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METHOD AND APPARATUS FOR | LLUM NATI NG FI LM FOR

AUTOVATED | NSPECTI ON CROSS REFERENCE TO RELATED
w@RHBl1603d3 ON Thi s application clains the benefptT/062008/052314

U.S. Provisional Patent Application No. 60/890415,

filed February 16, 2007, the disclosure of which is

i ncorporated by reference herein inits entirety.

TECHNI CAL FI ELD The present disclosure is related to

mac hi METHQDANDakPP ABAS (h% FOR ULBUMINATFINGFILM FOR

illum nation of e. | . films so as to
maxi m ze the recog%pgiﬁﬂgghﬂgi@ﬁgﬁhggathCKGRCUND I n
recent years with the assi stance of capabl e conputing,

it has been possible to use automated equi pnment to
per form sGR@SSwREEEtREN\CEaHMIEMTEDrAPPbI@AW 10&qui r ed

L ned hunan ct hlne vi si.on” o
F ec i HLIeHETG CBERD I RoiedSohiss drakosas BHEMaABpaton No.
60)Q§t)b¢f5 tﬂTéd"Ee"orhz?&el 6beedy, e HBM%&’ME QF whieh isrlﬁ&ﬁ“g@ﬂaféﬂ W reference
webs of indefinite length material. Proper we

heteld mmsreatiragy t echni ques are needed for the proper
operation of machine vision systens. A particularly
demandi ng exanple is inspecting for surface defects on

structured optical fiTpeHMEALFIRNDIUE that has been
enployed is the so-called, "diffuse transmtted |light"

t ecHhe qm@.ent\/@iedom¢ rrgrelatesd lﬁlfacls'ee vismms pid tede pingihuliaﬂg for the
.HtechniquE with stru tuQed L) a dif " ¢
YGRS & r%% SFP‘E}W aPRiLa ms?t ?‘bcatsu diagimgige o?het ’ﬁ’éogm on o
an®phligal filmwth light frommany different angles

relative to the films surface. A camera, situated on

the non-structured side of the film is focused on the

iIlum nated area of thq%%gtﬂ} é&ﬁﬂDcertain types of

anomal i es pass through $ ated area, the

anomak&@est years with the assistance of capable computing, it has been possible to
use automated equipment to perform some inspection tasks that previously required a
trained human inspector. Such “machine vision” techniques have become more
sophisticated, and among other things have been employed for the inspection of webs of
indefinite length material.

Proper web illumination techniques are needed for the proper operation of machine
vision systems. A particularly demanding example is inspecting for surface defects on
structured optical films. One technique that has been employed is the so-called, “diffuse
transmitted light” technique. When using the diffuse transmitted lighting technique with
structured optical films, a diffuse light source illuminates the structured side of the optical
film with light from many different angles relative to the film’s surface. A camera,
situated on the non-structured side of the film, is focused on the illuminated arca of the
film. When certain types of anomalies pass through the illuminated area, the anomalous
regions may transmit light differently than non-anomalous regions of the film, and this
difference detected by the camera. Certain surface anomalies, such as scratches in the

film, may be observed by the camera as being brighter or darker than other areas of the

film.
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regions may transmt light differently than

non- anomal ous regions of the film and this difference
waoledosabeds by the camera. Certain surface anomaP¢EES$2008/052314

such as scratches in the film may be observed by the

canmera as being brighter or darker than other areas of

the fil m Another technique, the so called "far dark

fi elAdrothee dpeiingls, thes sqgeticd &faedask tfickfiokaghnigye t raesed to detect
i ght . Si fiel
on ORI R S by YR 45108 MRSl gl or o

lighth@iufceb h@hiladodl soshatpldir tifte fhild Whdnah Elrh 6 Pe adspebt@t atam angle to
angle to the line of vision of the camera. The canera
thapfing ofioiisien [of thesamera | dhe RREH Mk JWr@allly sess no dighy from these

n t ayl a ' -
ol OSSP ASFTEP IRHAES BRSO AN OHE DL DEnRRE 06 b
wilt dipht deSRattdiad tdwadstharcamseeso dat lflaghtad sagreas lighted areas on a

normalll;(/ dar k img The far dark field technique is

) e. i ) Soa
nogplly ek gnagpar khe fae darki figld rachaidne s 2 mprstonef dapkeideld gllymgination.
: | . ar |
SR 00k 1 AL el 60 BN 1§ e et
indiddnu therpddrecf theaaifao béihg HRnihhtadi nat i on t echni ques has
sonme, advant ages for. highlighting certain types

ypes of = . .
anofafh ekthese Hpmination deehpisiupsbas somerpgyaniggesordhighlighging certain
. h ' .det i i :
gERE, AEREFRS oh"FhichEaL SRR PR ek B0%0 e dcfifs thge rosic
detebtadn with bgdhbdi thg odenbf huseahethodcan be prepared t hat
conbines the diffuse transmtted lighting techni que
with at |east one further lighting technique as a
single station nonitoredg ﬁm]wg' e i magi ng canera.
In one enbodi ment, the further Ti1ghting technique is
t he Iff leas bdat Histowelretl thaghtiphghgsamfigeratibn caebt arapared that combines

o BTt BT ok PR o (Ut 0 o i s o
T T e R
lightfiigh teehhigee isithglfer doRr Hedhlighting beoore énkande denshogdments this
cortngl%ted t11 uer%l/ingtriOGn trecetl?nq(illlleymgf %%%E(?ebfjos more robust detection of anomalies than
either illumination technique alone. Instances of anomalies that are negligibly or
marginally detectable with either single approach may become enhanced such that they are
readily detectable.

