, to a.single conputer, where it. js forned
into a bl ob |i <Or M4y appHgations suited for the prgsent mvention, the Wweb maerials or

combined materials may preferably have an applied coating. Coatings that may be
optically imaged are suitable for use with the present invention. The coatings are generally
applied to an exposed surface of the base web material. Examples of coatings include
20 adhesives, optical density coatings, low adhesion backside coatings, metalized coatin gs,
optically active coatings, electrically conductive or nonconductive coatings, or
combinations thereof. The coating may be applied to at least a portion of the web material

or may fully cover a surface of the base web material.

25 Method for Inspecting a Web
The method of the present invention utilizes an image acquisition device to acquire

a detailed image of a sequential portion of a continuously moving web. The resulting
image is preferably provided in a data stream of at least 10 mega-pixels per second. The
data stream is sent to a single computer where it is formed into a blob list. The single

30 computer then analyzes the blob list to determine defects. FIG. 2 illustrates the method of
the present invention. The first step 20 involves the acquisition of image data from a

surface of a continuously moving web, The data, prior to formation of a blob list in step

-5-



30 conputer then anal yzes the blob list to determ ne defects. Flﬁbdﬁ
illustrates the nethod of the present invention. The first sﬂgH\ 05
invol ves the acquisition of inmage data froma surface of a continuously
novi ng welO 6t a, prior to formation of a blob list in B¢EYSCE2099%
AUG 2005 WO 02/ 065106 PCT/ USOL/ 20997 23, may optionally be filtered 21
and binarized 22. The blob list, upon formation, is then processed in
step 24 wher giaf optienaARbe/Sitére@ Q¢ bidbinarizedexd. i The 16b tiet, Spem férhation, is then
continuously noving web. The output fromstep 24 is optionally sent_to
one or noPEOEssedta stepl4owhergin the apalys eecusnia dentifydefegteon therghtineishs e

26, an. OPSLALSL wflhoRhaYudlh s AcBOARENCAARITL bFL oPhiord ARG folloing:

Acqui si ti I'mage acqui sitiontis acconp rou e use o
convent i ORghappiRGME25 daVireEivild@dtatake 26, apadpetatof disglaginBgorea preaesnt i al
portion of the nmoving web and providing 10 output in the formof a

di gi al d&patrederddm For purposes of the invention, the imging device
may include a canera that directly provides a digital data stream or an
analog canera with an additional analog to digital converter.

Furt hernore, other sensors, such aanmgemcgmgnmhe, | aser scanners nmay be
utilized as the imaging device. A sequential portion of the web

i ndi cat es t hat Thedmageacquisiziogus pecomip)ishedstheaigbshenseod! eonmeptionial eaging
Single lings. 15 .¢c rise.an.area of the continuo novi ng web. t hat..
opt Pcal | y RisEE R MR cBtuB s A eEbe L eslEn R PRl oy il St b b ling
devijges slguk |i1@tlfe%rrﬁ(bfﬂldld’é%i&9 datiestieBRd Fok PaIPsISs of th @feafios S IMsISgICh
as Model #L.DZ1 from Perkin Elner (Sunnyval e, lifornia), Piranha Models
f r om Dal saleyisgtreay weludoatcariesa thahAmeraly, providedealdigitalrdata straan pr granalog

Thonmpson- CSE _( Tot.awa, w_Jers . Addi.tional exanples include |aser
scanners FRBrH AP PARE T ACHEINE o AU R ers FETRR R er el PRy Shep s
conj unct i Gbr ¥kdnipla a3t AhetsOmay bg utiBredRNNE (h&fing dBEcd. MBGeqiERYiaDFortion of
optionally acquired throu%g the utilization of optic assenblies that

t

assi st i n theweprindicatenihat thefdatais acqwpirs byrhencgessiamof ssegledipeh SiBREHEES par t

ot 1150 cPRipeRE aead S BLSub RHE WER TR Bpubhly S REFBRElc g or
during theehs@ldgeny Ocssls. Ratinptdsed delighd suiblesfot hapligng tie ifnBge include

detection of defects caused by web surface deformations such as surface
linescan cameras such as Model#L.D21 from Perkin Elmer (Sunnyvale, California),

Piranha Models from Dalsa (Waterloo, Ontario, Canada), or Model #TH78H15 from

Thompson-CSF (Totawa, New Jersey). Additional examples include laser scanners from

20 Surface Inspection Systems GmbH (Munich, Germany) in conjunction with an analog to
digital converter.

The image may be optionally acquired through the utilization of optic assemblies
that assist in the procurement of the image. The assemblies may be either part of a
camera, or may be separate from the camera. Optic assemblies utilize reflected light,

25 transmitted light, or transflected light during the imaging process. Reflected light is
suitable for the detection of defects caused by web surface deformations such as surface
scratches. FIG. 3 illustrates the use of reflected light for image acquisition on a
continuously moving web 30. A web 30 traveling on an idler roll 32 passes over a image
acquisition device 34. Fiber optic lights 35, 36 direct light through cylindrical focussing

30 lenses 37, 38 at a focal point 39 common with the that of the image acquisition device 34,
Conventional fiber optic lights and focussing lenses are suitable for use in the present

invention.



scratches. FIG 3 illustrates the use of reflected light for inage
acquisition on a continuously noving web 30. A web 30 traveli E%(U r’i@n
idler roll 32 passes over a inmage acquisition device 34. Fi bé 8 )
lights 35, 36 direct light through cylindrical focussing 30 |enses 37, 38
at a fogelozpesras 39 cormon with the that of the inage aCQ@irﬁjsbi/%gﬁEVi ce
34. Conventional fiber optic lights and focussing | enses are suitable
for use in the present invention. 1 2 AUG 2005 WD 02/ 065106 PCT/ USO |
/20997 Transm tjed |. i'gﬁ I s us(ﬁg)for t he_det ection of defects that

di sturb normal LTERSTAL 157uSe 01| theyigtegtion Qfdﬁéfé%%@aﬁ HEGTRPOTIE veb,
such as g td o ed
R e R R I R H E e

glj?ss i d: lexptmzil denléhzy mnhtmnsnmmsqmiimsngil?eb déplcts[thz&#ﬂlﬂgm?hl’bftl?ﬁalgitﬁﬂﬁtght
| er ro n operat.l on IS ransm e rom e I per I C
light 43 ttia%‘aéﬁ &lﬁélngra@ 42pingra C%SPorkﬂzn&wsbﬁﬁrt@uglhn& ore theeghass adlerrye

I ma ac SI I | t

{r anom ¢ e 1 speraih 16 SArkdniiel kORGP SBANfic I 4b PiShaRIE AL i

refl ect edrbll gﬂtandmhirotlglatimrwet‘ttc&li Theimhagetabqiisition esice gr&f positsheliabove the
detecting hybrid defects such .as covercoat continuity on flexible . 10
circuit wdg<dl age ohibgispasmytted Hghtst i ected lighting is depicted in FIG 5.

A web 50 is cony, ﬁﬂae@ﬁquhﬁlng 1@??‘,0&1 { ?ﬁor{ 8t botR ¢ ﬂ&i%ﬁ%@%ggﬁ%&%? hgéﬁ

56 direct |ight through ndr | ocu55|ng enses

poi nt 59 ¢hatipmost pﬂefetrfed fbhd&teafnotﬁyenﬂrmgﬁts sweh db 8o vereuat deminméty v fldxitgat
is also transpitted fromthe fiber _optic |ight 53 through the | ass

i dil d0 r ol [CIISYIt J¥ppst HABGFRTPlFeOS msfé@tedﬂ@tw&ﬂemeﬁeﬁtm F¥p. 3-n8 webafsisi t t ed
light 15 ' sour ces
50 56, | ROLvRedtiels pihst REcr 8032, Pbopht Ahis 33, SEhER R Ll
circuits, cglihdti¢el decusghg tealses ﬁbﬁﬂlagatfedail pamt fRyoinenontwith dedhatfaf @& infige 6b

and 6¢ dermnstrate t he potential uses of the lighting c nfl uratiqn
when appl i3aUsEioR depiggd g light 1S #lse Hpppmittedframmithe Bber qpgist lglhég%ggﬂuo

the detecthaq ;@kr fef %&ﬁibr | d%ﬂ%é WEYs8! §he ggcfaE b%lg}/:\ﬁg thi A Afinsd Bt at e

hol es t hat™ appear t spots on a roun t caR al so be
used5f or cbeﬁmndlesomtlmﬂleéb@dpmm&iom dmmeﬂeundlj/g}debmtﬁitﬁ@h as shorts and

CFanari (tod |1 Pt PRICEER AFRGALRETERek D apation oL Araihls Sty HhiEres SABL a
(S::J[)(S:'tj:‘ ;t g'dgﬁﬁ@&émﬁﬁs Ra¢ b ALEQ duES. 88, éboéfﬁr&%&ncﬁétrétﬁﬁﬁé‘ﬁot@ﬁﬁdi uddstdi thére
lighting configurations when applied to a flexible circuit web. Transmitted light is used
for the detection of defects on the flexible circuit web such as substrate holes that appear
20 as bright spots on a dark background. It can also be used for detection of electrical
continuity defects such as shorts and opens. FIG. 6a illustrates how such defects may be
detected utilizing transmitted light. According to FIG. 6a with transmitted light, the metal
circuit elements 62 and non-conducting covercoat 64 appear dark with the substrate 60
appearing light. This has the advantage that the widest representation of the circuit trace is
25 imaged such that edge sloping due to the circuit etching process causes no difficulties.
Reflected light, as shown in FIG. 6b, can be used for circuitization defects if desired, but is
required for the detection of surface finish defects, such as stains on the bonding pads, that
may cause failures in later processing steps. In these cases, the metal circuit elements 62
and the non-conducting covercoat 64 appear bright with defects obscuring the light.
30 Transflected light, or a combination of both reflected and transmitted lighting, provides a

substantially different analysis for the detection of circuit coating such as solder dams of

dielectric covercoats that span both metal and substrate features. In these cases, sole use
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appearing light. This has the advantage that the w dest represér&&lﬂﬁm of
the circuit trace is 25 imaged such that edge sloping due to the circuit
et chi ng wh aE@Ss0ecauses no difficulties. Reflected |ight, pas/ushomyy? n
FIG 6b, can be used for circuitization defects if desired, but is
required for the detection of surface finish defects, such as stains on

t he bondi ng pads, that mnmay cause failures [n |ater processin teps. In
these c&feithermiested ar transnztied lightdsEpdsquate 5§ thﬁé‘ﬁ@%ﬁﬁm@‘ﬁ%ﬂﬁ

covercoat 64.a r _bri,gh ] b | 14 : ohti
Transt | EreRuy Sipe it oinplicilo P SRk ag 3R Ky Bifld Gfsfec Hightin

li ghti ngpe BSARINIRS bR easiliDSb @RI Bell Yroth bo@rtae metdl ahy Sulsstians featueesd GHIGC 6eon
of circuit coatgi ng such "as solder dams of dielectric covercoats_ that
span botdemomstaite seicanebptt of dtansflenied Mgy in whighelsmentthas ajpimagg defferontauc
2005 WO 02/8}221 PCT/ USO / 2(1997 of either reflected or transmtted

li ght i <ham ﬁ&gﬁ@" ause of the drastically different properties of
the netal conpared to the substrate. However, by using transflected
lighting, the coating can be easily distinguished fromboth the netal
and substrate features. FI Biltehing, Banmiestiorated Blebbimncept of transflected
light in which elenent 62 has an imge different 5 than that of el.enent

