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Various attempts have been made to automatically inspect optical films, thereby

improving defect detection capabilities and reducing costs when compared to manual inspection.
While some have been successful, one difficult issue has been the inability of automated systems

20 to detect caliper change defects that manifest themselves as subtle flow patterns in the film,
Further, the detection of different types of defects generally requires more than a single optical
configuration. For example, to detect scratches, flow patterns, and debris may require two or
three optical configurations along with associated processing electronics.

Conventionally practiced web inspection systems generally incorporate line scan

25 cameras that are capable of detecting scattering defects such as scratches or surface particles.
The line scan cameras are configured with dark-field optics in either reflected or transmitted
mode and are capable of detecting the noted defects. However, this single configuration is not
sufficient for detecting refracting defects or embedded particles that do not distort the surface of
film.

30 Laser scanners can be configured with multiple channels in order to be sensitive to all
defects at the same time. Basically, this is the same as having multiple systems, one for each
channel, which increases the system complexity and cost. Also, laser scanners are large,

complex electromechanical systems that are expensive to implement in production



film 30 Laser scanners can be configured with nmultiple channels in order to
be sensitive to all defects at the sane tine. Basically, thi SZiBSSErP pggsane

as havi ngwgididseise systens, one for each channel, which i pgra&sssdIhe
system conpl exity and cost. Al so, |aser scanners are |large, conplex

el ectromechani cal systens that are expensive to inplenent in production 1 2
6 S E P 2006 WO 03/085389 PCT/ US03/ 02979 environnents. Laser scanners are
al so di f f émsirohmests.r Laset stapaetodrt also Hifficilns pacin parallab firiicpedtonspplicagons i ng

extrenely high resol ytion across w de webs, Another imaging technique is
referred 8" '§’g§étllﬁ’q‘eg¥hﬁgirm&%ﬂﬁ?aﬁi%‘\é}%g&%i que is generally useful for

measuring var i ghétAerSmaging tehniqed ic aefbrratero ial sleieish imbging ThiitdhdRjue /St em  The
5 techni que detects jnhonobgeneities wthi an a. neégd qm_ttgly det ect i n:% t he_ener gy
r ef r act edByrAl AEcTpbior mersupRe FHRtiRRYR ihs rea oK R RNGY 741 P5)- rs.

Schl iser ene iRGhd Ghtdcs iHRIMSIgBhditesUpiftn 2 R¥Qfund B Etdlking MRGASgYdacl-albgenhbj ect s.
The systemis not suitable for filminspecti'on because it is only capable

i f det ect pergor hbthg aedium niyehiehethe inbpinggeneiiy escust. Ichierpp naging ip genesallyaiseé
advant age Lde. LGl e.d i . ' -+ 10
detecti ng%ﬁf”&@%@’#ﬁﬁg‘%{@ efcéghtrﬂgﬁ ea %?%ﬁ%pgifggmo ﬁféegﬁgrgﬂée?gg{e l%i | s.
It woul d #lonly dpalde if detboting dgegds in the refcictiveindacefi thgmedibsit r uct i ng and

scattering defgcts, with a single inmagin confiquration.. Sumar f Athe
hventt on 15 ety Rl e dipeit PR ikbdhod e Ao BB e and
met higd f odetel@ingGhd Geantidnnnailfees: eidalqitaitttids\of Ggnsprehicilins pItopild 4165 bofn
t ranspar eg{in nmedi a. . The present inventi 8n suyperinposes, either optically or
el ect r oni 8dHentpge i defeghietragtis, Phsfyeteand sradterngdaferds with 2 spgledmpging or der to
obtain optdfRirdibererties of at a least a portion of the transparent medium
In one enbodinent, the nmethod for characterizing the optical properties of a
transparent 20 nedia includes transmtting |light froma point |ight source
two tines through the transparer@mmgﬁgiolflme I;nyﬁtibi ght is directed through a
|l ens onto a detector array to f | e

15 The present invention is directed to an imaging apparatus and method for detecting

anomalies and quantifying optical properties of transparent media. The present invention
superimposes, either optically or electronically, at least two images oft the transparent media in
order to obtain optical properties of at a least a portion of the transparent medium.
In one embodiment, the method for characterizing the optical properties of a transparent
20 media includes transmitting light from a point light source two times through the transparent
medium. The light is directed through a lens onto a detector array to form an image of the
transparent medium. At least one converging mirror is utilized to direct light to a point at a
position substantially near the optical center of the lens. The image is then analyzed using
conventional anal}"tical techniques to characterize the optical properties of the transparent
25 medium. Preferably, the combined distance between the point light source to the converging
mirror and from the converging mirror to the detector array is about four times the focal length
of the mirror. .
In another embodiment, a method for characterizing transparent media involves
superimposing two or more images of a transparent medium wherein each image is generated by
30 reflecting light emitted from a point light source off a converging mirror. The light converges to
a single point substantially near the center of a leps. The light is transmitted throngh the
transparent medium ejther before or after reflecting from the mirror. Two or more images are

formed, each having unique focal planes, such that one of the unique focal planes corresponds to



transparent nmedium At |east one converging mnor is utilized to direct
light to a point at a position substantially near the optical of the
l ens. Theyd BESsdes t hen anal yzed using conventional anal ﬁ%@@ ques
to characterize the optical properties of the transparent um
Preferably, the conbined distance between the point |ight source to the
converging mrror and fromthe converging mrror to the detector array is

about f otHe ttahspagent mediueC athe iags hay bk sﬁﬂbﬁnmoﬁddahmugmthan@etch&rm@lﬁ)leﬁﬁ sBet, a
net hod for, characterijzin