In various embodiments, the invention may be directed to any or all of the
following:
1. A system for illuminating a transparent or semi-transparent structured sheet
material for inspection by an optical receiving device, said sheet material having a first
side and a second side, comprising:

a first light source directing diffuse light through a portion of the sheet material;
and,

a second light source directing light toward the same portion of the sheet material

concurrently with the first light source.
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In various enbodi nents, the invention may be directed
to any or all of the following: 1. A systemfor
wo bdognmigrat i ng a transparent or sem -transpar enPCT/US2008/052314
structured sheet material for inspection by an optica
recei ving device, said sheet material having a first
side and a second side, conprising: a first |ight
2. sourbe syitera cmbaginyn 1 xkerpinghg fisshpidagnd sccped ﬁlid@ Aregtructured.
the sheet material; and, a second |ight source
directing |ight toward the sane portion of the sheet
3. mat dhk akstedNEUEhestimynti , tohdrbig the s&tictuicdhdhestomb@Ealhas internal
The system enbodi nent 1, wherein the first side and
stra@eishd si de are structured. 3. The system of
enbodi nent 1, wherein the structured sheet materi al
has internal structures. 4. The illum nation system of
4. enb @lt marhindtionMiste@l of dnfitsddirmérgt], siheid the $irstwidcus eeuctdred.
The system according to any enbodi nent above, wherein
the first light source directs light toward the first
sid f . [ t r
5. Govi s yof FIGRnT T Bhy BlrooBfiftal 6o ff shiifin  GET e source

dirsétel & ghif tot)vlaﬁi slodrbt didd ef thalshedd maTéTBal Syngitteeropied reteiving device is
any enbodi nent above, wherejn the sheet material is a
Slﬂéattw@trmeé\f? light ffrom theispepnd pidepd ghassheetanitatidlor di ng t o
any enbodi nent above, wherein the structured optical
filmis a prismatic film 8. The system according to
6. any Tanbedementodbgve, adyusrbeiimentngbov s, wikreia thlishebt material is a
ght squrce directing light toward the sane portion
S“@ﬁmﬁﬂépgﬁ%é@ﬂnaterlal concurrently with the first
i ght source and the second |ight source. 9. The
system of enbodi ment 8, further conprising: a fourth
7. 11 giihe sgstemeacdbrddgd tongnyt embbddibrena abbvich evhesdife tixostiucdured optical

of. the sheet materi al
filmis a prelsrnat?c ftl

8. The system according to any embodiment above, further comprising:
a third light source directing light toward the same portion of the sheet material

concurrently with the first light source and the second light source.

9. The system of embodiment 8, further comprising:
a fourth light source directing light toward the same portion of the sheet material

concurrently with the first light source, the second light source, and the third light source.

10. The system of embodiment 9, further comprising:
a fifth light source directing light toward the same portion of the sheet material
concurrently with the first light source, the second light source, the third light source, and

the fourth light source.

11. The system of embodiment 10, further comprising:
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concurrently with the first Iight source, the second

light source, and the third |light source. 10. The
waeyasam7o3 enbodi nent 9, further conprising: ap€i/Usivos/s2314

l'ight source directing light toward the sane portion

of the sheet material concurrently with the first

i ght source, the second light source, the third |ight

soupBe or aric twahar dight wowrcgghdlirecsine dight fawargtbe syme @artsm of the

shefe'tﬂ%ﬁ %r{gf '%nclugfe ? r&lple{hecﬁ?ﬂp L%ﬁ’t' %%rc%n 9} Osrecéﬁgcfngg%gs{oltichgg the third

sources
hgb)tfsohft&% s eairthagie so@ke @mmlﬁﬂﬁﬁghtWOWCbh the first
| i ght source, e second light source, the third Iight

source, the fourth light source, or the fifth |ight

sou T r ' .
12 TG TSl 1 T it o RERRhER R g source
dirkétg biffie lighteonsthe sidobf tH’eGNMﬁdpp@WﬁS elk dtichheceipinigeialice.
recei ving device. 13. The system according to any
enbodi nent above, wherein the second Iight source
pr owi r f '
13.0 ppg{gg S%t&ﬂ 9@[{1 It(b: g}ng reg%:bg?%lllér%]lg g %&}h%?eiﬁfthe_l‘%goﬂ@ ﬁght source
praydds € dele ﬁéldl I@t bo thienydcasthibelivele ﬂppc%b@werhe wpetadirdretvigs device.
first light source directs diffuse light on the side
of the web opposed to the optical receiving device,
t he I [ r it
14] ig i}[tﬁg 882&? eécgg ggrcf ﬁﬁy %\{K{g‘é&fé%egg gégvgt, Ov@l%egelh tfl Sfffgcl ﬁg%! source
dirces diffusadighevhabe salndftthe wichi appobddglot ths @price Idceneing slevice, the
either dark field transmtted |I%ht or dark fjield

Seqoefhhgét BATEG GRictsdark Acd, bprsmitte lighspedeisily Afrhepteh cgposed to
thd c&ed E&]Hn%'d%grce Barld! B0 thitet 'ﬂ%it G20 8&{:&& Hﬁhe%'d%ﬁ@ﬁ&ﬁ tlaBsmitted
nse froman inspection area of a surface o
hgmnﬂﬁmﬁf%kmwﬂcakﬁhgﬁt ight source directing diffuse
transmtted |ight through the web in the inspection
area of the web, and into the |light sensing apparatus,
sai ' [ [ g%?ﬁg g light at a first
15'a%‘g g&?{e atnisgg&tng%tgr? BHJI@EP%E I tion of the web; a
secanight sopbini agpaotus situatid octisedight Ghm dnovgpredtiotharea of a surface

i ns eci n area of the web, said
of an optical film;

a first light source directing diffuse transmitted light through the web in the
inspection arca of the web, and into the light sensing apparatus, said first lighting source
providing light at a first angle relative to the machine direction of the web;

a second lighting source directing light toward the inspection area of the web, said
second lighting source providing light at a second angle relative to the machine direction

of the web, said second angle being other than the first angle.

16. The system of embodiment 15, wherein the light sensing apparatus is a camera.

17. The system of embodiment 15-16, wherein the light sensing apparatus is a line scan

camera.
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second lighting source providing light at a second
angle relative to the nmachine direction of the web,

wa 2008/16@6ond angl e bei ng other than the first pomUs2008/052314
16. The system of enbodi ment 15, wherein the |ight
sensing apparatus is a canera. 17. The system of

enbodi nent 15-16, wherein the |ight sensing apparatus
18§ Ihg systerm of carbodmetd 514, Whﬁelrsglet%wafﬁlehﬁdamﬁe&relatwe to any

or }ﬁ oflzhe it &' gf#sql% %}Z) ?a%sh&%sﬁé%tsll g:% %o%lrcm \cﬂu? the sg% l%%%t g%chrce
Ilght source and the second Ilght source 19. The

ﬁstenrof enbodi ment 15-18, wherein the system
19; dpepytemiot smbpeinesar 15i18npihpicinethe esteiptingparts fh ppticel film while

ﬁPp f The system of enbodi nent
ﬂ“T%*@%{ u??ﬁ%%%@%%ﬁFﬁ%F%g a third lighting source
directing light toward the |nspect|on area, said third