64. FilteringThedigial dasa steram g g e the imRedng deVigaioig PressIng

transmtted fromthe.impain Vi . c QC: ' r.

| nspect i PRI %@egu%"% %Ignaadﬁ&&# %’gmtglgdp‘f’gggﬁ%ﬁ‘%@%é% tﬂe %Igst ais 10
COYl | NUQYHRtinASus; 88 bn2s tREwWE s meviiiRydtgis flewingits tlid sysieng Thug, tre system
Thus, the processing conputer nust have the capability of sustaining the
r equi r edproressimgsiomputestnaast hpyribeicapability of pHEtaiRiRg b reAuiredprpsessipgFates

I nvention,is.. e_o | ng data. r [ 1.C | Ving webs
or of or Py FHO abpt et d gt Bt eyl di¥apiedtHab ity Sant gtk

pr ef er abioniahoudly afdvitRowet preferdtif ERAtalYut 30 edgarpixelserumidng geatdrmd
specific 15 application requirenments. In one preferred enbodi nment

r el at i ngmpst preferdbily Abouti30megacpinels/sceond angicateredependingapothe sPeGtiC ¢ he web
widih is 50.inches,.and the imging resolution is 20 m|ls/pixel. The

r eqi r e ARRICRUPTHEGUHEE™ Sy oughput i s approxi mately 15

mega- pi xel s/ Sﬁ?&ftd%refé?reﬁ enoRditlent@BRAAE (B8 inffoinafind Siﬁthi_cdtﬁhé Bieb speadaiyi t
I nspection, the web speed Is 25 mmi second, the web 20 wdth is 70 nm and

the i mag60@furemothetwaimwidth 05(imchesy end thtimagingursalutionist2f) mbe/pizgl alhe
hr OUNPR ea SitAned B ThrdngtpuY i ‘spproliiatelf 15 Seda Tt econd. In a second

embodiment related to flexible circuit inspection, the web speed is 25 mm/second, the web

20 width is 70 mm, and the imaging resolution is 10 pm/pixel. The required sustained data
throughput is then approximately 17.5 mega-pixels/second.

The digital data stream is sent to a single computer for analysis. In accordance
with the present invention, a single computer, as previously noted, is a general purpose
computer having two principal characteristics: 1) the ability to respond to a specific set of

25 instructions; 2) the ability to execute a prerecorded list of instructions. For purposes of the
invention, all general purpose computers having memory components, mass storage
components, a central processing unit, and optionally input and output devices are suitable
for use with the present invention. The present invention specifically excludes such
devices as digital signal processors and other limited computer processing boards designed

30 explicitly for high speed execution of mathematical operations. Most preferably, “single

computer” includes single mother board, general purpose microcomputers.




The digital data streamis sent to a single conputer for anal yk?-éus ?W5
accor dangep onésied he present invention, a single conputer,pE@yUpEIRR0pIIUS] Y
noted, is a general purpose conputer having two principal
characteristics: 1) the ability to respond to a specific set of 25
I nstructions; 2) .the ability to execute a_ prerecorded I_i%t of
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i nstructions. PptioRaklyppreistodprmation of theblob dist, ity be deviry
conput er j . r S e . nt r al
o ocessi ABCHinE g Rl SRR SR e TS Coptiall AaesHENBARER) hiuth BT
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excl udes such devices as digital signal processors and other limted
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L I e L Ryt
WO 02/ OGM@ﬂMr %ﬁ@%@g@@.ﬁ (Rl Y ThfdrBiatibh ah@ 6P B8 nbled iR rAre D

list, it may esira Ilter the 1ncomng digital data streamto
enhance tdomvestidnaly recofgnized byithase skilleg é the ard. tThithe presentiineapéion Rhe
exanple, filters are offen utilized to reduce noise or incregse th

cont r ast Ri‘F?mF‘éﬁthrtlb%SF fgm?ﬁismmwmﬁcﬁeﬁ@ﬁélby_rﬁp¢QW§rwa rg RElide
Coh oAt Sy DS S ke OROASRE s Gy BT 2

enhancenen ers, ers, nolrse reductl ers,
or penbi natereyps t hereof . The formation and use of the noted filters are
conventional ly recogni zed by those skilled in the art. In the present

i nvention, theA sgparabletBies msty alsececutilized & eoniwertipmppitin e presenHEVeRtATned

oper ati ortsR M reaBe PRk t Rerkiany SRF ol BhioRdh TivbiB o o e biFRE
filter maaraédoutln appioximdd b ekiting GiveRTtabhd dithénsirabfiNér dnd\etivrizontal

Filters in inmage processing are generaL{lﬁ; t wo- di nensi onal . However, nost
of t hem cene-dimensignali fdter dmpraper exsier. Fhuptbe gorpputasienal wosidhag beest reducad

oralt TrasR Ol st 38 sharmble, & PetiBY RBRT TR RURRR e isRpieh o, P
0(2n) . Foinifsaity résuléing/ b 6 hoh-uhifimityofe dptieal fRAD YR idheors! Thsh, web

non- uniformty’resulting fromthe non-uni form.t%/ of the optical field
and sensdncmzoutaéamoathmg)ﬁ%tqram)abe vseddo riduge the high- freguepey rapdamnpisteduce

the high- f d i Anat h X ted.| i
Comont or pr | o ARgEREREREMI R he SAgl AOapBleT BARE BT et of 96 bl ©
Bi nar i zat jnQB1ves bindGizAtcd) BidkfiBhiod s Me 1falB@ERatdl Bf Rhages svithaixdlghving a

20 multitude of values such as color or grey scale images into binary images.

One form of binarization is fixed binarizing. Fixed binarizing is based 611 a single
level throughout the image. For example, when binarizing at a value 128, all pixels with
values greater than 128 are transformed to the value "1" (white) while those less than or
equal to 128 are transformed to "0" black. The image may then be blobbed according to

25 the blobbing procedures of the present invention.

Another form of binarization is adaptive binarizing. Adaptive binarizing is based
on dynamic analysis of the image. The threshold value for each pixel is determined
through the analysis of other pixels in the image such that different pixels will have
different threshold values. This compensates for low contrast or intensity varying images.

30 There are a variety of methods for performing this operation. For example, the threshold
value for a pixel could be calculated by averaging the 20 closest neighbor pixels. If the

image were twice as bright on the left as the right, a fixed threshold value for binarization
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20 nul titude of values such as color or grey scale images into binary
I mges. One formof binarization is fixed binarizing. Fixed \t,)w[l]ggArl zzbdgg S
based on a single |evel throughout the i mge. For exanple, UG

bi nari zivpg ¢dbeaoyal ue 128, all pixels with values greatepchanidadsrare
transforned to the value "1" (white) while those |l ess than or equal to
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to 25 the bl obbi ng .procedures of hg present_ invention, Another form of
bi nar i zat’PBl{ GrEse gy CHRt ‘EﬁrﬁﬁP?SzlinﬁB‘? AN RFEPFIHET GEPEREGRE SN EBERHC on
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det erm n‘gﬁé‘ltﬁ‘?@&gh% e‘}aen’a ysnl l;sgﬂg%é%g) ﬁi&r‘ﬁbﬁ&%ﬁisoﬂr %ﬁ(ﬁ% ngggms&ﬁé:eh t hat
di f f er enéquallx dectable orhihedeft didkfag banhe fi fiite Sthdd appradchds ablEhé somperpetesfat es
for low contrast or intensity varying imges. 30 There are a variety of
met hods ¥egsonsblerhaekgroynd ptenyiyer3aiations: For exanple, the threshold val ue

forsa pixel cayl tlﬂe ?ef‘éﬁls&@h@%ﬁﬂné?ﬁ’ﬁr Inggﬂ'tt&gﬁa pﬁgaféggfﬁﬁg,stghﬁ@ﬂe Phsed

pi Xels. If the ge were tw ce a t as e right,
fixed thfeedhrdatied iseohovenibntivcormpitednsing lccalzalimteO1p anAl3iO 2VRHHAE) 6
PCT/ US01/ 20997 woul d. cause_si g};ﬂ;f lcant variations in the detection

pr obabi | Withingep@gkhashoesh Whenaheweb ispepatiemedoreh. iapd pastisiarkyr whepfisxibligi ng
dapt i ve_..bi par izal | . | : th
Pert o qeiRPRbEt Ypedeh f RuritBatolbUY faifye B BIcldin BHEELAR; 0 on the

r easonabbmatizil of censixelotig bl daya stedairphidsdeen foundads préferrpd er1ds irddlves

enbodi mrent with unpatterned polyneric filnms, the threshold used.  for

bi K@r i zaidestiing ¥drst APe sequpnEYRoT IOt e Fitgbihav g spbstantialbHEe eRtingFaBsgesi s
averagin PR i t b . nd
part cul o il plh e BuRORRRChr PSRy T EOWI B R RpRHRE e
mode of eslapiht wemahy difffireni vignad feamires as pdreibldisransidersd tief oftheurpickeics. i n
the data_stream has been found as preferred. This _involves 10 identifying

at | east PeHEulsepeiet [aken 961hG iR Yreamher s BOHHDS Hythatibat adrntiaying therpixel
entire Tonges cd?afesﬁ&ﬁdiﬁ@':o H{c%‘ﬁﬁgthﬁasanﬁf}ﬁi%ﬁﬁ&%& &Egg;‘%g%e? DEILER defifléy : I ne

within the repeatfng pattern t contal ns as ferent visua
f edbur esbamded dyithd b west ealns atheng thd pirelopluesudentified @ae locaPayakintudralr thaot e
is taken of the data streameﬁorres onding to that |i i dentjfying the

pi xel  vBIEheY vaBemaone e ikl yalupt Kientin lOSHlan piR e thERsBRIdIRTYSi R e
?’S'eﬁff . : Eﬂ‘é’?‘éﬁeﬁ?@%ﬁlﬁ i ggég% ctlihg?o S MEpryphiHe rABDRY rlelfbiPLikGlits VAl ues
calculated threshold value equal to [lower bound + 0.75 x (upper bound — lower bound)]
has yielded good results. At least a portion of the digital data stream, conveniently the
20 portion until the next time the identified line appears in the repeating pattern, is binarized
using the calculated threshold value.
Depending on the defects to be analyzed, it may be desirable to use multiple
threshold values for binarization with each value for a specific defect typé. For example,
in a preferred embodiment for the inspection of flexible circuits using transmitted lighting,
25 the metalized features appear dark in reference to the substrate. By using a higher
threshold value for detection of shorts and a lower threshold value for the detection of
opens, one can significantly increase detection probability.
In accordance with the present invention, the single computer executes at least both
the formation of a blob list and the analysis of the blob list to determine defects on the
30 continuously moving web. A blob is a connected set of pixels in a binary image. A

connected set of pixels generally indicates that the pixels are either 4-connected (four

neighbors: above, right, below, left) or 8-connected (eight neighbors: above, upper right
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hi ghest val ue anong the pixel values identified as |ocal mnim. Then a
threshold value is <calculated wthin the range according to SOTTPAU? 2005

appropr\{,@f) O&%Ge; for flexible circuits, a calculated tﬁg{ﬁ%ﬁ)ﬂwya ue

equal to ower bound + 0.75 x (upper bound - |ower boun as’yi el ded
good results. At least a portion of the digital data stream conveniently
the 20 portion until the next tine the identified |ine appears in the

f epeat i ng Piagemalrightslopiensightzdiggonak ibakpvt, hewerde it diagoeal, leffiy, eppaslleft diagomal).