_ tr ar ent i hvol ves ng two or

Tor e’ g dgep ey, ety el WAL EL e HAGETL: GEerated by 30
refl ecti Bgpatatcdditec@fiatrh@dladd @Ot @rddporiding sighls fEMthe Qet@tbr Arag9 BURFiBIPBLIM 1 Or .
- The 1ight converges to a single point substantially near the center of a

| ens. Theleptogtallys transnitted through the transparent nedi um either before

o or after refl ?Hééﬁibgraﬁfs%mﬂe%s%tﬁﬁ%noﬁr%eﬁ'ﬂ YRR APERSIighE k Sourdedbed, each
" havi ng uni que focal planes, such that one o? the uni que tocal planes »

correspoﬁarssn’el@mg ligyeh e85 SRGPEET) BN 02 9MDETBNE M isripwged fonteflegtiicum  The
| mages t?l Vgﬁf ?&iltoﬂgﬂaﬁ”g&%%eaﬂ&ﬁeo“ﬁr a%g&d‘% &bLt%ﬂ?augrgEé%t & detector

array. I mages may st n enses W th
separ at e oﬂk&taéoﬁm:ﬂr oﬁthedqm, Aadetectan array)rene’sq:smndmag: oy ﬂml lensf Thmirmhége islet ect or

vt o RRTa SRR Ee e Furtineplr rRBRTEE B tpraReRIEI Y 11 ght

t hrough a traAgpekead emnbstiitiont oAthe appestgd dSlgthT]m‘eEemfmwaltiohavpedﬁq:oﬁ@ﬁwbef| ecting
the light back thr 0 a point at a position

Lou h the tr H‘Eaﬁfnt medi un‘l

subst ant T4FF JRagERT! & FrOSPESHRE ey CEPPPRIE S udpT e ORMpEs IMAgHE SYTTY
recei ves Fagh sydRGehak b oint h%t's@lﬂ@e fof RendnTRAE light thrbM ym@pmnﬁﬂemhwa ng
device to determ ne opt.i cal erties of said transparent medium, 10 A

pr ef er r e QORVSHENRE MEFAT pssrltl@rh?é Safa E?taltghgff‘éiﬁ thepoig dighlesbrce RYBISEESH I SRAET i nposes

two or  EMBnliRORS: QEen?erfoE%P%Pa%%ﬂ&ns”%daédé&orm%y RARAERHYS tHeApptslGS cpne Or
mor e i magli ng systens Each system has a point |1ght source for transmtting

light t hrmghlgantlmamfy@mélmlemﬁeaaglmam gﬁnel@tﬂa\aenrgagﬁgndrﬁaohomagﬂmsmmned such
| O B e 5 RS AR B850k BB 21
- appar at us f or The embodiments of the present invention are capable of characterizing optical
: characteristics in the transparent medium such as, for example, defects, non-uniformities, and
variations in clarity, optical density, or diffusion. Preferably, the method of the present
20 invention is capable of detecting optical defects including refracting defects, scattering defects,
and obstructing defects with a single configuration.
For purposes of the present invention, the following terms used in this application are
defined as follows:
“web” means a sheet of material having a dimensional width in one direction and
25 indeterminate length in the orthogonal direction;
“converging mirror” means a mirror configured specifically such that light emitted from
a single point is directed back to a single point after reflection from the mirror surface;
“imaged line on web” means a portion of the web which is currently being imaged onto
the detector array;

30 “point light source” means a source of electromagnetic radiation with the physical form

of a single point;

“beamsplitter” means an optical device that uses a mirror or prisms to divide a light

beam into two or more paths;
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15 FIG. 1 is an isometric view of one embodiment of the present invention;

FIG. 2 is an isometric view of the embodiment of FIG.1 in an unfolded array;

FIG. 3 is an isometric view of another embodiment of the present invention;

FIG. 4a, and 4b are images of a various types of defects that may be detected through use
of the present invention; and

20 FIG. 5 is an isometric view of an alternative embodiment of the present invention.

While the above-identified drawing figures set forth one embodiment of the invention,
other embodiments are also contemplated, as noted in the discussion. In all cases, this
disclosure presents the invention by way of representation and not limitation. It should be
understood that numerous other modifications and embodiments can be devised by those skilled

25 in the art, which fall within the scope and spirit of the principles of the invention.