Irghtlng sqQurce provrdrn% ght at, a third angle
20, dhapysi@n phempedimgahl néd Plrﬂéf‘étcp@rﬁﬂémgt he web, said

t h' L th %&Iﬁﬁ[%esoﬂg:e%l%gﬁt%g p?g t&&)grg, th# P%ﬁoﬁ %Pe%ngald thlrd lighting

e system o npri si
soume pﬁrwdmg ¢ightuatt heéird drghd fofgiveaurthe sadhine citmﬂ@d mfgﬁhb wcb, said
toward the inspection area, sald one or nore further
thqu g brgngetherian fredisinmgeandgnelea angl es, relative to
the direction of the web, other than angles of ot her
lighting sources. 22. A nethod of illumnating a
211 Taaspaeof claim 8@ Murth¢raoapaisimgt structured sheet
material, copprisi n% providing a first (ﬁhtln
souPB@or eareorufqh?rslrgh ingeiees distiiag h&hfrtezy@r e dRspeefiog arca, said

oné bf H{oré RLaReN hlg 1&% E(fdirgeﬁtﬁgwh 1§ Gc’%ta glaeéefe'leﬁive J@@ﬁje direction of

providing a s Ing s secon
thdw@@bﬂngﬂmnungbsdfmhmﬂum@nQBQMEatomard t he sanme

portion of the sheet material concurrently with the

first light source. BRI EF DESCRI PTI ON OF THE DRAW NGS

22 : {Agﬁeghnoi.dsbféﬂlﬁﬁﬁl%ﬂﬁé E(fraﬁ.kﬂia?en\f io?%ﬁf—tr@tﬁpﬁf%ﬁpﬁﬁfcitﬁgd sheet material,
comprising:

providing a first lighting source, said first lighting source directing diffuse light
through a portion of the sheet material; and

providing a second lighting source, said second lighting source directing light

toward the same portion of the sheet material concurrently with the first light source.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a schematic side view of an inspection station.
FIG. 2 is a schematic side view of an inspection station.
FIG. 3A through FIG. 3C are screen prints of the computer screen showing three

separate passes of the same portion of the web arranged side by side.
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FIG 2 is a schematic side view of an inspection
station. FIG 3A through FIG 3C are screen prints of

wo b@saavpuit er screen showi ng three separate paBsSEssHDS/052314
the sane portion of the web arranged side by
si de. DETAI LED DESCRI PTI ON Structured optical filnms, as
the termis used herein, refers to filns of

li ghttransni ssi bl enﬁifféﬂi‘ﬁp DE}SW]&H@Vseri es of
p“ %?Bizt%{re% g%t% §qr S C%ﬁe t utsg here m 1Se efs tB f?ltms of light-

s ca hrou i on or

traﬁﬁﬁlﬁﬁBlfelrﬂzﬁerlzﬁtlﬁ bheHi¢H @derfa@tdf @aikmb |alrdT@15p’;Hs@d Gﬁ%@ Rtithed the film such
tha%ener ally in US. Pat. No. 4,906,070 (Cobb).

thegfitrreea waAkeridighy ﬂﬂp‘{lgh reflsctiqeon faehion. Steerctued ®ptical films
are (f“esgﬁbc‘edtg%n@raﬁ Reu phy. M‘eh I@@B}P?ﬁ‘gbn%%ﬁf ease the

s brigr tian backlights

s UC Br@ﬁt@ﬁ]ﬁaﬂﬁﬁﬁﬁ@ My, wSthd twind % Usicd begdir ryftsato a type of film that
di spl ays (LCDs). Brightness enhancing filns may be

cans tipgyeasgr b m@te@monquusfrbnghme@x@f}r&a rtigp | @%khélsté such as ones
cor?lg&ﬁ&clﬁ%? V&Elr P%Lk? zaq (rglrll ?%CI(ESH]‘S?SI Bﬁgﬁmeﬂoenhénc%}g iR may be

stredinediopted] fiy. ARCIxGPlafy Bifighth&n |eh1@aﬁicﬁ@ filfri SBscribed in U.S. Pat.
oriented araIIeI to one another in the machine
Nogl Yt G0 O N pidd)- pd%%glﬁwsmkww Hbneét opasRibegiment may include

mlpr%t 1Ie [i8R%ed g’ﬁkrﬁp 0 teh g%%lf/e? t(%1 %&18 rynb@l@falm Kd?enq}%@al% direction, and

seu o-randomvariati e mcro replicate
po:p;liblﬁ naclude defemmhaskingd phteths, mebich ngapaht@vd) int8ntional random or
described in U S Pat. No. 6,354,709 (Canpbell). Sane
psemdpgh@m FAEHIPANE) the TRiFTonESPHEFeh PTifAS 1 éé%?%?&!%}a% (iséfise masking

e
pad F{gs%}é‘lﬁg a HafP %‘9 QILI§3 oﬁ?gﬁ?%"fé%ﬁﬁ% IZS§B§%gdqrf§%%%s Er‘fhancmg
ﬁlmalappeak hry:r@irsmfgly bpaque anspatientd) atvdneangla ﬁmednﬁztlm‘lpeﬁpendlcular to

angl e ot her, than substantially perpendicul ar.
theaRG et Bi9 91 (O Briels DYt 681 ppade bkt BTy %ﬁ%lbratmnéaarent) when

Vletv&%ghﬁ]#)lﬁL%s @é c ol 't%ﬁtrm i e'éipﬁ% 3}y b%@@ﬁcﬂ@ﬁlh@ n Th%caﬁkac&’e‘?ﬁtlc lends

as w rern. On a perfect

its¢lt tor @irtagitlfimdreatioh itghhiguacord@nibigatny efiilmnghaiongtdhadtuss, as will
t the, equi nt .angle in the plane of incidence to

be gyeribedh €K§$é@@$§Pﬂ%ean1 On a real surface sonme of this

lolt gle@:rnwé(vg&lfe %11%95&@5&‘11@{%9&?89&% %?%ﬁe EIE%Y%GS% the equivalent

rected to an angl e out
angle in the plane of incidence to form the specular beam. On a real surface some of this

light will be scattered (absorbed, diffracted, or otherwise directed to an angle outside the
specular beam). Particles, scratches, surface roughness, local surface topography, or
interfaces between different materials can cause light to scatter. This scattering may be
detected by sensing equipment and analyzed to identify anomalies present in optical film.
Anomalies, as the term is used herein, refer to areas of film where optical aberrations are
present. Common anomalies include scratches, surface roughness, dents, structural
aberrations in a micro replicated pattern (if such a pattern is present in the optical film),
entrained bubbles, and contamination. These and other anomalies may render optical film
unusable for certain applications.