Dependi ng the defects.to beianal yzed, it. may .be.desirable to e
mi tipl o CPRR RIS R FdL treo U BR e Foier diirih § Ho@H(ER WWUEL pEnigd to the
speci fi ¢ dbloBBingtiydhanicel wikK 8 fereround Ralae Bh& t&ieetlof siReieMERd fdr8grolme

i nspection of ffexible circuits usi ng transmtted lighting, 25 the

met al i zed Y¥ue tapessenispeay aluapkthe pixeds efrinigrest inothe hmage, Iy value is Bithersherg a

hi gher thyeshol d.val ue f.or tection of shorts, and t hreshol d
‘val ue%}c or W&ryd‘&nég’f]frb y%?allyg@e%il}e %‘R%‘?éﬁ??“@l“&hi‘?ﬁ”&%}ﬁf #W‘&‘? %Oé’é‘gglon
detection gihepahs spdcified R entEOfodABG etk By L3Rt QIRSERYE réspr@itelyon, the

. single conputer executes at |east both the formation of a blob |ist and

t he anal ysi s of Regardlsiseof the dloh eongdectionrschemel béing msed thet presedoe ebabiohususl y
novi ng web, A .blqb ..s.a connected se f pixels in.a binary,imge. A
connect eddxpeiged St <ERERED Y pRely Antd SrdenBuoRt Rerne FRUE  her

4- connect egtabhi&i)the digitGaed SreadPOtRspdidi} to th& s@gﬁleﬂtﬁf ortieh dSscriBBsIRER G,
(ei ght neighbors: above, upper right WO 02/06.5106 12AUG2005

PCT/ U801/ 2e¥ daghaiy sprsespondigtto thegposition ghtossl ikegwetalFor badhdine, ¢@dleetionsedft

di agonal, left, u r.Jeft, di,agonal A.blob.list is for in.the

ol Powt ng RErrsPtRRRE e abn BIRERBEk rortyl FostiRlan dutmbit Gns® s oo ng
mechani sm Wgh’ﬂan?s dreefinciindhe Xl d@@ﬂ%@ﬂﬁ?ﬁ?ﬁe@&n&%@%&e tbhesdi ey, ap4 pued
val ue represents the value of the pixels of interest in the image. This

val ue is ebY hee fashiongifiihosgmixals areeapmeciogindhg Vydomainr Th & demadn gorrasRORASm
typi cal | . ' ' ified. i ther f
(Lot A GRS BencS PP e SRS LR B B gy Qe

connget i onrepedyented Reargllettidd of itforpatRmaReRinddg & the ebghent st agigatlgd Wi th
t he connection _of pixels. As_each sequential portion of the web is
scanned, t ifendfigs it @ thedmaget Repipicabing a SpErRent Al tarmstof startingqrasiiondnr thsoXt i on

desct bes BER Byl i it KD RSEOR USRI OB SEPBTHIAT
ot her in t benvénidatei n are defined as segnents. Once these
Through the compilation and use of this information, the blobbing process can be
20 reduced to a formation of X segments for each line and a resolution of the connections of
the X segments from line to line. For computational efficiency, the present in.vention
preferably completes both the formation of a list of X segments and conversion of the list
into a blob list in a single iteration. The present invention’s single iteration algorithm only
requires saving a list of the X segments from the previous line as a comparison list. The
25 existence of connections between the list of segments in the current row and the segments
in the comparison list is resolved line by line accumulating the information that will define
blobs.
The process starts at the first line in the Y domain and iterates over each
subsequent line. A running count of open segments for each blob is maintained throughou
30 the process. This serves to automatically account for the addition of new blobs, the

closing of completed blobs, and the merging of separate blobs into a single blob such as at

the base of a letter “V”. The invention determines the first segment in the current line as
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segnents are defined in the X domain for a line, it becones possible to
resolve, in aline by line fashion, if those pixels are connecthjAUﬁﬁ&Ohe
Y domain. The Y domain corresponds to the direction of web ment .
conput aY@AHP EY¥nveni ence, a segment can be 15 represent eﬁcg@sﬁl/m)”
collection of information pertaining to the segnent that uniquely
identifies it in the imge. Representing a segnent in terns of starting
posi t i ornrefeferica@ foém eednigonEX pesitiandif then X spahdat’s Bnd pystivon igleshthathe
domai n, has proven particularly convenient. Through the co |Iat|on and
use of tHAEPPSIRCH ﬁfafthFGH”e’PtrﬁégE‘PB‘b‘Bﬁh"gCWB%fé?él 1@5@%@@@ bethetfysty
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pr esent thamﬂdatt isﬂﬁcren‘[eﬂfddl;axkﬂ&le(segmélﬁtleassﬁgﬂeﬁ atslnhe fist sepment infhigblobsk of X
se ments_and_conversion of the list _into a.blgb |ist in a Slﬁqrgle”

at i dhe endhel thesoEREPINGNEFeEmENKIDdhG gpBPatisOndist riest than therstarbpesjtion

23?&1;{ oA et st b B eSS R AT LR X e bR

segnent stht borperisuarlisethe bpsn sepchehhiistde demamsntet feridike comparidondeginsst i s
resolved line by line accumul ating the information that will defint
bl obs. TaIprideweersif aeitherof these cases 4t satished.ithe eweeny segsnentnd e i t er at es

D1 ob 1o TR A et Bt CobARLIAN RN o P BRRR LR AR L BRPT 1

actount T setghe:namhdﬁe@tb dﬁvett@nmgatblobsncdrhpassmgaﬁe sgneht fompiheicethpatisdis,
and the per of separate blobs into . a single blob such as at the base.

of a |eth¥r gfmultlp%@lrrerm?ﬁm%s plearkap @ Sigle segIngnt from Q@gmmﬁw liffethen ]
0
current eﬂh n?ﬁreaﬁideé%% %}gictulﬁlgﬁ (?éﬁ@ﬁ)lp}?glg% A6 tﬁgyl %lg %ﬁt ot ToJeRhgd ence

fromth ni mum X segmént’ s nis less
t han t hemuBipde Segmmitst, INg tiromd t}tekmnqmris@nhstsmgnmnnergmcdnhhumamam gtm |ist,

t he segne t.he st n a new, bl ob. At thIS poi nt.
new bl ob‘nag’l q? %Hn"ﬂ’l@séﬁ%‘ﬁseé‘gegﬁ&’rﬁﬁ SET$tOF (BF COMRATSE 1ih apescom ined’
| Ngs emeniygd, ﬂ@ﬂ: 5’[(9;%1&@%@@) n sSgrAdH 119N8 efend etﬂ?edfﬁaf K. %g‘[%nff théte ihS

blob. If 5 t e en orrespondi ng segnent t he arison list is
| ess t hasegnieet Bt the cupesti linemontighoushetica sermntsxeglmmtnpanbm by thes plometieng
segnment in the con‘? i son | i I S .renpve om t he %gl%ari son list, the

o et ¢ S BEAds 2 Peecd or Bl SRR i 2 TSR L

Since the physical web has indeterminate length, the blobbing process may
continue indefinitely. However, individual blobs are deemed complete when their open

20 segment count is zero, at which point they are available for further analysis.

Web Synchronization

The web inspection system of the present invention is generally synchronized to
the continuously moving web in order to retain spatial registration. The present invention
25 preferably utilizes an analysis coordinate system that corresponds to a physical web
position registered to the video data and analysis stream. With conventional optical
inspection systems this is usually accomplished using a rotary encoder physically attached
to the web line. Rotary encoders may include, for example, model #RODS523 from
Heidenhain, Traunreut, Germany. As the web moves, the encoder outputs a succession of
30 digital signals at regular distance intervals. Often, each pulse from the encoder is used to

trigger the camera to image another line across the web.
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agai n. However, if neither of these cases is satisfied, the curf@myt 2005
segnent and the correspondi ng segnent in the conparison |ist nust

over|l ap ¥UOeSWart of the sanme bl ob. 10 The segnent is a®€3dNy20997
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zero, at tdpredenpfivehtidh st eddacey e ldatlsetstoa Hindry hesulta0gby hieh aféduate

Synchroni zati on The web inspection systemof the present invention is
gener al | preppsiéng sneedeepn be achigvedont i nuously noving web in order to retain

spatial regis i,on. The .present invent.ipn. 25 preferably utilizes an
analyai s coor oV HaHE s tpRaimaftiet PLER KB e PR, B oo sdbrs EFRel
regiost er @@uéd@ssibe of indeAdeia cac@in fardtBhtSilSlatel be@Rtisl add AcRMaN o e

opti cal !ns,Fection systens this is usually acconplished using a rotary

encoder BG4 elameptsaluiigananuizetening, Wese pifemarde rignied spaéaly ondhe web
i ncl ude, ; , I 4 ' u rmny.
ne "t he wib nf SRR ROl SRERE ol FlTLg [ONGRIUR, sb Rl R R Y

at regul antigivedtganeidtatwervealpsrts fotdted ] 3Caeie3Uran theipnRdrée neighbsler i s used
to trigger the canmera to i mage another |ine_across the web. 12AUXR005 WO
02/ 065105109V Les1 Pr0sarstant in tBisqrecsss Wdaai spatial \wsiepation 8f theysieRitoWilki ng

fleps bl e g ' b ot ' f Wafok ' of a
subet of NG S0RoW 2 e ahd EBE Rt SEh e @iy REBUNONC ThE BESR. o

way to détentiomenighelylid&eifees andtegmeatddit@etegtarts oegandieksosf the ntmmberareat e a
correl ati on cqef fg

%igent t hat rg\esc%i bes n rically the relationshi
bet ween CRG™810RPHISPRES aIOBHBE JHFOARISO 4 ORARS! 198 copRIngerR & ng
this cor riﬁdo%ih%icfé?%fréé 'v@ﬁ%no ﬁ&%fci‘{eﬁnaﬂﬁé}ﬁ%{a éryeﬁgé}ﬂﬂ‘é&ﬂ&ﬂr&ﬂ%ddﬁ

expensi ve and not feasi bl or use in rea weve
mechanisms.
20 The preferred binary correlation operates by first acquiring a predefined correlation

image. This may be loaded from a file, or other data storage mechanism. Next, the
predefined correlation image is binarized with a predefined threshold. Once the correlation
image has been binarized, an additional under sampled image having reduced resolution is
created from the original binarized correlation image. The under sampled image is used to

25 speed the correlation process. The original image can be under sampled to any degree.
However, powers of two are preferred for ease of computations. After the locating image
has been binarized.and under sampled it is stored in RAM for repeated use in correlation.