Detailed Description

The present invention is suitable for determining optical properties of a transparent

30 medijum. The invention provides mechanisms for superimposing two or more images of at least

a portion of the transparent medium. The images are superimposed either optically or
electronically in order to determine the optical characteristics of the transparent medium.

FIG. 1 depicts one embodiment of the apparatus and method of the present invention. In

‘general, the imaging system 10 is suitable for imaging optical properties of a transparent
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The | i ghtrarisparbutaunesiinrt 12 dntilfirefigdts frve the @nspgngmiirmetl. urhel2fled light passes
conl\ger 9 DRk through web 12 for a second time and converges to a single point. In accordance with the
present invention, the point at which the light converges after reflecting from the .converging
mirror 18 is a point substantially near the optical center of lens 22. An image of the web is
provided by the detector array 24 from the light passing through the lens 22.
The present invention is suitable for imaging optical properties of a transparent medium.
20 A transparent medium may be any material that is capable of allowing at least some
transmission of light with no appreciable scattering or diffusion. Preferably, the transparent
medium is selected from polymeric films, glass, coated films or coated glass. The transparent
medium may be preferably provided in either web form or as discrete parts. In the case of web
imaging, the web may be traveling at a predetermined speed while the present invention is
25 providing images of continuous segments or an imaged area of the web as the web travels
through the area highlighted by the point light source. ..

In the manufacture of transparent media, such as films, it is generally desirable that the
medium’s optical properties be substantially uniform. Unfortunately, the manufacturing process
may infroduce undesirable optical properties in the transparent medium. For example, optical

30 properties of the transparent medium may involve such characteristics as defects, caliper, non-
uniformities, clarity, optical density, diffusion or combinations of these noted characteristics.

The present invention is capable of imaging the transparent medium to determine variations of

one or all of the noted properties from a desired standard.
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20 the present invention.

A converging mirror, employed in practicing the present invention, is configured
specifically such that light emitted from the point light source is directed back to a point after
reflecting from the mirror surface. Preferably, the converging mirror directs light to a point at a
position near the optical center of the lens. The converging mirror may be converging in at least

25 one dimension and preferably two dimensions. The type of converging mirror employed affects
the imaging system’s sensitivity. Certain forms of transparent media and specific types of
optical properties require higher quality mirrors in order to appropriately image specific optical
properties. Those skilled in the art are capable of matching mirror quality to achieve the level of

« imaging needed for specific transparent films.

30 In an optional embodiment, the present invention may also employ flat mirrors to fold
the optical path, thereby drastically reducing physical space requirements for the inventive

apparatus.
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poi nt after
- length. Figure 2 shows the two light paths unfolded. Typically, the distance from the point light

source 14 to the mirror 18 is equal to the distance from the mirror 18 to the center of the lens 22.
However, the distances may be slightly unequal while still maintaining good convergence as

20 long as the total distance remains substantially close to four times the mirror’s 18 focal distance.

When aligning the optical components, it is useful to use a laser diode in place of the

point light source 14. A typical alignment procedﬁrc with the preferred embodiment is as
follows. First, roughly align the beamsplitter 16, converging mirror 18, lens 22, and camera 26
using conventional methods such that the center of the camera 26, lens 22, beamsplitter 16, and

25 converging mirror 18 are coaxial. Also, position the point light source 14 and lens 22 so that the
total distance between them is 4F as described above. Next, using the laser in place of the point
light source 14, fine-tune the beamsplitter 16 position unti! the beam exactly impacts the
mirror’s 18 center. Next, adjust the mirror 18 such that the laser beam travels back through the
center of the beamsplitter 16. Next, adjust the camera 26 such that the laser impacts the center

30 of the detecting array 24. At this point, replace the laser with the point light source 14 and
adjust the lens 22 position, forward or backward, so that the light converges substantially near
the lens 22 center. Finally, adjust the camera’s 26 position forward and backward until the

detecting array 24 is fully illuminated by the light as it diverges from the point. It may be



reflecting fromthe mrror surface. Preferably, the converging mrror
directs light to a point at a position near the optical center gf $ﬁe hbens.
The converging mrror may be converging in at |east 25 one di nensio w
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i nclude either one-d |ona t wo- di nsi arra a charge
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source 14 JG%C&)?QT\]/Taeyr&-i wnl%cﬂircrs{d%s mlc8am%pad46f M8 § Q)?em@llﬁcg the sﬁua?ion where the light
rays, when placed at the focal point of a parabolic mirror, impacts the web in exactly the same
manner, are reflected from flat mirror, and travel back to the converging mirror where they are
20 again converged to a single point in the center of the imaging lens.
The imaging resolution with this embodiment depicted in FIG. 3 is highly dependent on
the specific implementation. Typical resolutions useful for web or piece part inspection may
range from 20pm to 1mm as imaged on the detector array. However, the method is capable at
resolutions as low as 100mm or as high as 1pm. The only limitations are the size and accuracy
25 of the converging mirror combined with the number of pixels and sensitivity of the sensor array.
The image resulting from preferred embodiments actually consist of two superimposed
images, one from each light pass through the transparent medium. As shown in Figure 2, the
imaging plane of lens 14 is usually equal to the plane of the second pass. Thus, the first pass
through the transparent medium 12 will not be in focus relative to the lens 22. The image
30 depicted in FIG 4a shows the relative contributions from each of the two passes. The first pass
52 accentuates subtle refracting defects 54 and is most effective if it is out of focus. The second