FIG. 1 is a schematic side view of an inspection station wherein a diffuse

transmitted light illumination technique is used with a further technique, in this case the

-6-



10

15

20

25

30

specul ar bean). Particles, scratches, surface

roughness, |ocal surface topography, or interfaces
whedosrarrozli fferent materials can cause |ight tBCT/US2008/052314

scatter. This scattering may be detected by sensing

equi pnent and anal yzed to identify anonmalies present

inoptical film Anomalies, as the termis used )
farndarks| fireld rilpraination decdwetust fhisnsaupdpgiodpmiagaln some embodiments,
proq}?c?e {n@{\l a?e'?isco%{r stk rfeaﬁgﬁltaﬁesg@%y&@ oft %ogﬁ?tlal?g 3 I? l}ﬁllnTu dl%rther in some

ace ro ruc

enﬁb@ﬂhr[e&tsl okis doﬁlb?mdﬁloﬁrd’f ﬁlelﬁ)échslatt@cﬂmn@b@ ehdy piolvidRUfR detection of
pattern is present in the optical filn, entrained
othﬁaﬁlﬁp esdetgefgbleopt diffigultfoActeqth asemalitg- oiﬂh pthgh sdefisaents, this

I n f C
co ap%]al{lcgtggﬁ%lng@cfuﬁg glﬁ%ﬁ n@isg %Sg Hth%%i ‘gﬁ%ilﬁé’e@':l‘éhwog fcegcﬁm types of
stridiGie@ ©pticuh fishat i on wherein a diffuse transmtted |ight
illumnation technique is used with a further
t ecAretgles ailight gnsmissive flfe Ay nerakiRitiigeramples @fynaich dhmay be

' 0
an toﬁow ﬁlﬂr 4 (s:t}géa‘tgreeg%?g%%]?gﬁ]f Br frlr%}(lﬁhﬂng sI eglgglbcrrgﬁmg n%gtlﬁustrated n
FIG Ut fwaeeliofs if thd procedsfttiefig, mhnufsaned cariosoure e lhf&taﬂly, either
corthi nation of I nspection techni ques. may provide for

frogplclictoireght gF ng}tlwgrlﬁftségdl}hg @trggtogbqféhls apovgment would be considered
in ’t&ﬁ! Lot A8t &F kma ANRIRldi énon! i fn'@ﬁ&wr‘? QPcP&‘ésUHB‘éasheéem as being

IS conpination nmay re uce vi SUAL “Nnol se assocl at
mawhfabtuims ptﬁet iillomimaftioﬁ edrtdaiimsptetjpas teohnigtiesu démlbdd dmem adould be
is alight transmssive film

Slmli%lm q%@O%ﬁ%qrége a\fﬂb;}las\/b@sn Pranggtused, @gﬁmlé%n Frther, though
de%rllﬁw Uﬁﬁlqreﬁ%cp%t G Al; Jtloh@n&q{is:{)%ctk?&ib&p{ @&ﬁﬁu@ﬂ?ﬁgﬁnﬂ%onnnuous

ustr at e Is iInt
wepr acegsht bt chedsungerodhinud achufaetring rdvinethehtnameeskilled in the art will

laterally, either fromleft-to-right or right-to-left,
reCQRpiZe ﬁl& d?qh@tq%ﬁewl%% NETCHL GAHE M SaRlGH gPHd piBFCsEpary, or

rndd idd8 suflOYRA NG en rothe'irﬁ?alﬂrﬂﬁl ac‘{iﬂlﬁ tion. Though

own and escr | herein e| ng rmnuf actured, the
[ I | Hor parpbgas oﬁmlmhﬂtmaqne‘wuthnmhtsedlm«)mufeeandemchmhmdon) web 11 may

herein could be sim./larl rthevvebhs
be ronMdessA i REehines erfhapmgéf .lf HB¢ udqsque embodiment, a

stril@&e sRRANW  fbr GRRARL] Life 'Thé‘ 'é’!r{ﬂé'lﬁﬂeﬁ iR W ASRe G fh(i)s,nexample

of a continuous or sem -continuous web, as m g ht
hase nncmrtbplncaded prismsymndfiacy this stgueured rscd'eméat facen dlffuse transmitted
hgﬁt slolulrceedB i(&le un?iermde surfJace of web I1 is the structured surface). Light source 13
provides light directed at lens 14, which provides light to diffuser 16. Light source 13, lens
14, and diffuser 16 comprise diffuse transmitted lighting source 19. Diffuse transmitted
lighting source 19 is situated roughly on-axis the plane of web I1. Diffuser 16 is situated to
illuminate a cross-web-section (referred to hereinafter as the illuminated area of the web)
of the structured side of web I1. As one skilled in the art will recognize, there are myriad
methods that can be used to provide diffuse illumination other than the example
embodiment shown in FIG. 1. For example, light emitting diode (LED) arrays or
fluorescent lamps could be used to provide diffused illumination, with or without a

diffuser. Situated on the non-structured side of web 11 is lens 17, which receives light

transmitted through web 17. Lens 17 passes light to a sensing device, in this case camera

-7-
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recogni ze that techni ques described herein could be

scal ed up or down as necessary, or nodified to suite
we@pwsnanent s ot her than manufacturing. For pur@DEs®08052314

illustration within this disclosure (and not

[imtation), web I | may be considered a brightness

enhancing film Wb | | includes, in one enbodi nent, a

18.s dight tfiame dliffisge 1airdredranion -as tif pesser Beoughgweh Théa property of some
typféé rBrl ?%%{tg%s %lrﬂ?aglrc%{s?lf g) Alich tllia{% tl%ehllllﬁmt? &f elrga &vg'bfahg?ars dark

ured
frohages/iélihf; usgletaf @aﬁsﬁiatil @ﬁhd|sbgbﬁg SO 835 Wlﬁhﬁl a limited angle of
undersi de surface of web Il is the structured

ongipsfvaigiethe plangiaf thowee Apmplisy pasing thegweh dha idlumarnteg arca of the
Welo SOR1 ot i%m:fogﬁlslgp ﬁ %cgﬁ%tﬁ%@mmst r‘ﬂag %ggeldfs 6t hjtgr tgﬁ ?Jl}%%round.