At this point, an arbitrary image can be presented to the location mechanism for

correlation. Every arbitrary image is presented with a binarization threshold, a search

30 acceptance variable, and a search certainty variable. The search acceptance variable is
used as a measurement of the minimum acceptable correlation that will be considered a

match. The search certainty variable is used for speed purposes and tells the location
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the present invention first reduced the data sets to a binary result,
upon whi ch adequate processing speeds can be achieved. Wth th .
preferred enbodi nent of flexible circuit webs, the web generall 3 }:AU\Q s

10 a suggession of individual circuit parts that will |ater j,sed
and atté&ﬁé’g}ogﬁogcti ve circuit elenents. During manufact E)?Fﬂgs,"??@éZe

parts may be oriented spatially on the web in many different forns
including but not limted to NxM arrays, single parts that span the
entire welschaunan that éreso\stap searching iotraedately86 itdoyls esortlationtgnsiter thamerest
nei ghbor , Y&ma%ver, the one constant in this process is that spati al
orientat Bl B the circuits will 15 al ways follow a clear and

det erm ni sti CRpRIré BIdAtibA chiBedR Ve ) liBabE By alddSeifSSRH anli RGNt i ON
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pr ef er r egedd}ipad. YTROhingl 84t vaRREKRH 9t BY tHe! saftfe 28 GHN AT Slipplitd /4@ fthaed

correlation inmage. This nmay be |oaded froma file, or other data storage
mechani shncatiigximageh®hisplledsfondnges indighting and sergeivity dfithaadgnésition t h a
predefined .threshold. Once the correlation inmage has been binarized, an
addi ti on8fV'tfhder sanpl ed i nage having reduced resolution is created from

the original @n@é‘iﬂezﬁr@gﬁﬁforr?%fri RAk ﬂ)éé_lﬁ_%gmgﬂié‘d,q&iﬁbn A BbRheh&BgGe! S USed

to 25 speed the correlation” process. riginal inmage can be under
sanfl ed  tozatory categjatben ambionte tea pixebbye pixebfubtractiar betpeeaf thereigifa patase of
conput ati ons. After t |.ocat i i mge s beep binarji.zed and under
campl ed PR f 53R of foRSAcT BIDrarnaiegs ECOTR LG COrGFIhE SeIpieg

poi nt, apyahRhlin@ihe reSROSH hidBueacBbRSE MRt dr9ef @nkG@ilsiahe/RigRAQI SM f or
correlation. Every arbitrary imge is presented with a binarization

t hr eshol gercantseestaphy oBMatahe wherrrcreswibol e x heightax isaryomaxismmali (nt y

vari abl e, Th ear accept ance vari abl.e is used as a neasurenent of the
m ni mum Q’@é‘@glty;b reg;%p)rlicgfegflﬁﬁﬁo b &Aa:“r be considered a match. The
segsch certai Mh¥ c¥aelatibh & dsneUs8lod M uHRECAPIEPRSRSs Aitlla beldrdl 1b&ion

| ocation -13 1 2 AUG 2005 WD 02/ 065106 PCT/ USQ /20997 mechani smthat it

can st opas@egrehntipfithivdenationlis/deterniiped. Sirps the rasulteokthe onderseapéad t han or
equal to cgrtrélation inherently yield a location of plus or minus n — 1 pixels (where n is amount of
the under sample), a second correlation is done on the original images in order to further
restrict the location of the under sampled correlation to an even greater degree. Finally,
20 when this process is complete, the exact location of the match, if any, is communicated to
the interested party and the location mechanism is ready to continue correlation on other
arbitrary images.
With an adequate location mechanism in place, the invention can proceed with the
process of locating and extracting parts solely from the digital data stream. To achieve this
25 end, the invention uses several predefined digital images as correlating patterns. These
digital images, or locators, include a method to determine the location of the web in the X
and Y domain of the digital data stream as well as a method to determine the exact
location of each discrete part within the coordinate system of the web. Furthermore,
locators may be used to locate distinct regions of interest within the coordinate system of
30 the part itself.
The first step in this process is to identify the exact position of the web in the

digital data stream. The exact position is determined using a binary correlation of a
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mechani smis ready.to continue correlation on other arbitrary inmges.
Wth an ddetprate | ocation mechanismin place, the invention can proceed

ith th f locati d.extracti t lely f t he .
digital data SR PPPORE R BE AP TR odselomthe WeRTestaraRe REtLTnEt a)
predef i nqg JdighieabcdtioRARSChaRi AL RE@IHAAbO ¢ 2Bievd R8SSededl dcBhrabyROES,

or locators, include a method to determne the [ocation of the web in the
X and Y fudimg al partstdnethdivgbt dfurtiiermaoret it standsle roasion, that if agiscirselparbcan be

detgrm ne _t he, exact, ..l tion.of each .discrete part, within the.coordi nate
aysfem oforae SRaSaefREY. 80 ot PRERuE BEeh ol Mkucl'd 8 el TR ney
regi ons qfij ddaitRmebprovédsiigtahe done withbat iesfexsic Thodriginél drit@tapan bnd &6l f .
The first step in this process is to identify the exact position of the

web in tWéebIQP@}_iqnal data stream The exact position is determ ned using a
binary correl afﬂeoﬁ}ogéss%g]pigelﬁg%iﬁ%ngerably operate on individual parts. Therefore, all

the detection algorithms work identically, regardless of web patterns, number of parts

20 across the web, etc. If a product changes, the operator need only select the new product
from a menu. If an upset such as a splice occurs, it will detect the upset and resynchronize
itself automatically because it bases all its object recognition on only the video stream.
Also, because a predefined part locator is used this method automatically and continually
corrects for crossweb wander and other effects inherent to web processes.

25

Defect Analysis

Web inspection applications can generally be divided into two distinct classes,
patterned (such as labels, currency, and flexible circuits) and unpatterned (such as films
and nonwovens). This invention is capable of successfully performing either type of

30 . application without any inspection hardware change. By changing software to perform
different types of blob analysis, the generic single-based computer system can accomplish

a wide variety of applications.
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WO 02/ 065106 PCTI US01120997 predefined web | ocator inmage and ;fg
sequential digital data stream Since the predefined web | odat BY6 2005

contains_ a g/at_tern that occurs only once in the down web distance b7etvveen
repeat i NYOPA*BPhs, this correlation serves to establish PREGPVYPHN of

the X and Y coordinate systemof the web. 5 Wth the web | ocator's
position being known, the invention can establish the exact cross and
down web posi Forampafterad lweparthe vidad sinalisexpectadtol beatmform softhatmydown web
repeating pattern. Once_again, _f.his is acconplishe si ng the__bi.nar

cor r el atTERRgPTR are3s atiedet epdiifieq BOSESING tha t@hgefgﬁ@e @&a?ﬂ&erlag ts

di gi tal FRNPVIBEo si Si4fon ORI BARBBLVCHEA L om i S
operati o%%%lzce;%% g{rmn%l I'n 1a ?flgg%lg’?icrgzssggﬁ caat%% on asv 10 et%%lmﬁgned by
t he of f steickgifoupdydnd Wickling td cadlect defeatdle dixelaime vaifidd tehatiecasyabvionglyh of
part locator. Si.nce the nunber of parts and their_ offsets fromthe web

b .

| ocht or Sesenbrde ddnalbhithfcepliected biehs are fralyzsdde dgiermineHAHIeY FeRIESPEscr i bed
; recet . . orY b

Bort her A GAREBOR R REED B (R EHARS 1y olg AV BRCAM, RS LRsReAE 1

| ocat ed, conxBtssefdndiygistadlthe/blobpdsitibe and pédmetaic Ishiapepskadetarsd If apaitedladro a

single orientation, all additional_ processing can be done _w thout . .
respect eb hanteagiresgconsistent withipaededined dafesisothien 1ijs defestivg i Baweyself it is

pr ocessi ' ' ] OF. 1 ACL M I i

Ther ef orrgg vgpﬁﬁlﬂ%f{}glég%éégép fglfnegé gég)r/qe? %gn%q%lrﬁggryg% f:é(gglu 'yl,vg?{e&gdgrogll ess of
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. .25 Def
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circuits) and unpatterned (such as nonvvoven? Thi's 'nvention
i s capabtaditiorsuddes stqhikyiopethé dataimay e fihered ty pehante 82 capphsteddefeats

W thout  ape RoRSE bkt ol i, a0 e tat B Med o Sivet HE B b pREHE ™
applications. Since this is a translucent web, the material is somewhat diffuse, requiring
high pass filtering to enhance the defects, but also a smoothing filter to remove noise in

20 the image. Filtering operations are generally computationally expensive for general
purpose computers, but by carefully designing the filiers, they can be optimized to handle
the necessary data rates. Separable filters are common to matrix decomposition and are
generally recognized by those skilled in the art. For example, a filter of size 11 by 11 may
be separated into two 1 by 11 filters, thereby reducing the number operations from 121 to

25 22. By choosing this type of filter, an efficiency increase of 550% was realized. Next, the
image is efficiently binarized and blobbed as previously described. At this point,
anomalies have been isolated as blobs and can be classified by analyzing the blob features
(size, shape, position, intensity) using linear or neural network classification techniques
generally recognized by those skilled in the art. In this case, defect severity is determined

30 strictly based on size. If defects are greater than 2mm?, then they are defective, otherwise
they fall below the application tolerances and are ignored. Finally, data is displayed to the

user through real-time maps and graphs. Data is also stored in real-time archive databases
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different types of blob analysis, the generic single-based conputer
system can acconplish a wde variety of applications. -15 1 21AWG620055
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Filterindg  operations are geheral Py conputationally expensive for general
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operation to extract each object (blob) in the reference pattern along with features of the

20 blob such as size, shape, position, topology, etc. In this manner, during run-time, the
analysis single computer extracts the blobs in the image under test and compares features
of blobs in the runtime list to those in the reference blob list. Through comparison of
topological features such as the number of blobs and blob features between the two lists,
even subtle pattern defeéts can be detected. This has the advantage of drastically reducing

25 the amount of data through comparing defect lists rather than full images. Also, it is now
possible to compensate for normal process variations by building tolerances into the blob
property comparisons. This type of processing has enabled the successful use of single
mass market computers for processing the massive amounts of data from patterned web
inspection.