pass 56 is then most sensitive to the light scattering 58 or obstructing defects 60.
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In an altcmatwe embodiment, the images of the transparent medium may be
superimposed electronically as opposed to optically. There are numerous alternative
embodiments capable of producing similar benefits through the combination of independent
single pass imaging systems, One such embodiment is shown in Figure 5. In this case, the first
system 70 uses the focused lighting with the lens 72 focused in the plane of transparent medium
78. The focal plane of lens 72 is depicted by arrow 84. This corresponds to the second pass
from the preferred embodiment. The point light source 74 is directed to a converging mirror 76.
The light is reflected from the converging mirror 76 through transparentmedium 78. The light
passing through transparent medium 78 is directed to a point on the lens 72 substantially near
the optical center of the lens 72. This provides a first image on a detector array 80 located in
camera 82.

The second systemn 90 uses the focused lighting from with the lens 92 focused before the
plane of transparent medium 78 and corresponds to the first pass from the preferred
embodiment. The focal plane of lens 92 is depicted by éu‘row 104. The point light source 94 is

directed through transparent medium 78 to a converging mirror 96. The light is reflected from

ng



i mge the optical prQerties of transparent nmedium 32. In this P?@@
point light source 34 is 10 positioned relative to the converging E‘n r 38
such t hatwalgsokizght rays will be reflected in parallel. Thpgritsesiglesred to
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to converging mrror 38. The converging mrror 38 reflects the light in

par al | el thheayglgintgminopaé tre poietdinihe BAs 92 sbsiantilly raar therapfesd] centea ofithe leflse

i ght refd,e 1 r d 15 back

t hr ough tdr’)a(r;i[tsh?sagrré‘(r?l?} < %ﬁ’&{&q%,&é?}}e ?%%{t(grc? r%?c%ﬁq@goggt\ég%‘%%ﬂré ézreor 38 and fl at
mrror 48 to 'HlmnmagbZQutﬁ[mﬁohﬁhsqumescmriadegs&hl@@)auecﬂwln supsrgepdsédit 1 s t hen
converted,t trl cal | s t ect or art 4 whi c resi.des,in
canor o actcppriert BaRmpiri b dBe oS TSt heR R e B eS MR

pl aced atcohipetefrmmh mRfiph digital anppactaRAdls 6 dédicarl dyadiPiagdes prdtessiipthatdwayact | 'y
the sane _manner, are reflected fromflat mrror, and travel back to the
conver gi nf erﬁ“P?rH?PWFg’r“@gF REhe gptical ehnragienisios fibsirasrarens meddim, 4§ way fepidei

the cent e;sm&fssemﬁnﬂm&fhagdek&fb%d inl{he fézalaad%ﬂoaﬁﬁénwAﬁanyﬁ\kfbn{bhaﬁle%fgtg@ém ment
depicted in FIG 3 is &gndent on the specific inplenentation.

Typi cal rasdkatdescohed WE@TQ&P%? wrFlgeb pewvidsiagesirgshlevel ohHerdlitiboecensy twe ahge from

20mto 1ng V, thod is capable
at r esol ut ongé gggjﬁﬁvr\é%%gﬂ? ?)%111 ge?}t gi‘nf%we Yo cA_ll%”%s‘%“%%%%@y limtations
ar e l0he si ze ditdmabe ubmydlzﬁoanfe oﬁthecgmmt giingples of dre prosdst mewntvn hnd te
nurmber of Qc%,e)ael Sdne,‘galgl nc%i VI trhx el slqltleh'iei @?ssg A2 Xdllge%?gn%chengethé %%.rlilcl)tl ng

from prefperr aet U consi Wwo “sU ose I mage one
from eac hnbdlgbdnopass WHidsmui@hptebalttmmpﬁrlermsdmdhlum Tmefsfeovmb iscopki @Utl@ 2,

the 1imagin ne.of lens 14 gual to th f the second
pass. | Thovetie SR Ehe BRES! crfy e oifte FaiSser vt viels BRED wi 1| not be i n
focus relative to the lens 22. The image 30 depicted in FIG 4a shows the
relative contributions fromeach of the two passes. The first pass 52
accentuates subtle refracting defects 54 and is nost effective if it is out
of fldcus. The second pass 56 is then nost sensitive to the light scattering
58 or obstructing defects 60. 8 2 6 S E P 2006 WD 03/ 085389 PCT/ US03/ 02979
By superinposing two i mages through alignnment of the two imagi ng passes,
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skilled in the art can realize the benefits of the two individual inmages in
a single image, thereby sinplifying the inmge processing and ?@;ﬁﬁﬁﬁ i ng
positional accuracy for interpretation of the optical propert f“*he
transparent nmedium The inmage depicted in FIG 4b shows a 5 superposition of
the two passes described in FIG 4a. It effectively captures the high
frequency conponents related to small scattering defects 62 or obstructing
defects 64, such as scratches and particles, while also providing a strong
optical signature for subtle refracting defects 66 such as polymer flows or
cal i per w b&ﬁ@kﬂﬂ%ﬁi@fter an image is captured, it nust be analyzed to
provide intormation about the optical 10 properties of the transparent

