WD 2006/ 060090 PCT/ US2005/ 038758 -1 5 A SYSTEM FOR READI NG AND

AUTHENTI CATING A COWPCOSI TE | MAGE | N A SHEETI NG TECHNI CAL FI ELD The present
invention relates to a systemfor reading and authenticating a 10 conposite
i mage in YOHEPORY The present invention relates nore Pﬁl’&?’@?ﬂ“&??*‘? to
system for reading and authenticating g.sheeting including a conposite

i mage that appears to the wunaided eye to be floating above or below the
sheeting. The present invention also relates nore particularly to nethods
of reading and authenticating a conposite inage that appears to the unaided
eye to be floating above or bel ow the sheeting. 15 BACKGROUND OF THE

| NVENTI ON As tanpering and counterfeiting of identification docunents, such
as passports, driver's licenses, identification cards and badges, and
docunents of val ue, ASMSTRERMIUDEREADENG ANDeABTHENTIOATINGabI e
instrunments, increase, theCOMPOSITEMAQE INASHEEFYn@ ity 20 features and
nmeasures. Using conmmonly avail able technology, it is possible to alter such
typed, pripéegni@RPtgipphed or handwitten details in such a way that the
docunent c‘arn—[‘flrern—S‘h‘ovv"[hat t he ownership of that docunent, or an article
to which that dideyresht invehtainaslatedas albgsem tforansding aedadtbengicptairgtay not | egal |y
entitled to that docunent_or article. To inpede the successful tanpering or
al t erlit i orfOBIPOSItE INagstA A sheeting. Fae gregeqy wivephar folaies maromrgalarly tg s¥gemrity

| am nat e : Ll s > l . i curity
features ?f\égfeagmﬁgla}lﬁﬁaﬁcgfééﬁaﬁg? %égelruln? F\Ig:ﬁ?hg‘lr% %\g‘fﬂ‘eﬂ‘ﬁ‘gzﬁ"@ tg gt(g)%rteg%rgé? ﬁl\%het her

t he | am naiaglelase bebnflédtingatows orrtepdvadedhestingt The présent iavanhiah alss ralptes ace
has been penetrated, and whether that |ami nate surface has been overprinted
or i over | ab@predartcaarly to sethedsiof reading; and exthenicating 2 samppsitemagg thet apngetser ns
that resp Jh Lar 8- Vi | - i . One exanple of a

comrer ci aﬁtﬁgh%'\g}qa#(?égbﬁ%g%sg%%?@{ f albgtﬁ‘% ﬁr&%ei&yiﬁe?%%etg%?_ M ConfirmlM Security

Lam nate with Floating I mages, which is sold by 3M Conpany based in St.

Paul, M nnesota. This security lamnate with floating imge is al so

descri bed pACKCROBAD ONOrHE BNOE8I86R B 1, "Sheeting with Conposite | mage
that Floats,”™ (Florczak et al.), which is owned by the sane assignee as the
present appl i cad$ tampenihg angaoumerfaifingoiodentifisaorodemmens, 20HES 0EEPITS,

PCT/ US2005ér?v?é§’z i%enses, identification cards and badges, and documents of value, such as bonds,

certificates, and negotiable instruments, increase, there is a need for greater security

20 features and measures. Using commonly available technology, it is possible to alter such
typed, printed, photographed or handwritten details in such a way that the document can
then show that the ownership of that document, or an article to which that document
relates, has been transferred to a party not legally entitled to that document or article. To
impede the successful tampering or alteration of such details, it is a known practice to

25 apply a security laminate over the top of such details. Such laminates may contain
security features that will indicate whether the laminate itself is genuine, whether the
laminate has been lifted or replaced, whether the laminate’s surface has been penetrated,
and whether that laminate surface has been overprinted or overlabelled. Other security

features can include printing or patterns that respond to ultra-violet or infra-red light.

30 One example of a commercially available security laminate is the 3M™ Confirm™
Security Laminate with Floating Images, which is sold by 3M Company based in St. Paul,
Minnesota. This security laminate with floating image is also described in U.S. Pat. No.
6,288,842 B1, “Sheeting with Composite Image that Floats,” (Florczak et al.), which is

owned by the same assignee as the present application. This patent discloses microlens



-2 sheetings with conposite inmages in which the conposite i mage fl oats above
or below the sheeting, or both. The conposite image may be two-di nensi onal
or three-di mensional. Methods for providing such an i naged sheeti ng,

i ncl udi ngWM82006B604%b1 i cation of radiation to a radiati S&TSBAYSOPEES nat eri al
| ayer adjacent the mcrolens, are also disclosed in this 5 patent. A variety
of security readers are known in the art. For exanple, U S. Pat. No.