30 For example, in a preferred embodiment for the inspection of flexible circuits in
web form, the digital data stream is fed into the single computer through standard digital

video input cards and stored in the computer’s main system RAM memory. The data is
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hi t ab ted.to. th
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extract ed his invention uses ral ni ng oper ation to ext ract each
obj ect ( of mbiphiologideé prastesimgiomtheamage isedf. dinfomiunatelye beeauss obthe mhassize bl ob
. such as slze

such, as ShZ g mBlA0R i RRR Anch 9RO sing b0 o dkeb e MRS FomPilahfhy o

.under t egdst 8NehofEHIRFHI @3 pkEREUAE Tustom designed, dedicated electronic hardware has
been used to perform these operations. In this invention, the analysis is performed through

Py 20 modification of the blobs rather than the image. First, generate the Y domain segments for

| each blob from the X domain segments. Next, the X domain and Y domain Segments
representing blobs are modified. In the case of lead reductions, each segment is reduced
symetrically by a predefined number calculated to only pass fully formed traces. Then
blobs are reformed as previously described based on the modified segment lists. The

25 number of blobs on the new blob list is compared against a predetermined number, in this
particular example, the number of blobs on the training list. If the runtime count is greater
than the reference count, then the process of modifying the segment lengths broke the
trace and thereby identified a trace reduction.
Next, using a similar mechanism, the part is tested for both shorts and space

30 reductions. The only difference is that the X and Y domain segments are extended rather

than reduced. If a short exists, or space reduction exists, then the blob count will be
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detected. This has the advantage of drastically reducing 25 the anount of
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nocessar PPdpe BB RRT Sy ORI (OISt oosed A SCHER fortcatizaian af ¢ er
t hgo mMaggefesisbl obbed, all anal ysis operations are perfornmed on the blob

list. Perhaps the nost inportant defect for flexible circuits and PCBs
are el ectri cal Onsethod, of apentginin glagheredaeacpinsdefesti detcpacmon ddxible wresits

First, the hloh.list generated for open 10 testing iS coO ed.to, the
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circuit open exists. Oherwise, further analysis is required to

det er m n@p¢rfs ig setitebe maze sensitiyg teklodtbyeaking defects.e Forexapmde, fepiransantted

porti ons..0f ..t h ircuit in [ he metal. featur t hi.nned beyond
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' mages (3Rl HRE SREEA0: 30R P BORPYARS I8l hrplar £I0Roftrh fferences

in reflectivity. They are detected by isolating the features using locating techniques as
20 previously described. Once the features have been isolated, the local contrast in that area
is measured. If the size of the feature or the contrast across the area is outside
specifications, then the part is defective.
Another class of defects in this preferred embodiment is defects in the application
or position of covercoat. The covercoat is used for a variety of purposes on flexible
25 circuits including solder dams or dielectric coatings on certain areas of the circuits. Using
transflected lighting as previously described, the coating can be isolated from the
background and blobs formed representing only the covercoat. Then the blobs can be
analyzed in a similar manner to circuitization defects previously described.
Another class of defects in this preferred embodiment is holes or imperfections in
30 the base substrate. For examples, holes in the substrate can cause problems in the products

performance. Using transmitted lighting, the product can be imaged such that the holes
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cost of norphol ogi cal processing, custom designed, dedicated el ectronic
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exi sts, or space reduction exists, then the blob count wll be 1 2 AUG

2005  \\Dofblobs 61 Git: POTiMeSEE L2089Tompated egain®a refeeenceilisty Ghe triagoraxis angle

| engt hs, .conputation efficjency is inproved by anpoupts angi ng from 500
to 20, 00HE PIOWER 0 bt 2 prpaich|ag IPOFa baR PEaeF e PR PREH  t hus far, i
still may be defective with traces slightly shortened on one side or

with both short and open defects occurring 5 simultaneously. Therefore,
t hd0f i nal anal ysi s stage conpares posimingng and geonetric shape

information fr.ogm each blob in the runt. .. st agai nst. its counterpart in
the ref er ence TFESHIEIS SBPRELE uPEaly red by et iererencs B 0% 1 ted 1 o.
area, pelcbiRhfon ATARP R bIGK LASPRE burpbdd bOHe pkdduRhyetipBE trﬁ'iﬁix@'tér?ﬁliéatiiﬁn
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outsi de acceptabl e tol erances of its'referenCce counterpart, “thi .
entire pasto previdefagutthod for@atheringsd, informatien pessisd durihg theesmmitinge gpection

circuitization 1Q defects...One. net hod nai nt.ai ni.n igher .accuracy in
Gof oot - G BTaER THims G Ry Bt ko Rlee TRy Mt derBfdenRi Rt dlfei
valges f ehatéhiBe P@laffetdr® Qs fob PA | Scali6f 51 paRBAES wel Mespbbii @b iihidatidhg eshdf or
shorts is set 1o be nore sensitive to blob bridging defects and the

t hr eshol @redict descriphpe ifoimatipat While thisrenmiceéers Pt jopee vasiasiopshaseeddaki ng

el oot oEQlpBRIRY g S SRPELS kR IS A1 i R o
preferred embodiment of flexible circuit inspection. Logical adaptations can be made by
those skilled in the art to customize for uniform web inspection.

20 The sequence of operation generally involves: First acquire a defect free image of
the web containing at least a full repetition of the pattern; Second, specify the unique
features of the pattern and identify the process control areas within the pattern; Third,
dictate the specific process control setting for each of the unique inspection regions and
defect types; Finally, save and install this informmation into the database, select this product

25 in the run time application, and run product.

First, with the inspection system set up with proper optics, resolution, lighting, etc.,
capture an image of the moving web containing at least one full repetition of the repeating
pattern. Alternatively, this information can be imported from a CAD (Computer Aided
Design) file and translated into the appropriate image format. The image is cropped using

30 conventional image manipulation tools such that the result contains exactly one defect free

repetition of the repeating pattern. Thus the image length will be one repetition in the

downweb direction and the width will span across the entire web.
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threshold may be set at 20% of the avail able range. Another cl az’s? Agﬁ 2005
defects in this preferred enbodinment is stains on netalized features
such as wwoe296fd@6or sol der bond pads. These appear as | owPECHBIUSHEIPIT
differences in reflectivity. They are detected by isolating the features
using locating techniques as 20 previously described. Once the features
have been i sol : r 4.0 i I f the
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probl ens paterheFpr exiugils, a gaerhey baacmgldddiong elemers mithied répegliigd segtiot he
product can be_ i nmaged such that, the hales 1 2_AUG 2005 WD 02/ 065106
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| eads. Lewithirathe glsbadlpattesn. Thedowgwet dispmoe acwhich tiexpazt repbatwisrdesined
devices. ]Jf the lead is bent out of positiaon, 5 proper bondi ng cannot
occur. By{"’tfs"}]%thﬁetfﬁé}’ be pusiante Pfel&jwrtﬁ@m siggle dgrpniieh P4l IRREIORe A28l s
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position, and shape on the runtine |list can be cohpared agai nst
a r ef er endlentifysindividie] paijtofor anal gsianhe systes aptomagnaltyolobatesalp parts regardlelsy

| npqr.tant shape paranetey for this analysis. 10 _ Trainin The single
conpat er  PEOHSAREER ¥ifbinyihs FrRRRAERRUENL | ARG, £ pdouRg BurReat pefert
conpar i soorgak B8 didche PLpD thehthe ertle pRERQER bR trehid® aPh QS pS € TR rOkre
training application 15 to provide a nethod for gathering all

i nf or mat i sverrdedeantagesitmysing erider of imdividispparts. dn rup tiowesier pats 91l ncl udes
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pattern that are of no concern. This method only inspects those areas requiring analysis.

20 Within the part image, process descriptors needed for inspection are then defined.
Process descriptors include: part marker area defining exactly where the defect mark will
be placed within a part, display area which defines a critical area of parts for high
resolution display to operators, and information used for adaptive binarization.

Regions of interest (ROI’s) within the part are then defined. Each ROI identifies

25 an area within the part to which a particular analysis will be applied. For example, with
flexible circuits, the whole part may be analyzed for short/open defects, the pad region
will be analyzed for stains, and the fine pitch area will be analyzed for lead/space
reductions. Each region may be individually identified using graphic tools and the
inspection tolerances for each area individually defined. Regions are continuously added

30 until all analyses are defined.

Finally, The file is saved for later revisions, if necessary, and then installed into the

inspection system database to be used at run time. Multiple files may be saved for
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15 matchi ng paraneters used for part |ocation on patterned webi 2”&%%65' on
applications, and product description information. Wile thi s
application or some variation thereof is required for both uniform and
patt er nedVRIF9H8pection, it will be illustrated for the PFEUSPYEY
embodi ment of flexible circuit i nspection. Logical adaptations can be
made by those skilled in the art to custom ze for uniformweb
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t he jgdownyedby; ‘Pi;l bl Bfe 'agt}q\é‘lﬁ%bb ¥k §Qﬁ{gh@f361‘a§fdfs{b‘ﬁ1&ﬁtzlnrdesoi‘iﬁﬂmeé 2
AUG 2005 WO 02/ 065106 P 20997 The ravvl ng tools are then used
identify meﬁmpmgeamiottcbmppmteefom DOEPE Proceygs vareyiohar Tyeneforehem\lvnmeb

direction, but uni i r1‘ | ocal i zed. cr ossweb ar.e eat ur S
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defined at a point at which the 5 web Iocator pattern-repeals. Both the
patt ern arsoghieed ypthase skiledmctbe arte saved and used in the runtime

applll cation to track the web. The drawing tools are used again to define
any “discrete "parts" within the repeating pattern. For exanple, a part
may be a single circuit element Ws{d§h Ight&RR/BEH NY section containing
multiple circuits at different orientations. For the part, draw ng tools
may be 10 used Tﬂl@)smbmqmgptq qirﬁlimpmsmum@momg@mrﬁl}t memnmputﬁmgléﬁrm
used to | qgcate ern. wnweb

div th
di st ance 3§Crmptlgﬂs gﬂ%mlgg?l? P?pé%sggpgg F\éen&secfl} tﬁlgg)rocess 1iRS: t ft may’ acce Ei mputs

including web speed, web motion, splice, coating operational, and various synchronization

20 signals. Also, the present invention may provide outputs to various devices upon
determination of defects present in the continuously moving web. The single computer
may send output commands to devices such as user interface monitors, process control
computers, an archiving database, a marking systems or combinations thereof.

Marking systems capable of identifying defective locations or individual parts in a

25 continuously moving web are suitable for use with the present invention. The marking of
the defect preferably occurs substantially near the point of occurrence of the defect.
Substantially near means that the marking is closely related to the position of the defect in
both the cross web and down web direction, and preferably within a tolerance of 5 mm,
and most preferably 1 mm.

30 The purpose of marking defects is to identify defective components or regions so
that they may be removed from main production at some later stage. Defect marking

subsystems utilize a wide variety of marking techniques, such as, for example, ink or paint
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because there may be nmultiple parts within a single dowweb patjte, AMiUU
repetition. Again, the part locator pattern and repeat di stance q 5b
used i n twe oemeribere i nspection to identify individual parlt(sr/tIS(r1/20997

anal ysis. The system automatically | ocates all parts regardless 15 of
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regi on V\mlslbecben ays¢mpz Edr exampgle ank stamping deveces mms,jlotf erpoamleamﬁlbadebevith
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anal yses are defined. Finally, The fi is saved for later revisions, if
necessar yL.asgniggingrievigss micomerate highlheoncerisgied powerfelylates heatns abldwelcaléy be

d
037 06o106HBe BRisei it eng stret iRal. BRI EBatelte ddid Dbt ipRERE, mit s
t he oper a¢Ha@Bing@fsutfhc: tekRS€ Miabelnpplitdton a\ppl reprditedsEf-BaRgietishel tolipeit

further intervention, One of the major difficulties in the inspection of
t heldr ef etergstinfatasial piaga &glmm—@ewase mechanisie Hodhpungheplatsinetly dyach kples
uneven te - [ nefor e,
any  ai veriias Fed @i Eh i Rel Je HRL R R GBI BES Bossinte DORORLCT

pattern. dJddigesittdral pushadndsdis fd’le’ilﬁ)U@l@pﬁftﬂhes tued m@mmtﬁesfthﬁt dugd protrude
deformations. The method nost often en;iplo yed is to warp the test inage
to best néFeuehtthetargatanalerddd andhpaefore tend to Work better on moving webs. Physical

deformation of a defective surface can be achieved via devices such as solenoid hammers
20 or knurled wheels that leave distinctive marks on the surface. Magnetic pulses can be:
applied to a ferrous surface via powerful magnetizing coils such that defects are easily
identified later by simple magnetic sensors.
Control of the marking subsystem may be an integral part of the inspection system
itself or a semi-autonomous intelligent subsystem (i.e. PLC or dedicated microcomputer)
25 to offload the task from the inspection system. It is the responsibility of the inspection
system to identify defects and determine the coordinates both cross web and down web.
These defect coordinates are conveyed to the defect marking subsystem which
incorporates a delay (time based or distance based) and a synchronization mechanism with
the inspection system to accommodate and maintain the physical space between the image