medi um such as, for exanple, defects. There are a variety of conventional
nmet hods tb Ahededdot darictrigmgtatraxparat medivpg esmpuising at i ons. For def ect
detection, passible, nethods, include, but are not Iimted to, spatial or
frequency basd® tfanﬁwgmgghtcfmé'hﬁawebﬁgw ARMrER UL ECs 1Brquglhedid Bynspateahsi t y

llevel t hrgsdighdhd theh @Bl gk eA€ohtB @ defB@L arrd foGbrPh BdfekFAltioRdf tws SHERL | onal
bl ob anal ysis can be perforned to extract and anal yze the defects. For

uni f or m tiynages ofsaid yranspareng mediint, Méeesin atdeast pnetdonrgrimp arigrondirestlighetoger f or med
to quanti -1 abi | f I b, .
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| evel i s fquent dffiheeithdghs cuglapdrids 0 theargnspgrenembdinngend t he results can then be
used to inproyv and. contr.ol the, manufacturi rocess t.0 increase and

mei ntain i gh (BLERMERE Al MeEe reharcries ontice! RTaPeHERY AN SRR PRAGES of
the transparent medi um may be 20 superinposed el ectronically as opposed to
optically. There are nunerous alternative enbodinents capable of producing
simlar bentmethpdiaseasdigh te plaing bnwshareinisaid optical pepppdiss Estudsidaigris, ¢dipe. i nagi ng

systens. € ” | o 3 { i B I case, the first
systen17d&ﬂggﬁgﬁﬂgﬁgggﬁgggﬁbf%aféﬂgﬂﬂﬁ?ﬂmfﬁgﬂﬁeﬁgnQEQ?%%ﬁﬁed in the plane of
transparent nmedium 78. The focal plane of lens 72 is depicted by arrow 84.
This corrgsponds to the second, pass .2 romth eferred enbodi nent. The
ot nt 11 gtk SBiRdecsde WFRRE aahT e debbR e ule B RO G (CoB SCRE | gne | s
ref | ect ediefdc@Mbbn@cE ®FE@ HEoMbina@bnsleledf OUgh transparent, Medium 78. The
|l ight passing through transparent nedium 78 is directed to a point on the

| ens 72 substantially near the optical center of the lens 72. This provides

a first 14896 BdAcdRling tOLaf | A¥hE0n HRCRhRhddistSRIBERVERR the point light

source to the converging mirror and from the converging mirror to the detector array is about

four times the focal length of the mirror.
5. A method according to claim 1, wherein a beam splitter is utilized to align light so that a
first pass of light from said point light source through said transparent medium is co-axial

with a second pass of light from said mirror through said transparent medium.

6. A method according to claim 1, wherein said point light source is selected from apertured

lamps, fiber optic light or light emitting diodes.

7. A method according to claim 1, wherein said transparent medium is polymeric films, glass,

coated films or coated glass.
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30 The second system 90 uses the focused lighting fromwith the |l ens 92
focused before the plane of transparent nmedium 78 and corresponds to the
first pass fromthe preferred enbodinent. The focal plane of |engf%EPiE
depicted by arrow 104. The point light source 94 is directed through
transparent nmedium 78 to a converging mrror 96. The light is reflected from
9 26 SEP 2006 W 03/085389 PCT/US03/ 02979 the converging mnor 96 to a
point on the lens 92 substantially near the optical center of the lens 92.
This provides a second i mage on a detector array 100 |ocated in canera 102.
The | mageg O4tRifod dcBRdldo bin CHAGEATMALAGNS: £y i IR-AEnliBRN oPHRE' | MPOSEd
electronically 1n a contining device 106. n- |K\t|ng exanpl es of conbi ni ng
devi ces i divlepdenal5 conputers with nultiple digital input channels or

dedi cat ed dyadi c i mage processi ng hardware. The superinposed i mage of the
optical characteristics of the transparent nedium 78 nmay then be processed
simlar to AhadthsteaesidigdoichimhhewhéeihahidatagiRadaliatusiny fileriRg! lve

enbodi ments such as that described with respect to FIG 5 provide a desired
| evel of #MabRispihrssholdpigos gambingkonsithergrsy e i nagi ng systems can be separately
configured to enhance desired features. 10 Fromthe above di sclosure of the
general principles of the present invention and the preceding detailed
descri pti th, Anethed askirdingdo chaino hj Surthertcowipriking édedtifyynglongroak efidne drenarar i ous
nndificatiqq)séo W@{ch th% rgsent invention is susceptible. Therefore, the
scope of TRE™ PHFEhFTERAENIATE Be 1imited only by the fol | owi ng clai ms and
equi valents thereof. 15 10 2 6 SEP 2006 What is clained is: 1. A nethod for

characterizing transparent pediu conprising (@). transmtting light from
a poi nt Iiéh‘g rr?%rdcaécqr Bilp ﬁlégmtl#Pghawowlamsﬂaﬂégﬁpgﬁf’ﬂc%@wwa 3dhen
through agifpsefMQi@ndetector array to forma superposition of two or nore

i mges of sald transparent nmedium wherein at | east one converging mrror
directs light to a