6, 288,842, "Security Reader for Automatic Detection of Tanpering and

Al t er at i ontheetiiRmmifh cdmpesissanges isadueh thy comperste image Heatslrbryean delordbessi ng

informati g ut_.securt | am nat es. |l e of a,passport. rgader is
conmer ci alsﬁf/e%g‘ga‘igﬁ ba '(Lajrf f?er %ﬁmwmiﬁﬁa&?%%%ﬁ‘@@%% %orgﬁ or %gﬁﬁ"?lprﬁ"%'ﬁréagbt a and
3M AT, Ltr\dethb@ssieelpidwidﬁ&grm,an@ﬂh di sBeetingaindidingay thgpphividbiol leditage Reader

(fornmerly sold as the Al TTM i nPAXTM Reader). A variety of nmachine_ vision
systens arte agabelen ssninee mpterialdgyer adiapent dhe wsmlenseare algoglisslospd in thén by Dana
Bol | ard and Cpri stopher Brown is a text book concerning conputer vision or
machine viF&l8h. Comput er Vi sion discloses that conputer vision or 15 nachi ne

vision is the enterprise of autonmati and [ntegrating Wi r e of
processes and ‘ SHid% ehtesiydsadssee Rg‘t“”‘?/l"st}“ﬁ)ﬁ“p:g%‘é‘&fquﬁ.(j-gftep "%tﬁg ‘udes as
parts nmany &P : | : : i age

processi nés’%t ¢ a%é%%mlﬁ@agﬁﬁ%gﬁﬁgﬂ%ﬁw %Ctrngﬁg?n?w ﬁ %bnglsér#lggﬁ\elg?atg{r@

st ati sti cgMana} dietloses kasairity caterdior feadiap had poatssth@dhrmatidiabonysecapyl i ed to
general patterns, visual or otherw se), geonetric nodel.i n%é and cognitive 20
pr ocessi ndaminatess QR ssampla Ok RsspPLs resAer 1§ commrrriplly avadatle FremsiMnal

reprgpent %dn%&ngrba?ed ih gf.?ﬁggewgﬂébﬁ%h IMATE L%&.%a%é&’ﬁn{@ﬁ&u& Onblrcat e the

t hr ee- di nensi‘on scen r,  machine Vision systens are not used for
verifying Gdnad£xs SHecIM® Faill Fagh Rea®ir (Remefly S8id adlihepiSIonE A §eReadey. feat ure
and then authenticating such security feature by conparing it to a database
of security fea{ Yiesy ofmadlihdGugh spigangwsﬁs&h% thRUFC 98 e MmN At dAblEr
security features and security readers has been | npressive, as e

capabi | i t i\gsiopfwriteurydd{neiBodlas] awrhristphert Broswnak aégxt bbok soncemsng abl e t o

further inprove the ability to.indicate that a.security feature has been
t anper ed WPEPRUGF VSRR Wt ﬂ%?ﬁ-sézwhﬂs&ﬁﬂal%&f@evhamﬂmw g feiting,

2 L[l OlpachBRdi s W ent@Piscbit R and e bROLORRIAT of processes

and representations used for vision perception. It includes as parts many techniques that
are useful by themselves, such as image processing (transforming, encoding, and
transmitting images) and statistical pattern classification (statistical decision theory
applied to general patterns, visual or otherwise), geometric modeling, and cognitive

20 processing. In essence, machine vision is taking a two-dimensional representation of a
three-dimensional scene and trying to replicate the three-dimensional scene. However,
machine vision systems are not used for verifying the existence of a perceived three-
dimensional security feature and then authenticating such security feature by comparing it

to a database of security features.

25 Although the commercial success of available security features and security
readers has been impressive, as the capabilities of counterfeiters continues to evolve, it is
desirable to further improve the ability to indicate that a security feature has been
tampered with or somehow compromised to help protect against counterfeiting, alteration,

duplication, and simulation.