30 sensor and the marker before actuating the marker mechanism.
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and then performa direct spatial conparison, for exanple, by subtracting
the test image fromthe reference image. Unfortunately, there h#&Ub 2005
difficulfies with this approach because 10 it is difficult tly
war p theakﬂgéﬁgy’ remove hi gher order distortions and soné?%%@@9&¢ﬁz
war pi ng cannot conpensate for normal process variations. Therefore, it
may be necessary to perform "cl eanup" processing such as norphol ogi cal
processing after the conparison to rPeuee extraneous noi se. Such

processi ng techni ques are generally. recognj zed gy t hose skilled in the
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ar chi vi ngwéﬁti@bfssg&neﬁllmp%ﬂﬁdtginmb&ﬁﬁorﬁr welp prydnatiom oen elyarceshipnddat. ki ng
systens capabl e of identifying defective |ocations or individual parts in
a 25 coﬁifgnbéwmy ORp PrHg kb Ement ebihe fresgnt in¥entign: Wehd2 py eoseed

a 25 _ _ | e
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t hao t he damdekirdlieri76 ishohaldyfor #hsib@@doh@ol Marpes iidleprolBf78t3sistiafceateyiny
both the cross_web and down web direction, and preferably within a

t ol er anc &1&oVel;72myAn optignaksiaeripe areshapisp &0 Ay bepropidedsior gBidingohe wigh KPng
defects & i dent | j : i y, may
pe. t orov i Hit e fnka SERES LU P TAARRRLR (lEr SR ARNBE: (e Wb e
subsyst eilime ytdn daneeraddi Deive acll 86 ys pihcetbddwnsgreamaifnhgingpectionceasia ordepto
exanpl e, i.nk or paint 1 2 AUG 2005 WD 02/065106, PCT/ USQ1/ 20997, deposition
(i ncl udi AYnimHEe dieAfparhanggof thaRVedr /23S IBREHRES) 10 T80 SALESPng, | abel

applsi cat iufaﬂﬁfu%e} §s[ gfégg?éﬁ{&,dﬂ%bﬁeé %&pﬁdvﬁa%%eabaek Q8RN wéb E&TRAE) 90 HRIcE

punchi ng, physica ormation techniques, magnetic pulsing, or
conbi nat isembsdri veesi gudls taDbE ddive nallek S§6mdmapedatp foe thedineccameamerfd idef ect
Itself, %tangrplﬁtegqg ?heosfingtlg gor\fl\%gte? 52 ?ﬁat taﬂg rgcr(]z(ljvecs)finl?ut rotl)'n rtl%l \lvéb sl:g%fc r%tnizer
94. The single computer 92 forms a blob list and performs the defect analysis. The single
computer 92 communicates with a web marking system 96. The web marking system 96
20 is capable of marking individual defects (not shown) on the web 72. The single computer
92 optionally communicates with the web controller 90 to exchange web 72 product
information. The output from the single computer 92 may be reviewed on an optional user
interface 98. '
Because computational power is at a premium, even with the expedients described
25 above, any efficiencies that can be achieved by reducing computer overhead are preferred.
In particular, good results have been achieved using extremely efficient memory
managément techniques mapping to the computer instruction set and register structure
such as specific memory alignment, for example QWORD. The use of SIMD (single
instruction multiple data) code has also proved to be preferred. Single computers designed

30 to operate asynchronously and in parallel using multi-threaded techniques are considered

preferred.
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5 marks may also identify defect classification by using different mark
colors or shapes. In the case of continuous defects such as streaks on a
web, the mark may consi st of repetitive small marks as from arl 3 UG 2005

stanper Q{o®/6&7hd Nuous mark as froma paint sprayer. ConwentiQRabeer
mar ki ng systemare incorporated with use of the present inventiveé

i nspection system For exanple, ink stanping devices consist of a porous
pad | oaded with 10 ink and physically placed in contact with the target
mat eri al to trlnesfeptiondiembadimentk thermeshod andgavagesofshaipiesént énvention enagi d

| t . ized_ ink I nt to t t t material. L
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o ot el i den s Py S REREL SRR I YAHDEE A7 SFIRERIR: SOP: bl o
i ncludin j : i i;

bunchos (gRREKS Meqafiely BURErT ARl pts Moy AR R pliRe Lkt
tend to vedrpkodess tedateddefects iang giveh poinPlvy s mehlprodietion petcesma of a defective
surface can be achieved via devices such as solenoid hammers 20 ©r

knurl ed wheel siianether aligraatiiyesmbrAimeRt. REP REMSH PRSCHOR FYETS AMCGFURg to
pul ses C?Ee Pﬁztih '&@m@%faléelgrgé&vﬁw% ﬁ&?‘ﬁﬁlé&%ftﬁ@‘é@@%b‘ﬁ g{ﬁ&ﬂ{l%h&ké}&s.

coils su t defects are Iy identi npl e magneti c
sens@rs. diongiveh web. The simgickeomgpieersSyomt eanhmaspebiveasystent povade dager to aof t he

i nspection system itself or .a sem -autonono intelligent subsyste
(1o pL B emastre d HrcER G GBSy 85 CTAR o O TES SYRRROREEh P
i nspect i téﬁb?ﬁﬁiﬁovls&g}o%e&*&nh%ﬁpong bility of the inspection systemto

identify defects and determ ne the coordi nates both cross web and down
web. These deTlcpresmmoimienteres saiteble donvieymedting a tomtimehelytmomnkively to

subsystem which .inc orates a.del a t.l.me based.or di stance based), and
2 oymohr ORFBAY BaeHEBF GR AL 1f TR B dBE NEs 6 e PEret GTAEE RN
andysmai ntaiRided %n%y $binftbf wRE R ReluesRe f&hﬁnagir%g eriln&Bng ahd afdcd L6

mar ker before actuating the nmarker nmechanism 2 AUG 2005 WO 02/ 06-5106
PCT/ USQO /idegh7subedite bandldvmaskeve data oeftest thet are pesent witlveomplox web meateridls

el e SRR T RS Pt RS e
and a single board computer to handle the massive data rates without custom image
processing hardware. The present invention incorporates modular software that

20 adequately supports changes to either specific inspection programs or web matérials
without requiring additional hardware changes. Further, the single board computer maybe
upgraded to capitalize on processing speed enhancements without requiring changes to the

software.

25
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a continuously noving web to provide a digital data stream The single
conputer forms a 5 blob list fromthe data stream The single cbaputqid
t hen anal yzes the blob Iist for defects in at |least a portion of the
continuously noving web. The inspection device of the present invention
is generally applied in conventional web production conveying equi pnent.
FIG 7 depicts one preferred enbodi nent of the present invention. Wb 72
is conveyed froman unwind rollers 71 through the inspection system 70
toawndup rollers 74. A 10 dancer roller 76 is utilized for tension
control. Various idler rolls 78 as§L&IMS conveying the web 72. An

opti onal steering nmechanism 80 nmay be provided for guiding the web 72
into the imging area of the system 70. Inspection idler roll 82 conveys
the web junden riethdd SinspeaiingCaEBRtiAudidly h¥vivewelcbmPfising: pl aced downstream
of the inspection area in order to mnimze the disturbance of the web
72 during i mdlgi ngiMASEgAseawsIEiRlrPrtion etdhecaptinyossty mondpg web taproyide a

conveni ently prov: i e elhas : 0 which
send drive signal%gﬁg(%ﬁgﬁggyvg%¥%ﬁler @Eﬂhgﬁgggmﬁggggﬁggﬁ1‘%g&ﬁ?ne scan
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i nput fromthe web synchronizer , 94. The single conputer 92 forns a bl ob
list and perforanTW%xﬂﬁFEEﬂwéﬁ?Pysis. The single conputer 92

comuni cat espW t hpiRaMBRg §Hd Hiph8l desieam 6. The web marking system 96 20
i's capable of marKking indinguaI defects (not shown) on the web 72. The
singl e conputkr rmosta Welalistfromoedatastieassbwi t h t he web controller 90 to
exchange web 72 pél9ducéeteﬂtﬁ(§i8%ggl}elcg&s ol:BS(et%%%EIyetctefdggg&%%@heﬁ'ir?ﬁlle%( comput er
92 may be reviewed’on an optional user ‘iInterrace . Because
conput ati onal powdsmais s@hs @ defiagdgmen8ymid Wi th the expedi ents descri bed
25 above, any efficiencies that can be achieved by reduci ng conputer

over head are pref &)r edtesolying Jiag {q kqg whetheg sopnergansiexist betweensements Hl eved

using extremely ef i fjneid ¢ Sl PRD AREdTRB of GIGINY AL NBRM Ry fHe t he

conputer instruction set and fegister structure such as specific nmenory
al i gnment, for exdetpineniQ\@RPandthe resobving sty dvDa¢compijkleed in asingledterasion,
mul ti pl e data) code, has al so proved to be preferred. Single conputers
designed 30 to op@%bte asynchronously and in parallel using

nul ti-threadgy tesulyARESIOR ¢ t6OBIDb S 16 ddenl Fyedefd ot hereinde)APdF 6&ar in\O
02/ 065106 PCT/ US01/20997 In an optional enbodi nent, the nethod and device

of the preseASINBIHEEAPEBA nay

2. A method according to claim 1, further comprises saving in turn a list of the
segments in each sequential line as a comparison list, and
wherein the resolving comprises comparing the segment list for the current line with the

comparison list.