12. A method according to claim 1, wherein said transparent medium includes webs or
discrete parts.

13. A method according to claim 1, wherein said defects are one micron or greater.

14. A method according to claim 1, wherein said detector arrays include CCD, CMOS, or

photodiodes.

15. A method according to claim 1, further comprising adjusting processing of said

transparent medium based on said optical properties.

16. A method according to claim 1, wherein said light impacts said transparent medium in a

telecentric manner.

17. A method for characterizing a transparent medium, comprising
(a) passing light from a point light source through said transparent medium onto a

converging mirror;
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point at a position substantially near the optical center of the |lens, and
wherein the focal plane for one of the images corresponds to theZBSEP Zl?[]ﬁ
transparent nmedium and (b) analyzing said image to characterize optica
properties of said transparent nmedium 2. A nethod according to claiml,
wherein said optical properties include defects, caliper, non-uniformties,
clarity, optical density, diffusion or conbinations thereof. 3. A nethod
according to claim2, wherein defects include refracting defects, scattering
defects, obstructing defects or conbinations thereof. 4. A nmethod according
to claim1, ] ; ' ' - ' | ght rce to
t he convergi w&%%%??gﬁﬁg%?@ @%@‘h@?&%@?‘&%@%@?‘%gﬁ} %(?d[ ﬁ%ﬂshéel?@cn?%@ﬂgr ray

i s about ardabmough arkems bhite af detsstor lasrayg tohfooh atshygerpositioaref tdo oAmet inedeantcaiddi ng

to claiml1, wherein.a beam.spljtter i.g utilized to align light . .so that a
11t pasEinsPrrT i JHrHn BEBGTHD Sl gHOR VTR Ko AP HHEns par ent
medi um i ssubSaidii}neatthé Bpticab QHRRAGf BRIEsOAnd! WikHin farfedl RS fdFlohé BF the hr ough
said transparent nmedium 6. A nethod according to claim1, wherein said

poi nt | i giftageonrieepdngs tethe treesparepomedipa; tidked | anps, fiber optic light or
light emttin ' Ly 0r -al : ' '

t ranspar ent rrggi?%n%ﬂ??gp%[dylﬁe@g?E:Oh‘%gfa%eﬁ%&atg gl 'Srgg%{al?ge%?# fdlt%%‘?&n@g‘%’? fél ‘gl ass.
11 2 6 SEP 2006 8. A nethod according to claim1, wherein the detector

array is e- di si.opal or .two dinensional. 9. A method according to claim
1 wher o [P A TORRS Ehiectielf S AR R N P TSS ob anal ysi 5,
t hreshol di ng Gupeafipisial tivdns midi€ irfdies oldirandparehiAeting aveelimgach amegedik M 1,
further conprising identifying |ocations of one or. nore defects on said
t r anspar egfnesgtsdibyrreflecting kg ted Hememeim dishioarcsifipma conyergieg mimisushsi ng
quanti Tyi fg RPfibth bn AR5 biskgleHoirt JtktantibRPCRAR H VendBGH 4/1hs with ¢nod
according to cfléo\lﬁm !1 r%erefnifgogﬁt ranasnpla?)Qnt FTE&I ?Jm ?ﬂncl usdeg 3\/@1 gglﬁ)r
transmitting through said transparent medium either before or after reflecting from the mirror,
wherein the lens is focused on a plane correponding to the transparent medium, and wherein
the two or more images are formed, each having unique focal planes, such that one of the

unique focal planes corresponds to the transparent medium.

19. A method according to claim 18, wherein, the images are superimposed through a single

lens onto a detector array.
20. A method according to claim 18, wherein, the images are formed using two or more
lenses with separate detector arrays, and signals from said detector arrays are superimposed

electronically.

21. A method according to claim 18, further comprising analyzing said superimposed image

to characterize optical properties of said transparent medium.