source user conp S

tr ams ngetdreld illurgibiiotg tSechnie tOnfidiirdtions eint rensaust t 6 dark field
ighting source 19 is situated roughly on-axis the
trabfffﬁlﬁéd dFEhiiBg spurce. 1By i DEwidedoby 2Bl sonpeds ragd lens 15, which is

AT B4 8 55 U PN S5 SLBLEe it g o e
webtplaiet ureekles efes dégreairo 8. de@ﬁee@ heveskonhd Reeli of usbfalrgd depending
will recognize, there are nyriad nethods that can be

on speefie @pm@vpﬂe Idglftfﬁﬁ%f@ the 35 qanka dickhtrapsptted Hghfingygource 110 is
cor?@éﬂgpgeg ﬁP’BR@“ Eﬁj&&ﬁ)m@loh tﬁé @}ninu 1llﬁﬁﬁna P‘H:la of l[HegF/gb as is

mtting di ode array orescen anps cou
111Lhﬁmansé By tdoffype Qmmsiﬁlt‘(édﬂlfghﬁﬂgi sodrd:eum rFat tadk, fiohd trinsatitted light tends
W thout a diffuser. Situated on the non-structured

to Sjehlighyr angepplics that scasirs lgpt e fowrsevsPy 85 machige, direction.  Such
an&ﬁﬁfb%%{g%eqnél@&eo Vgrlf'a \f‘fﬁ? th’midr&Npl %c%tegaﬁﬁ H %Q{teﬁlg éhd/or the

sensi ng vice, inth case ca ral rom
intelifideuls@wedb niisror eplietioachndsa ibhckiag sederidly Ot,l glafem binl thk backing

Eéahﬁéoqgrty of sone types of brightness enhancing
maggria gy such that the illuminated area of the web

app %E Swialtm{da86h tt&%n%@%&ﬁu%‘?&fsﬂﬁ{t cfP F {1£ #H féi) are thus
so long as canera thin alimted ang
combmad, sxdwi sihgle h;enquhgdanm stitteasne biie sdnareder® sngyalsseandigured to

t hrough the |IIu area of the web tend not to
reCGWebe‘%nﬁls;Fn}aé‘F?% Eﬁglun%ﬁe Aiga Oﬁﬁ? “¥pear brighter

th aﬂl@ﬁ%%ﬁlrcgéj P8 and 1 %ﬁz%nge a #, @tthz?tncrﬁ %C H?ﬁtq Y&ch as traditional

configuration, in t i s “case ark fireld ansm tt ed
indan@ﬁstebm,gﬂlmwcelﬁ drdiylogesn ‘tmi‘trsyLEBd dnyladerg hAltspatnety, 1ight source 12

o TR LT i Bt U RS Bl o B8 g
sotrB&. For example, light source 12 and/or 13 may be so-called “fiber-line lights,” which
transport light via fiber-optic lines from a separate lighting source (often a separate device
located in proximity). In some embodiments, lighting sources 12 and 13 are of different
types (one fluorescent, one laser or fiber-line, etc.).

Lens 14 and 15 may be any type of light-focusing or light-concentrating device. In
some embodiments, depending on the nature of the light source, lens 14 and IS may be
omitted. In one embodiment, lens 14 and I5 are acrylic cylindrical lenses.

Diffuser 16 may be any device spreads out or scatters light. In one embodiment,

diffuser 16 is a piece of opal glass. In another embodiment is a piece of diffusing film
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web plane. Angles of 5 degrees to 85 degrees have sone

| evel of useful ness dependi ng on specific application.
waoe@btiodoom t he far dark field transmtted | i ghtT/082008/052314

source 110 is concentrated, in one enbodi nent, al ong

the same illum nated area of the web as is illum nated

by diffuse transmtted lighting source 19. Far dark

sughy ay @ny rodrfs mimiate Pf| mjmaﬂtcvélﬁtﬁ’sﬁ Alaghfarigred BndeencrasElectric of
Fa%ﬁah &ﬁ&%géyllght in the down-web, or nachine, _
|on. uch anomalies m ght include variability in

M ciLend EPinbg 8t @fly pfpcsoTdeRl [Pt @fbddindditds atSeBneider Componon
interface between nicro replication and a backing
f5.frad 89ma Wlﬂ@)85f§@ff‘é‘<§ftn§10|nﬁu1?@ﬁe backi ng mat er ial itself.

Thep ﬁa,r ar | gtﬁd q 8 %1%%&1%[{&2) n_étgdnf %aHiS qugii@hfgl?sgqransmitted

and ar e us ¢

lighteitiamightide \tedh@iqus Us biscaswigh Firtter slammingtéoretcahniqedg. 18G. 2 includes
configured to receive si als emanating fromthe
the |spe erapredents eds Gt e Db addifigimllys ieludes anpthergfar adark field

tra ! aig??il%ﬂﬁPg ?ﬁl’g‘gg éj lgiéeprc]itey]d%l%ﬁe | Ol Cl%rh‘aﬁ% source (J2). Among

uorescent,
otHetithisgs, EERS2 d@orsases that Alobethajusy ey dlffer@iﬂ ﬁll@muam té&hniques
and/or, 13 may, hot generate their own light at all, and

mayhsrepaigalibe crBbined pad sansed With A Sipgle cag R veidun apggle mspection
staﬁ?t‘?n’ﬂl s, Jakeg I%r %&H{pﬂfee \Nﬁ %owﬁ'rﬁgrh %&arU@slﬁuQ rasfé%il' 1‘fqulbe§j concentrate

ber - |ne T port
light hxetheogameclllhnm&sed saativa of epawab ehdt iig htspagedsbyu ba:rﬁera 8. Further
(often a separate device |located in proximty
illupinatiiiseRy i s eaP 19y 1RH Mok thep éwaégu@zlaaﬂla teféma%s %ﬁuld similarly
begh%ﬂ) ﬁpt types (one fluorescent, one |aser or
ine, etc.). Lens 14 and 15 may be any type of
|'i githe deoends iferrgda.’rk ficld hrarcomittiapt ligtt | sogrode(dil ¢ enayl nids drefirst in

hlgiltl)‘gﬁtgtlégn‘?vlgé ﬁ‘élo %%I t%gy orPg§,St ’glgo i t%r gglcl)l’fIl]I]::%}pegrf!é‘lea o% the web. The
sedARP dﬁ?lg!f“ cilt?aﬂém}tﬁn%g‘l hilsduRdeSis Sﬁﬂ dr@d %é’deﬁrel(]grrthE‘é same manner

enses. user e any eV| rea
as geafitsebs, inl ghetembadirooe, s ddi sppoting dtnglfeu dearkfi@d |rsﬂ@ted lighting