3. A method comprising:
a) imaging a sequential portion of the continuously moving web to provide a
digital data steam,
b) forming a blob list from the data stream, and
c) analyzing blobs on the blob list to identify defects, wherein b) and c¢) occur in

a single computer,
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utilize multiple inmging systems to provide conplete and detailed imaging
of a continuously noving web. Multiple imging devices may be ﬁft Kﬁ
parallel across the web to provide an inage enconpassing the f A 'M@h
of a given substrate. Alternatively, 5 nmultiple inmaging devices may
establish in series in various dowm web | ocations fromone another to
adequately inspect for differing types of defects or to nonitor for
specific types of process related defects at a given point in a web
production process. |In another alternative enbodiment, two or nore

i nspect |V6ﬁre§y§19e‘f¢b ing p¥temedgvaboand fyethereomprisiag Hinatzing thegtigitah data stearant

i nventi Vi in series 10 on a given web.
The sin%ﬁgp@gbgﬁ q?%%%?&ﬁ% ?@%%2&#ﬁ%gﬂgystentprovide data to a
central co rrpttteetlfym'gtm lezgtndne 3bquentigh pbeionihaving eubstanfialby the efitireargeio§ or
synchroni zi t he, rov d process control. The present

|nvent|8ﬁ‘W§8§mF?§%F rt%?ﬁPﬁgg@ ®Ag a continuously noving web to

identify Und%hﬁ@lhlf?h@ﬁﬁewaﬂ?&@%rrés@oﬁd?@gt&ﬁ@cal ?Haﬁmmtnla%nﬁtathe present
invention m racticed on any formof web that is suitable for

i magi ng. The dﬁﬁ'ﬂh&)@l”@ﬁ@lb@é\ﬁﬁ@b}’ ﬁwéowmaalucyarg@n&té@lptxsl Yedwrglidentiisdas/e dat a
rates t *?S‘c 9}1@ élﬁ?%thl etstr\/a;ﬁ%rg?rlno%é 05 1xéT%ﬁJ% %eéﬂﬁ ‘é%‘ca?ﬁuJ !n%x' bl'e
circuit V\B . It ona 1 ON U

I nven i zes |nai
devi ces and calcwlhtivgy mmmd valaePlithr the eangarglie t he IT&SSI ve data r at es
W t hout custom i nmage  processing hardware. The sent i nvention
i ncor por at es CHPERIINg At Leéﬁtwnt%é e digital daigaHeanm g”g' ges to
ei ther specific inspection progranms or web naterlals mﬁthout requiring
addi ti onal hardware changes. Further, the single board conputer maybe
upgr aded.t o dapethad acwerdimg torcbeimsls wheresyefiter éndpphicd trethe digitat dateustrenmqui ri ng

changes .t the sof t 5 CLAIMS 1. A nethod of inspecting
a conti it §F$kH6WFW§@R8g¢°39W%P$égﬁéﬂ’53 i mgi ng a sequential portion of
the continuously noving web to provide a digital data stream wherein

the digital data streamcorresponding to each sequential portion
descri bds pi Xemsgthpdhageardagiormiain lc Shesensrdisig commuigaging pefueen B8 acr oss

the web.g e Blihtfer 2hd'Ppridld cBhiisleat & stream

6. A method according to claim 1, further comprising marking identified defects on the

continuously moving web.
7. A method according to claim 6, wherein said marking occurs through ink deposition,
paint deposition, laser tagging, label application, hold punching, physical deformation,

magnetic pulsing or combinations thereof.

8. A method according to claim 6, wherein said marking occurs substantially near the

point of occurrence of the defect.

9. A method according to claim 1, wherein said web is selected from metals, paper,

polymeric films, wovens, non-wovens, glass or combinations thereof.
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c) formng a blob Iist fromthe data stream by: cl1l) determ ning

col l ections of pixels connected to each other in the X domain $¢ A8§ 7008
define segnents, and c2) resolving line to |ine whether connections exi st
bet ween segnents in a Y donmain corresponding to the direction of web
novenent; wherein the determning step and the resolving step are
acconplished in a single iteration, and d) analyzing bl obs on the blob
list to identify defects, wherein c¢) and d) occur in a single conputer
2. A nethod according to claim 1, further conprises saving in turn a |ist
of the Wegnéhmsthod ageording talaip ¢ avhereimene.ar more goAtings Qropne|or &ore and
mhereinIhﬂ9n5%§qk¥ﬁﬁgngggpﬁ%ses conparing the segnent list for the
current Tine wwth the conparison list. 3. A nethod conprising: a)

i magi ng a sequential portion of the continuously noving web to provide a

di gi tal b) f.orm | ob | ] f he dat. d
andl yoi g bi dhuepitereraf B el kAl Bl BB it Rede o

occur i reircait $iepgl € conputer, -26 1 2 AUG 2005 wherein the web is a
patterned web, and further conprising binarizing the digital data steam
prior to formng the blob list, the binarizing conprising: identifying at

| east o se I8l ! Vi abst j j of
opti cal o opey i B apPihg R SRSk Ehdame ek R e SOy
val ues aomsmegedhighty ttaosfleotdllightxi ma and m ni nma; defining a range bounded
by the | owest val ue anong the pixel values identified as |ocal maxima
and the hi ghest value anong the pixel values identified as |ocal mnim

cal cul atiang & meaRARSdHdiMatdQain t,h&w@mmmmgg%a&m& ufilzedt | east a
portion of the digital data streamto the threshold value. 4. A nmethod

according to claim1l1, wherein a filter is applied to the digital data

stream 14 A method according to claim 1, wherein said binarizing includes adaptive

thresholding or multiple value thresholding.

15. A method according to claim 1, wherein said data stream is at least 10 mega-

pixels/second.

16. A method according to claim 1, further comprising classifying defects into specific

categories.

17. A method of inspecting continuously moving articles on a web, comprising
analyzing blobs formed from a continuous digital data stream of at least 10 mega-
pixels/second imaged from at least a portion of a continuously moving article to identify
defects on the articles, wherein the blobs are formed and analyzed in a single computer, and
further wherein the digital data stream describes pixels in an X domain corresponding to
their position across the web, the method further comprising:

a) binarizing said digital data stream; and

b) forming the blobs from the digital data stream by determining collections of

pixels connected to each other in the X domain so as to define segments, and
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in the single conputer prior to formng the blob Iist. 5. A nethod
according to claiml1, further conprising comunicating betmeen1tqﬁj 005
single conmputer and a process control system 6. A nethod accor& g?%g
claim1l, further conprising marking identified defects on the
continuously noving web. 7. A nethod according to claim®6, wherein said
mar ki ng occurs through i nk deposition, paint deposition, |aser tagging,

| abel application, hold punching, physical deformation, nagnetic pul sing
or conbi nations thereof. 8. A nethod according to claim®6, wherein said
mar ki ng occurs sub&Phing ke tg ling shethgreconpestinns Gst SeNeen segsenttingne def ect .

9. A method accor g ngintc.%n‘é%;{%}‘lfﬁhéto B GIERn SR Wb WeR eimenS fh&eafe T OM

netal s, paper, polyneric ms, wovens, non-wovens, gfass or

conbi nat i ons t her determihing aAlithe2@8Bvindare Aceratisbiedoio aainglenigerationc| ai m 9,
wherein one or nore coatings or one or nore patterns are applied to said
web. 11. A nethod according to claim 10, wherein said continuously noving

web is agf | exd Blefod Fdrifdpettingeddntidudushh nitinpOde i3 Bi@ Pind iaM€peh@ngpaern, the
wherein said i magi ng occurs through reflected light transmtted |ight or
t ransf | geetbef ¢amyMising13. A net hod according to claim 1, wherein nultiple

i magi ng sources ar i Ld . : . i im:L. . .wherein
said binari zi(éﬁg i ﬁ@f%ﬁ%géqg aIS% Fy ‘%Oﬁmé;%f‘g'?@gfyg{#m“ ?ngogﬂr\% ue
t hreshol di ng. 15. digitabddiosirean; ehdieimgthe digathlaata sireamtverrespondiag ¢t ¢heha st ream

is at |least 10 nega- gi. el s/seconig. 16.l A maglaod according. to claim1,
further conprisi ngeMeALAPPTHoRgesraipetRizels i 4t X dampicorregponding fo their 17 " o
met hod of i nspect ippgtisPadrbd3uRerwty, Moving articles on a web, conprising

anal yzing bl obs forned froma continuous digital data stream of at |east
10 nega- pi xdDs/ sddentiyingringiences pbe atpepiénganatterpor t i on of a conti nuously

209 2L L0 GABRLA it LGRS PR RIARLE S RS L D) o
di gital data str edinthsdataBeampivkekin thaiblab lixt idcnddsinfoanstempuarttle kggthe
of collections of pixels connected to each other in the X domain, and
d) analyzing blobs on the blob list to identify defects, wherein c¢) and d) occur in
a single computer and the analyzing step comprises:
calculating information on the lengths of collections of pixels
connected to each other in a Y domain corresponding to the direction of web
movement;
modifying the lengths of the collections of pixels in at least one of the
X domain, the Y domain, or both domains, by a first predetermined number;
preparing a new blob list based on the modified lengths; and

comparing the number of blobs on the new blob list against a second

predetermined number.

19. A method according to 18, wherein the number of blobs on the blob list for each

instance of the repeating pattern is compared against a predetermined number.

20. A method according to 18, wherein positional and geometric properties of each blob
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their position across the web, the nethod further conprising: a)
binarizing said digital data stream and b) form ng the bl obs frlahAith205
digital data stream by determ ning collections of pixels connected to
each other in the X domain so as to define segnents, and -28 12 AUG 2005
resolving line to |ine whether connections exist between segnents in a Y
domai n corresponding to the direction of web novenent, wherein the
determ ning and the resolving are acconplished in asingle iteration. 18.
A met hod for inspecting contlnuo% novi ng webs having a repeating
pat t er n 2 PR IRBASIAROFEIRON A S &blpﬁﬁgfpwgcesléa%ﬂu al portions of the
continuously noving web to provide a digital data stream wherein the
digital data stream corresponding to each sequential portion describes
pi xel s i2d. an Amdibadiaerording esiSondiemin said itmaging ocprosihrdugh reflecteddighhie web, b)
identif peating pattern, c) formng a blob Iist
represe gmﬁn@g oaﬂeacﬁ&ﬁhEgghéﬁ:of the repeating pattern fromthe data
steam wherein the blob list includes information on the |engths of

col l ectigns of pixels cgonnected to each other in the in, and d)
anal yzi rig- bl éb%‘e'tbﬁg ererdingls qlaim 18, whergwiibg dasa aéqagbltsgtlhmég@ﬂ c) and d)
OCCUT i NndiRidhiNAEms ORI Reb MblobRKeANRIWRhMiAGGP conprises: cal cul ating
information on the lengths of collections of pixels connected to each
other in a Y domain corresponding to the direction of web novenent;

modi fyi the |l e hs. 0 e collections of. S. in ast. one of the
X o - t né e Aros ind IR 50 fahRbeoniis Berbinabizing oZuit LB Crver
prepari mﬁeﬁnPﬁWth@hnhg sdid blabgigk. on t he modi fied | engt hs; and conparing

t he nunber of blobs on the new blob |Iist against a second pr edet er m ned

nunber. 19. A method according to 18, wherein the nunber of blobs on the
brrob | siy. f 0T @it abBRERE 1A 30 RHEERSR dibeh el fblks using QEHRAVET 0l nst

a predeterm ne
thresholding or multiple value thresholding.

25. A method according to claim 18, wherein said continuously moving web is a flexible

circuit web.
26. A method according to claim 25, wherein said defects include one or more of shorts,
opens, lead reductions, space reductions, substrate defects, pattern misregistration, bent

leads, covercoat defects, lamination defects, stains, or debris.

27. A method according to claim 18, further comprising marking one or more defects on

said continuously moving web.

28. A method according to claim 18, wherein said marling occurs substantially near the

point of occurrence of the defect.