22. A method according to claim 21, wherein said optical properties include defects, caliper,

non-uniformities, clarity, optical density, diffusion or combinations thereof

13



di screte parts. 13. A nethod according to claim1l, wherein said defects are
one mcron or greater. 14. A nethod according to claim1l, wherein 3315?
detector arrays include CCD, CMOS, or photodi odes. 15. A nethod %1 owl}ﬁg
to claim1, further conprising adjusting processing of said transparent
medi um based on said optical properties. 16. A nethod according to claim1,
wherein said light inpacts said transparent nmediumin a telecentric manner.
17. A method for characterizing a transparent nedium conprising (a) passing
light froma point |ight source through said transparent nmediumonto a
conver gl ngs M fetod alj:gcigging to’sﬁﬁ’m’-ﬁ’ﬂ‘%vcheﬁé?ﬁ defeil fiehdl %A}dcﬂh%d%}%&ﬁ] sé?cleﬂn%
converging mrror back t rough sai d transparent medi umand throug | ens
onto a dedefestsppbsructiyg defedipomombingtienpibsieef.on of two or nore i nages of said
transparent nmedium wherein light fromsaid mrror converges to a point at a
position substantially near the optical center of the lens, and wherein a
focal pl ane A ecttedacairdino claiff o Svieedin &8d M it snalyred usiag siftere) blobedi um
and (c) analyzing said image to characterize optical properties of said
t ranspar earwlya'édhm%hfﬁdlfs.orAorn%wmséheriqfar acterizing a transparent nedi um
conprising, superinposing two or nore imges of a transparent medi um wherein
each inmage is generated by reflecting light emtted froma point |ight
sour ce fr¥mamsthedeceirdigg o elaionr 2k fetther comprisingquangfiting opticel preperties of saidngl e
poi nt subt%;n ntrénqll i near the center of a lens with said light transmtting
t hr ough sai P raﬁ'?seéar ent nmedium either before or after reflecting fromthe
mrror, wherein the lens is focused on a plane correponding to the
transparﬁ? medi ugl ang, wherein the two or .nore inages are formed, each
havi ng umfQueMFBRAICHIrdng 4o claine h8-dtidher gprapiting HlustingipERresHRgisaldl anes
cor refSpoﬂ%sﬁﬁeﬁt%dwnﬁﬁéééé'bﬁ@&id'EEﬁ'éa‘l‘B}o d@ics,A met hod according to claim18,
wherein, the inmages are superi nposed tﬁrough a single
27. An apparatus for detecting optical characteristics in a transparent medium, comprising
(a) a point light source for transmitting light through said transparent medium;
{(b) a converging mirror for reflecting said light back through said transparent medium
and to a point at a position substantially near the optical center of a lens;
(c) a detector array for receiving an image from said lens that represents a
superposition of two or more images of said transparent medium and wherein a focal plane for
one image corresponds to the transparent medium; and
(d) an analyzing device for analyzing said image to determine optical properties of

said transparent medium.

28. An apparatus according to claim 27, wherein said optical properties include defects,

caliper, non-uniformities, clarity, optical density, diffusion or combinations thereof.

29. An apparatus according to claim 28, wherein said defects include refracting defects,

scattering defects, obstructing defects or combinations thereof.

30. An apparatus according to claim 28, wherein said defects are one micron or greater.
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|l ens onto a detector array. 20. A nethod according to claim 18, wherein, the
images are fornmed using two or nore |enses with separate detect%r fgrﬂ%é’
and signals fromsaid detector arrays are superinposed electroniéﬁ F&. 1.
A nmet hod according to claim 18, further conprising analyzing said
superinposed image to characterize optical properties of said transparent
medi um 22. A nmethod according to claim 21, wherein said optical properties
i ncl ude defects, caliper, non-uniformties, clarity, optical density,

di ffusion or conbinations thereof 13 2 6 SEP 2006 23. A nethod according to
claim 22,,wh I f 1 ncl t . . ter| efects,
obstruct i3nlg ‘ﬁ{eﬁé%{agﬁoar%g%g%?%g@ﬁ‘g%2’%%@%@%&9“%3@ 8%%%{%§§$d§%8%¢£ gflmgg to claim
18, wher endadisaibdsddromgeaidi defamal yzed using filtering, blob analysis,

t hreshol di ng or conbi nations thereof. 25. A nethod according to claim 21,
further conprising quantifying optical properties of said transparent

medi um 20, Ah fphRad R66aMdItHBlal? 27 veRid the doHbiMAIditMHIP bhiSleB RGPSt | NY
processing of said transparent nmedi um based on said optical properties. 27.
An appar atahs squase tadheeonverginggniriea pndfiem e eomverginggnirter b the defspiar &gy isredi um
conpri si i i r transmtting light through said
transpargﬂ?uﬁggﬁﬁﬁgg%g%x%l%oéeéfg%ﬁgnﬁgrror for reflecting said |ight back

t hrough said transparent medium and to a point at a position substantially

near the gptjcal center of a lens;_ (c) a detector array. for receiyj an
mage. {1 ot <l SPPREHS Erpifinedy PEURAL el iRt hehn Rl nalEh el nages
of said tgangRIraPassEdighnTramdaidiRiRiiBhisofiRe MroBdhedad frisparemend JRE & co-
corresponds to the transparent nediunm_ and (d) an anal yzi ng device for

anal yzi ngf*&amdthiapgeendingsyeltlighhdram saidimiciar thpughesaid teapspifrent spgdiior.r anspar ent
medi um 28. An apparatus according to claim27, wherein said optical
properties include defects,

34. An apparatus according to claim 27, wherein said point light source includes apertured

lamps, fiber optic light or light emitting diodes.