SO‘%iFeeéﬁ? A oﬁ(glpfu%qcﬁ]g{}g ﬁlléghg ﬁ%ﬁalggggdb%p(}ngf Surglcg OF ‘([:he backing
W@tha§§&ggm@agdgbkngﬁanufactured by General Electric

Fairt el d, Connecticut.
The combination of multiple illumination techniques may facilitate superior

automated web inspection. This superiority may be the result of the illumination
technique providing adequate signal-to-noise contrast for a wide range of anomalies
occurring in a variety of directions and on different surfaces or surface interfaces. Further,
the combination of multiple illumination techniques may also increase the signal-to-noise
ratio for a higher proportion of defects than any of the combined illumination techniques
alone. For example, for a particular defect, diffuse transmitted light source I3 may
generate 75% of the resultant signal, while, the case of an inspection station as illustrated
in FIG. 2, the two additional far dark field lighting sources may add the remaining 25%,
thus providing sufficient signal to isolate an anomalous regions. In another example, the

transmitted light source 19 may generate 35% of the resultant signal, while, in the case of
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Lens 17 may be any type of lens. In one enbodinent it

is a Schneider Conponon f5.6 / 150mm w th 85mm
w@zdosnei7on tubes. FIG 2 is a schematic side vPemusfoosos2314

i nspection station wherein diffuse transmtted |ight

illumnation technique is used wth further

illumnation techniques. FIG 2 includes the sa

an dpypseitenh stetiers ariliystrated hint Flad i, tthe Ao lagditiaaaluige siark field lighting

tted |lighting source
SO‘%\C]?S)@EE%J ﬁ)élgS'kabfi @Ie%a#{lﬁgﬁgaé) l'ighting source (J2).
Ao iAgsQ thgkiplehligigig tetiniqubs daapniat §0&ie€§mb6tﬁhleﬁ@[ eertz@a@ reduce
just two d|?ferent i1 lum nation techniques may
inhgpant saise psseeisdmath tprcsias et i cxampligpame amﬁabﬁarls such as
I n S f.or
e 19, Bl SRR AL B A ERP v fgenciona
randoG00C pitledatréndonghiripiont inea SGNB propertitd aluell as qﬁsmomnmfnsmn or
the web that is inspected by camera 8. Further
oripptpiigR)naPiheh iHermdicquesingeapinels HimBpéon fahnifeyrthese intentional
I t I
i N HTHOR 2P sbBER s YRR R HeD 3o it of actual
andrdaljes M uldibtt illamidatios ttedhidukg Mowghén, Agyweducanbdrbidk@sound noise
as, they. pass through the illum nated area of the web.
assvﬁ@teéie‘&slh quehnntentionak filsr yatistins mnd tthergby inghsass dif signglgo-noise
ratg)onflgured generally in the same manner as the first
in one enbodinment, is at the opposing angle.
Darkfield refl ected Iighting source (J2) tends to
particularly highlight anomalies on the planar surface
e backing web (non-structured side of web). The
conmj [ t C
o) o BbeliorHabbrd uhs b e E R ARG FEHIG. 2. The
ilhenipetioroBystom eag meuritde belesutie @b phtr of b wonvtionsl web-handling

t echni que prOV|d|ng qu te signal-to-nojse contrast
SYSIR 0F aftee Sparnkrdwetn Wisitallses AgE MY Ag" Gy Lhmpapshupgpe linescan
di di r suf face r rf
oo AL OAR BT SIS 53l O [@fiboct with «

conventional dt0 mmﬂemshwasqmesntadaybc&lesihummanemSﬁtetrh] e83 cm above the web

i gpal.-to-nqgise ratio for a hj.gher proportjon of : :
oo et LURAHOR Ry GR Scg ST g sPPicmeAeh Ing ided a fiber light line
comBfe R IAMERilable from Fostec Imaging of San Diego, CA, driven by a Model 4900

Auto-Calibrating Light Source commercially available from Illumination Technologies of
East Syracuse, NY. The direct source was aimed directly upwards towards the camera,
while the two far dark field sources were aimed at an angle 40 degrees from the vertical.
All three sources were otherwise oriented with their long axes parallel to the cross web
direction.

Each of the three sources was provided with a cylindrical lens, each made from
optically clear acrylic polymer, 1.25 inch (31.75 mm) in diameter. An aluminum frame
having a 0.5 inch (12.5 mm) wide slot was mounted between the direct source and the
underside of the web such that light from the direct source passed through one of the
cylindrical lenses and then through the slot on its way to the underside of the web. A

translucent film of matte finished diffuser was placed across the top of the slot.
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al one. For exanple, for a particular defect, diffuse
transmtted |ight source 13 may generate 75% of the

wo eaglibend signal, while, the case of an i nspeptT/082008/052314
station as illustrated in FIG 2, the two additional
far dark field lighting sources may add the remaining
25% thus providing sufficient signal to isolate an
anorfiE eutput eftheneamery wap dirgeted étxarpsrsenalt qeanputefenprabeds. This

COllﬂi)gtlg} YV%..Q w%l%ﬁgjtge w 094‘5‘1{1? e@%o? ooftgvaré E%ckags lé?l!;n?x{&mal VA available

seoanlnse

froid Ma&bk &h&eing Bf Bbfwal Z)uebls@ Qawadaaddi tional far dark
field lighting sources (JI and J2) may add the
r emdiDAi ‘ﬁ%ﬁ BBRECgns Statipgy | wapueed fyHBINSE t eBWhithigksontigpl quality

pr15ﬁat§005'}§%c%mﬁg tn?e’ntﬁr?e[lﬁa?oﬂe?t\xe\gaglldﬁgn opﬁlg:]sﬁgﬂtet%lﬁg%%gt be used in

associated w thinspec

theopanudadturiof ﬁ&faﬁblt@fbf@ﬁod@ﬂ’ctsg the gasicenhasiCoMgateiibinr MRYexperiment
i ncl ude defect masking patterns_or other |ntentional
wap SRORSF R§EaYs8 ifethewicd Raewrcarh RaspiBle flayvsa aflitheivay from gross defects

hkg\ﬁgﬁ&{s %1%551&&%8 goﬁ‘tfanﬂﬁdn%ﬁ‘ \9&1’?%&%& : Pheile gﬂtb%ngﬁﬁea{d Okral hundred