29. A method according to claim 18, wherein said computer communicates with a

process control system that controls said continuously moving web.
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20. A nmethod according to 18, wherein positional and geonetric properties
of each blob -29 1 2 AUG 2005 are conpared agai nst a correspondingydiep
in areference blob list. 21. A nethod according to 18, wherein said

i mgi ng occurs through reflected light, transmtted |ight or
transflected light. 22. A nethod according to claim 18, wherein the data
streamis utilized to find individual patterns on said web w thout
external synchronization. 23. A nethod according to claim 18, further

conprising binarizing of said digital data kK streamprjor to formng said
blob |i s¥: 24*.%%@%8&#%@&3@%@% ergingih igagin EYiES i+ B#idlybi nar | 21 ng

OCCUrs UShdhdorAAaRs theQonfiflloa sy thididwdy. mul tiple value thresholding. 25. A
met hod according to claim 18, wherein said continuously noving web is a

flexible circuit web. 26. A nmethod according to claim 25, wherein said

defects 4,ncl yd n [ . 0 . | Uct i space
e tuct e’ el aQlorRL & BlimPROR hercin RRARR imp BRE AR e SR
covercoat defects, |am nation defects, stains, _or debris. 27. A et hod

according to claim 18, further comprising nmarking qne or. nore defects on
sai d co inquu@FSho%?inFijn Teimg 3, forihek Wrﬁe’&?ﬂ@gwﬁ@n& festainta SPeCithher ei n
sai d mardyjepgiQccurs substantially near the point of occurrence of the
defect. 29. A nethod according to claim 18, wherein said conputer

communi cates with a process control systemthat controls said

conti nuoysly nirj)viiré w%b.e =30 102n,§UGgO 5 30. A et hod _according to claim
18, wheréin éAé s rg'i rs‘n%cﬂrég/‘ilﬁe Eo aTP%{PWe ’sc)?Hl@ﬁlPISﬁi zed to the

conti nuously (@ovi AG iwRBing JdvicAforeéduentialy ¢aaghHg pb®ios lofh Bdnkuoider ei n

mul tiple imagi ng sources are utilized. 32. A nethod according to claim
18, further conpr MAVHE w8 Previepdigibtl datastreamp;andpeci fic  categori es. 33.

A device for spectihfgcimmROLdapHAist friRY b BBIRP frofm QAP BAtE 5P m and

analyzing the blob list in order to identify defects in at least a portion of said
continuously moving web,

wherein the digital data stream corresponding to each sequential
portion describes pixels in an X domain corresponding to their position
across the web, and

wherein the blob list includes information on the lengths of
collections of pixels connected to each other in the X domain, and further
wherein the computer analyzes the blob list by:

calculating information on the lengths of collections of pixels
connected to each other in a Y domain corresponding to the direction of web
movement;

modifying the lengths of the collections of pixels in at least one of the
X domain, the Y domain, or both domains, by a first predetermined number;

preparing a new blob list based on the modified lengths; and

comparing the number of blobs on the new blob list against a second

predetermined number.
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(a) An imaging device for sequentially inmaging a portion of a
continuously noving web to provide a digital data stream and1(@bAyeA005
singl e conmputer capable of formng a blob list fromthe data stream and
anal yzing the blob list in order to identify defects in at |least a
portion of said continuously noving web, wherein the digital data stream
correspondi ng to each sequential portion describes pixels in an X domain
corresponding to their position across the web, and wherein the bl ob
list includes information on the | engths of @ collections of pixels
connect éd- t o Acdfvirererading o ¢lpian 30, desther ROMBRIING UPTORRSS CORYFRL X9 ihe

conput er i . calculating informati on on the
coPRRICEET) MR LRPRIC (Tt

| engt hs connected to each other in a Y domain
corresponding to the direction of web novenent; nodifying the | engths of

the collgctigns of pixels in at ast one of the X domai t he.Y domai n,
or bot h Fomanev s RepranE & At S Rier RGP 2k g WGP RG4Sy bl ob
l'i st basgshtigied Héfectsmlitel coftihRNAY Rfovinghvkbconpar i ng the nunmber of bl obs on
the new blob |ist against a second predeterm ned nunber. -31 1 2 AUG

2005 34. A device according to claim 33, further conprising a process

control -syst | i j i . I e evi ce
ccor di g o oy HEFTIE Akt Mot U AR BT Bhe socarbrll 0
identified defects on the continuously noving web. 36. A device according

to claim33, wherein said. i i evi.ce.is a.lipe scap canera. 37. A
devi co. oor dh Iy ICET Tk GaTh fe IS s e drg R0 es SRR 2o0
optical as@sAEPWhRE uihizCRfibdied ligR, traabhRel Gghd draahsflcdleamgmi. t ted 1ight or
transflected light. 38. A device according to claim33, wherein nmultiple

i magi ng devices are utilized. 39. A device for inspecting flexible
Circul t Sy COf}SPHév?Je”anc(rﬁi?n bGP WhefSY b fipl Oimap FIURIEEAL YeifiJRY' N9 a
portion of a’continuous §
39. A device for inspecting flexible circuits, comprising
(a) An imaging device for sequentially imaging a portion of a continuously
moving flexible circuit web to provide a digital data stream; and
(b) A single computer capable of forming a blob list from the data stream and
analyzing the blob list in order to identify defects in at least a portion of said
continuously moving flexible circuit web,
wherein the digital data stream corresponding to each sequential
portion describes pixels in an X domain corresponding to their position
across the web, and
wherein the blob list includes information on the lengths of
collections of pixels connected to each other in the X domain, and further
wherein the computer analyzes the blob list by:
calculating information on the lengths of collections of pixels
connected to each other in a Y domain corresponding to the direction of web
movement;

modifying the lengths of the collections of pixels in at least one of the
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noving flexible circuit web to provide a digital data stream and (b) A
single conputer capable of formng a blob list fromthe data st(zﬁﬂfﬂﬁ
anal yzing the blob list in order to identify defects in at Ieast 3
portion of said continuously noving flexible circuit web, wherein the
digital data stream corresponding to each sequential portion describes
pi xel s in an X domain corresponding to their position across the web,
and wherein the blob list includes information on the |engths of

col | ections of pix Is conne d t.o e ch ot her iq}%he X . domai n

further wherein t Qo@éﬁﬁ‘p@? %?Péﬁ’ﬁ ethtqe@amsolbv et pvsgleteréran%c(ﬂ%@qreﬁg

information on the | engj &ﬁnﬁéaﬁ&kbﬁ%ﬂh@ﬂ%e@énHk&ﬁkﬁﬁaﬁﬁﬂ%ﬁ§%ﬁ@ to each
other in a Y domain corresponding t di rection of novenent ;

nmodi fyi ng the | engt hs cPmphingibe heobérefblobs opiheaies blpb kst agaiasita soenndof t he
-32 1 2 AVG 2005 domai n, or both domains, by a first
predeterm ned nu rg%g?hrwdnnﬁ%éla nem/blob | i st based on the nodified

| engt hs; and conparing the nunber of bl obs on the new blob |ist against
a second predeternlned nu 0 A devi ce, according to claim 39,

further #bnpridpyge %Pcaw&afetgscﬁerarihr@rt ?f@f‘@ﬁ‘?ﬁnﬂap&‘?fﬁﬁ%ﬁ?%a‘ﬁyétﬁ“\dpth t he

single cggmgaﬁganoﬁlmmqhggmglg%oﬁﬁgtgf ding to claim39, further conprising a
mar ki ng system for marking™ identified defects on the continuously noving

web. 42. A device according to claim39, wherein said inmaging device is a
| i ne scap, ca I 43, to cla wherein said

g ng. Hlv cb Rret fesetditsetiefin 35S BLkIB st Gk e R FufrelRhdy

light, tidemsiedtdetdtslonghé camtintisidnshddsg @bl i ght. 44. A device according to
claim 39, wherein nultiple imging devices are utilized. 45. A nmethod of
inspecting a flexible circuit web, conprising analyzing bl obs forned

froma cepti nmu\%cga&bm @%&ﬁn%g;\%ﬁér}apsate hﬁﬂghe\ﬂi@e R eEéa?ﬁ freraecond

imaged fromat least a ortlon exi b rcult identify
defects on the flexible circuit web, wherein the

43, A device according to claim 39, wherein said imaging device utilizes optical

assemblies which utilize reflected light, transmitted light or transflected light.
44, A device according to claim 39, wherein multiple imaging devices are utilized.

45. A method of inspecting a flexible circuit web, comprising analyzing blobs formed
from a continuous digital data stream of at least 10 mega-pixels/second imaged from at least
a portion of a flexible circuit web to identify defects on the flexible circuit web, wherein the
blobs are formed and analyzed in a single computer, and further wherein the digital data
stream describes pixels in an X domain corresponding to their position across the web, the
method further comprising:
a) binarizing said digital stream; and
b) forming the blobs from the digital data stream by determining collections of
pixels connected to each other in the X domain so as to define segments, and
resolving line to line whether connections exist between segmentsina 'Y

domain corresponding to the direction of web movement, wherein the
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bl obs are formed and analyzed in a single conputer, and further wherein
the digital data stream describes pixels in an X dOfTB.I n correspondi g2
their position across the web, the nmethod further conprising: al ZAG 005
binarizing said digital stream and b) form ng the blobs fromthe digital
data stream by determ ning collections of pixels connected to each ot her
in the X domain so as to define segnents, and resolving line to |line
whet her connections exi st betvveen segnents in a Y domain correspondi ng
to the direction%féweb rmve wher ei néﬂéfﬁ 2 AUG 2005

determning and t eF‘@g‘b‘Pg\ﬁ“H Wé(’l‘é\'c?&&ﬁﬂci’ ifhedhinp Ss“i‘g{%lt‘érafl?rér ation. 46.
A nmet hod conprising: imaging a continuously noving web to provide a
digital data stream wherein the digital data stream describes pixels in
an X don#f-n chmetwdeaniprigingo t heir position across the web; formng a
data structur, ncl udes
a set of obj 1§1C%ﬁng@(§gntﬁnu%§§12nfb% gSCI’I %?JV?dzf%s%??aéﬁ Q%?gé#xé%ﬁe? %ﬁﬁﬂet he

di gi tal digite datarseream tiJsmhbsanels imaaneX bomaﬁyox\testUﬁBng toatheis poditsdryaceoss
connection threshold; and analyzing the objects of the data structure to
|dent|fy §&€Bcts within the web, wherein form ng the data structure

conprises: d %ﬁﬁlﬂ%@'dﬁﬁ shfibtBredforn? tHéQia?a siiath, Wikréia e cﬁlt@étﬁl%{un? RERAEs4 on

threshold in the domain so as to define segments; resolving line to
line mhe&ehefotumtme@thmmt @esmslnmmm@énlxsbgw@m theidigital dataigfrramthat each
correspondl e dir and storing information
W t hin o ﬁ’a t}éaéfaslsoy]‘ Qﬁl%ec&lofl %Wﬁcﬁe to describe the sets of

pi xel s Upon rm@lziﬁglﬂ&- dvjetLamheddia angturdtd. idéntifp iérocts actirte ngbt o cl ai m
46, wherein the objects store, data that describe at least a start
position and whereip dorpuiag the datasERCtIRCORPHFSs pondi ng set of connect ed

pixel's w thi ngeidiinifl Ped & pifdd RaShlfi&F Tpixel connection threshold in the X domain

so as to define segments;

resolving line to line whether connections exist between segments in a Y domain
corresponding to the direction of web movement; and

storing information within one of the objects of the data structure to describe the sets

of pixels upon resolving the connections.
47. A method according to claim 46, wherein the objects store, data that describe at least

a start position and an end position for the corresponding set of connected pixels within the

digital data stream.
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