35. An apparatus according to claim 27, wherein said transparent medium is polymeric films,

glass, coated films or coated glass.

36. An apparatus according to claim 27, wherein the detector array is one-dimensional or

two-dimensional.

37. An apparatus according to claim 27, wherein said image is analyzed using filtering, blob

analysis, thresholding or combinations thereof.

38. An apparatus according to claim 27, wherein said analyzing device identifies locations of

one or more defects on said transparent medium.

39. An apparatus according to claim 27 wherein said transparent medium includes webs or

discrete parts.
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caliper, non-uniformties, clarity, optical density, diffusion or

conbi nations thereof. 29. An apparatus according to claim28, wherein said
defects include refracting defects, scattering defects, obstrugsﬁp gtﬁf ects
or conbi nations thereof. 30. An apparatus according to claim 28] er2 n
said defects are one mcron or greater. 14 2 6 SEP 2006 31. An apparatus
according to claim?29, further conprising processing said transparent nedi um
based on said defects. 32. An apparatus according to claim 27, wherein the
conbi ned di stance between the point |ight source to the converging mrror
and from tjhe, convergin irror, to,the detectqr array is .a f times
the 1 ocal 40 anETAGH Reorineid patd 3 e S8 o0 M Tpet LRy Gy
further camphoiodiodgs.a beam splitter to align the light so that a first pass
of light fromsaid point |ight source through said transparent mediumis co-
axial with a second pass of light fromsaid mrror through said transparent
medi um 34 ANapRRAIHHRdAGIOLAIN 7 [herdiR kAT At WPRES A 8BhPaRkR Mbdililhght
source includes apertured “lanps, fiber optic light or light emtting

di odes. 3Batglpceapsanangs according to claim 27, wherein said transparent
mediumis polyneric films, glass, coated filnms or coated glass. 36. An
apparatus according to claim 27, wherein the detector array is

one- di men&. ckradpparatustfaosupkrimpssign@to ordore Anagep pha atnspa@acmediumg t o cl ai m 27,
wherein said image is anal yzed using filtering, blob analysis, thresholding
or conbi rAMPEYEt hereof . 38. An apparatus according to claim27, wherein

sai d anal yzi ngwgdey hfee inﬁi%'i}{g dysems]| QsitysRRPhAing PPAnQighiBERcIRF Relsthi@Rgsai d
transparent nmedium 39. An apparatus according to claim27 wherein sard

t r anspar dight Heelighra transpaneid snedetie, agonvelgisg mdtrer prgitioned 3@hahag lighraode

point light source converges to a point substantially near a center of an imaging lens, wherein
the lens is focused on a plane correponding to the transparent mediums and a detector array
for receiving an image from said lens, wherein each system generates an image, each image
having unique focal planes, such that one of the unique focal planes corresponds to the

transparent medium.

43. An apparatus according to claim 42, wherein, the images are superimposed through a

single iens onto a detector array.
44. An apparatus according to claim 42, wherein, the images are formed using two or more
lenses with separate detector arrays, and signals from said detector arrays are superimposed

electronically.

45. An apparatus according to claim 42, wherein said optical properties include defects,

caliper, non-uniformities, clarity, optical density, diffusion or combinations thereof

46. An apparatus according to claim 42, wherein defects include refracting defects, scattering

defects, obstructing defects or combinations thereof.
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40. An apparatus according to claim27, wherein said detector arrays include
CCD, CMOS, or photodi odes. 41. An apparatus according to claim27, wherein
said |ight inpacts said transparent nedium in a telecentric madrfeSEP 285 An
apparatus for superinposing two or nore images of a transparent medi um
conprising: two or nore inmaging systenms, each system having a point |ight
source for transmtting I|ight through a transparent nedium a converging
mrror positioned such that Iight fromthe point |ight source converges to
a point substantially near a center of an imaging |lens, wherein the lens is
focused ofy aspl Fatl%QJcE&E?rlEqb Q@irﬁ QZ,t\Dl?eréiflgﬂﬁ E’lﬂ%e% af el ’Ingingrﬁi’teﬂ?]g%ﬁo%‘?t or
array for recerving an rnage tfromsaid |ens, ereln’ eac ystenTgener at es
an i nage, anghsiy, threa@dingay corgbinatiege ¢hdfaadfal pl anes, such that one of the

uni que focal planes corresponds to the transparent nmedium 43. An apparatus
according to claim42, wherein, the inmges are superinposed through a
single lens onto a detector array. 44. An apparatus according to claim42,
wherein, the images are formed using two or nore |enses with separate
detector arrays, and signals from said detector arrays are superi nposed

el ectronically. 45. An apparatus according to claim42, wherein said optical
properties include defects, caliper, non-uniformties, clarity, optical
density, diffusion or conbinations thereof 46. An apparatus according to
claim42, wherein defects include refracting defects, scattering defects,
obstructing defects or conbinations thereof. 16 2 6 S E P 2006 47. An
apparatus according to claim42, wherein said inmage is anal yzed using
filtering, blob analysis, thresholding or conbinations thereof. 17
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