um nated using a single
rmtxeﬁm no g, firichhesechies tvathtwidtha |0ff11b1irﬁk1‘ﬁﬁiltél§iﬂ5 @30 ABgtons.
ppear as background noise, and thereby reduce
contHistA GROAGR ik A GHRIGTean PIIF P Hicefanuifs saEeen ghowing three

seﬂa‘f‘ﬁ@ @ésg?seczf thQ?%ﬁé/ ﬁ&’tw%)f HRIUE JT%S? BAE KOTRIAN %l@r%ﬁg a scan of

asso I Nt enti ona mvariati ons an
a lehpeh eBYilm nidureasedtondy i gnéffutcorashstecd kgt soulcxaffpt €ighre shows
web i nsgcectl on station was .constructed gener ally

as
gragaph chlotrhyn gtpxscals cotgievariationy haisi Gicylfde dasnids Ynomalies duc to
R SRR bIE L REh P Ju BUGRTIEHPRRR gion. FIG.3B i

a scal bea enghAnoAink \m(mm)ted?@@lyrmnbcfdmdmb fleldnibglnmg soames aWhereas
rciall val | abl e from At el an Jose, CA,
FI@q[«%E&éa g asué’élﬁv%lﬁ?ar o¥d1atioByH Eliﬁ | gﬁ has\ glcarch sageer signal
t
VoGBS (inah L PR Gl Hn SRS PR DroRELRRiaRA1] As in FIG.

3Aedtls ismalanyedifficdli har td idgintifyl laneanonm;eagalaitl the background noise
avai | ab) e ' '

By SRl LTl 0,01, SO D 200, CA GLLVE 1, o
ma%éf%@ﬂ%rﬁﬂt%hééﬁs@%ﬁhﬁlﬁﬁlt&i 1y 08th kild (BRDAG RPrcI&RANAI 196 83, and the
technique represented in FIG. 3B. Relative to FIG. 3A and FIG. 3B, anomalies such as
anomaly D1 are more clearly distinguished, and background noise has been reduced. It
will be appreciated from the Figure that there is a significant synergistic effect associated
with the illumination system of the present invention: the novel system highlighted not

only all the flaws that the more conventional illumination methods alone did, but other,

less distinguishable flaws as well.

Table 1 shows relative contributions from three illumination techniques on
relatively uniformly structured prismatic film. The Y axis specifies the illumination
technique. Cross-groove / down-groove refers to the orientation of test anomalies relative

to groove patterns on a structured side of a film.
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has cl earer
wo pavsiidodres sane i ntenti onal

shar per signal

subtl e signal variations,
variations (many resulting
filmproperty vari ab¢DUp2009%852314

FIG 3B

in FIG 3A it is simlarly difficult for to identify
an anonmal y agai nst the background noi se associ at ed
with intentional

filmproperty variations.
a scan of the length of materi al

FIG 3Cis
si mul t aneousl y

Taé ! Enth@Jsegel%%eb%tﬁrdfélﬁfogg ?@g@'ﬂ ?ﬁlgﬁ 1ﬁ19@%§§8% EQCh&gﬂ %%n psudo-

the

rmﬁ@nﬁ§ﬁ@u&%&d@&@nﬁhﬁﬁhaB anonalles such as anonmaly D

are nore clearly distinguished,

has been reduced.

t will be appreciated fromthe

and background noi se

Frgure that therg s a éoLsJ G Jgantsymer gi bllaé,w] 'Grgé‘v
associ ated wi th tjhe i | UM hat 101 system of t resen
I nvent i loBacKghsundoVsignsly s Sefmahi ghl 4 ght eipdl (oBileMalal bs increase
the flaws that the nore| conventional il lum nation
met hods| al one di d, but pther, I@@@?ﬁistingu!shable from
flaws as well. Table 1 Iﬁ)01 3 el afjve|contri bﬁtloisgns Diffuse
fromthree illumnation|techniques on|relatijvely
unifornmly structured pr snatl( Diffie The Y dxi s Alone
specifiles the illjum nat|on techni que. |Cross-|groove| /
down- grioove referls to the ori¢nt’dendn |of tesdt
TomatTEes 1 atTvie patternsjor gtrygturea
Dili¥e of| a f§7n1TABLEHﬁTabI§ shows relggsve 32 )
fU@@ﬁtrlbutlons frogmthree illum nation|technijques opn
: donml v pattprnpd priqnntir filn TABLE 2CLALMNS
EﬁSGA §yst enPBor i|l | l¥d nati49g a t208Kspar dAf dr 44 38%
Reﬁ ql ransparent |structpured sheet material flor
%B% tion by an joptical receiving deyice, said sheet
D1ffﬁ§eer|+al| hagpng a first| sige andgosegondgsijdess 81%
conprisling: a firjst Iight soufce diregting diffuse
Fat i gherkt|hr ough a portion| of the sheet materidl; and, a
Fi icond i ght sourice directing|light toward tlhe sane
% rtion of the sheet material |[concurrently with the
first I]Jight sourcle.
Reflected 9 33 24 85% 19 10 -69%
Alone
Reflected + 17 67 50 285% 43 26 -19%
Far  Dark
Field
Far  Dark 8 25 17 31% 25 17 -47%
Ficld Alone
Diffuse + 103 163 60 362% 173 70 119%
Reflected +
Far  Dark
Field

TABLE 2
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2. The systemof claim1, wherein the first side and
second side are structured. 3. The systemof claim1,
wob@saogros he structured sheet material has i nteemnak2008/052314
structures. 4. The illum nation system of claiml,
wherein the first side is structured. 5. The system of
claim4, wherein the first light source directs |ight
CL'dMiyd the first side of the sheet material, and the
optical receiving device is situated to receive |ight
fromthe second side of the sheet material. 6. The
1. systaery@bmclai Mulindhgr i Rardsprehh @etschitt@nspirent SstAuctured sheet
structured optical film 7. The system of claim§6,
majgiid doTingPRStIgR by cIUPRSEAbCRivAIE d9vige, said shpeti ngpatialchaving a first
S f claim4, further conprising: a
md?ﬁhgg %xmﬁgﬁmb%} 1{‘Qoi[%%ectlng light toward the sane
por &ifast ki)éhttsb&rcs e ttinppl €fuls@ lighothestighenpdryiomiof Bhd ket material;
first light source and the second light source. 9. The
andyst em of claim8, further conprising: a fourth Iight

sour, 4 ' f
el SRR O85! UL (o 8 RETREEHPOEAL HOR marr
cosicaty withehsaiohghtlsoght. source, and the th|rd l'i ght
source. 10. The systemof claim9, further conprising:
a fifth light source directing |ight toward the sane
or e
2. £7r Sh8Pr S SE Ry ChE Bl SRRSHA SRR Yid¥ul e
Ilght source, and the fourth Ilght source. 11. The
systen1of claim 10, further conprising; one or
3. f ur tTher systeghtofs elaie el ahibeesin ithe tiughied é@?ﬁi‘d@ﬁé‘a&é}% internal
strfQdk on of the sheet material concurrently with the
Irst Iight source, the second |ight source, the third
Ilght source, the fourth Iight source, or the fifth
gh urce. 12. The system of claim 1, wherein the
4. f| r érfherl %ma%%frywna@frfz@%hd’ﬂ?emg thq ﬁn @h%l Ot StHefUE g e
of the web opposed to the optical receiving device.

5. The system of claim 4, wherein the first light source directs light toward the first
side of the sheet material, and the optical receiving device is situated to receive light from

the second side of the sheet material.

6. The system of claim 1, wherein the sheet material is a structured optical film.
7. The system of claim 6, wherein the structured optical film is a prismatic film.
8. The system of claim 4, further comprising:

a third light source directing light toward the same portion of the sheet material

concurrently with the first light source and the second light source.

9. The system of claim 8, further comprising:
a fourth light source directing light toward the same portion of the sheet material

concurrently with the first light source, the second light source, and the third light source.
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13. The system of claim 12, wherein the second I|ight

source provides far dark field Iight on the side of
wo besmadroopposed to the optical receiving devieer/udzhos/s2314

The system of claim4, wherein the first |ight source

directs diffuse light on the side of the web opposed

to the optical receiving device, the second |ight

source directs dark field transmtted Iight on the

sid f_th . ORP he optical receiving
lodevi%gg,systa}\en Orﬁlg“fﬁr ﬁ%t%?lir égq%?é%sgntgf ce directs either dark

fi ehdifth apstidut@ddikdc@ing 1iht eavded fthe@bging pbHatEThE isBE: material

15. A systemfor inspecting an optical film
copcashile wild: the first dight soares) Hig sappul light sowce.he Burdileght source, and

sense i froman inspection area of a surface of an
tm%%Pﬁggghgg ﬁ?'a first light source directing diffuse

transmtted |ight through the web in the inspection

area of the web, and into the |ight sensing apparatus,
l15aj dhesyssem of ghatn AQ, eherc@nprisigdi ng |ight at a first

angle. rel at| [ ] [ :

ccadhe o i @ JIohE PR BTk P B b SpE Born of the
shdch sipfaial @On@ireatl9fwittheheWidat ligltti use eietscbdghtigitOsource, the third
. source providing light at a_second angle relative to
hg@ﬁ@“ﬁﬁc&?ﬁ@ﬂﬂ1hgﬁﬁP@ﬁ@dFt@%@ﬂmbémﬁ§ﬂﬂﬁ-second angl e

bei ng other than the first angle.16. The system of

clai m15, wherein the |ight sensing apparatus is a
12canmtha.sydtém offhdaisy $f @heefn ki dght seherelirectshdffliseghight on the
.sensing apparatus is a |ine scan canera. 18. The
sidg pé theny &r orposgdiio ke onfical wraivVingelesisei cal filmis noving

relative to any or all of: the light sensing

apparatus, the first light source, and the second
13] i giihe sgstemeot ASm Thewbytsinethe atcanldalight kourcatpesedes fahdark ficld
. system jnspects the optical filmwhile the optica
hghay crnnt?r: sidgof Hy Wehenreesdiodpe Owamﬂ%%wgg%é{e&%f cl ai m

16, further conprising: a third lighting source

directing light toward the inspection area, said third
14] i ghithe ngstsausfcdaipr dyiwtemem thie bt Bghtasotifterddreatsgliffuse light on the
sidre eolfacflé \\/Veebto%ptogeed t%at?lglo%teicglrrege?\tiilng Qieg{ce,t tTlg s\é\?o%d 1?3% dSOlll‘CG directs
dark field transmitted light on the side of the web opposed to the optical receiving device,
and the third light source directs either dark field transmitted light or dark field reflected

light

15. A system for inspecting an optical film comprising:

a light sensing apparatus situated to sense light from an inspection area of a surface
of an optical film;

a first light source directing diffuse transmitted light through the web in the
inspection arca of the web, and into the light sensing apparatus, said first lighting source
providing light at a first angle relative to the machine direction of the web;

a second lighting source directing light toward the inspection area of the web, said
second lighting source providing light at a second angle relative to the machine direction

of the web, said second angle being other than the first angle.
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third angle being other than the first or second

angle. 21. The system of claim 20, further conprising:
wobp@savo7oor e further |ighting sources directi ngct/ughnsos2314

toward the inspection area, said one or nore further

l'ighting sources providing light a angles, relative to

the direction of the web, other than angl es of other

i ghting sources. 22 A nmet hod of illum nating a
16.tm51 ﬁ?g ?fsgr %cl?urn%? VH r lpr vaa%}ﬁ%ns% all'f)%ta]tj Kafesdls % c%%gra

source sald flrst Ilghtlng source dlrectlng dlffuse
ht through a portion of the sheet material; and
17 pdl g@ BYfitery obclgvg égmhqrgntthehlggm LIS APPATARisI B @ BiRg scan camera,
l'ighting source directing Iight toward the sane
portion of the sheet material concurrently with the

18 iMhetsybte@hdf @4t ©R.wherein the optical film is moving relative to any or all of:

the light sensing apparatus, the first light source, and the second light source.

19. The system of claim 16, wherein the system inspects the optical film while the optical

film is being manufactured.

20. The system of claim 16, further comprising:
a third lighting source directing light toward the inspection area, said third lighting
source providing light at a third angle relative to the machine direction of the web, said

third angle being other than the first or second angle.

21. The system of claim 20, further comprising:
one or more further lighting sources directing light toward the inspection area, said
one or more further lighting sources providing light a angles, relative to the direction of

the web, other than angles of other lighting sources.

22. A method of illuminating a transparent or semi-transparent structured sheet material,
comprising:

providing a first lighting source, said first lighting source directing diffuse light
through a portion of the sheet material; and

providing a second lighting source, said second lighting source directing light

toward the same portion of the sheet material concurrently with the first light source.
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