30



-3- SUWARY OF THE | NVENTI ON One aspect of the present invention provides a
system for reading and authenticating a conposite inage in a sheeting. The

system for. g nd authenticating a conposite inage_j bheeting
conpri ses:wg%@ﬁg’g )lgﬁg i ncluding a conposite imge that SPQJF}BS%O%/&?‘ "% he

unai ded eye to be floating above or bel o the sheeting or both; a reader,
conprising: a first canmera to capture a first inmage of the sheeting and a
first imagg 0 -,- O ,1-, o i Ble fl oati ng above or bel ow the sheeting or
both; a se Fecametrat o< a second i nage of the sheeting and a
second i mage of _.the conposite inmage floating above _or bel ow the sheeting or
both: and a conft¢ éﬁpe?{g}“ﬂ&%%“f H'&e'ftff@ HrPY'g?S?%Efé“ fpdeadang gl second i mage
of the sheg ] Hhddtn hfeding Strnk | [RGE Ao he
conposite iﬁﬁn%éélgc F}%atlg{nn&‘%gggve g(‘)lrnbe[.?%ml/ Phe S egﬁﬁ?%qga?ﬁ@%%ﬂd%o calccul}gtate
t he per cei yetmpdaiits imageinkedheamy comprisése eshaegnairet hidigy © oopesdit émagathet

fl oati ng above or below the sheeti.ng or both. In one preferred enbodi nent
of thé abodRPedryde tigunaisd sysiodin agting above ombriovdae gheetling gnbaBag B3¢ | udi ng

| nf or mat | Oganti’;ﬁ%%g:?%%iin%ﬁ  foE G 4 AR ilngal[gli?%‘ftt%bsﬂ%! ifdlanf %l Y ; e offiget i ng

or both an err - floating nces re ve to the“sheeting. Fn anot her
aspect of cdnipsiteirhagti fioanhg abdie ¢ bajowt the slenipabebothiesdebfid tarheragecagiurehe
conposite image that fl oats _above or bel ow the sheeting or both to the

dat abase o SBRpHEIEIhrgestineanddeieendimage of s spBPPLIE 1Meag H0aUnE 2 her

t of ' [ t : i ved
G Srance b saul T R R L e e P P O g

di st awces sevohdEnapatofiiassheétingund ford®mpatiap drt fireininagednd tdrond egie ofghe | N yet
anot her aspect of this enbodi nent, the cal cul ated perceived distance
mat ches t heonmasae ineagediaating above; o beloar e shasting of bethinealpyatsithe paeeiveshposi t e

of thi o erbagr o BEERnE AR LARETE A QOIRE AR ol AT P ERe

fl oating dilgt@ic@sbdtin t he dat abase for the identified conposite inmage and
the systemthereby determ nes that the sheeting is not authentic. In one
preferred embodivRiigtPrefertedempetiiantsfdherhove Resteny the sysigre furthen goBpHs@

.kl A . LN b di f
The: dBove ARREN AR BAERIPEAL AR AP UL HosPRBLERT BT TBRC ©
preferred grbogd siEtith and thoe BAHGDdIv@ncy $¢istiNe thhke sHeBisi Inenoiegsspappgar s

under reflected light to float above the sheeting. In yet another preferred
enbodi ment thiFenpbpdiape, de sompuig) CQWfﬁ\ﬂhﬁéﬁéﬁtﬂféage@gbﬂ composite image that floats

above or below the sheeting or both to the database of composite images to identify the

composite image. In another aspect of this embodiment, the system compares the

20 calculated perceived distance between the sheeting and the composite image with the
floating distances in the database to provide information about the sheeting. In yet another
aspect of this embodiment, the calculated perceived distance matches the floating distance
in the database for the 1dentified composite image and the system thereby authenticates the
sheeting. In another aspect of this embodiment, the calculated perceived distance does not

25 match the floating distances in the database for the identified composite image and the
system thereby determines that the sheeting is not authentic.

In one preferred embodiment of the above system, the first camera and second
camera are perpendicular to the sheeting. In another preferred embodiment of the above
system, the sheeting is located in a fixed position. In another preferred embodiment of the

30 above system, the composite image appears under reflected light to float above the
sheeting. In yet another preferred embodiment of the above system, the compqsite image

appears in transmitted light to float above the sheeting,



appears in transmtted light to fl oat above the sheeting. WO 2006/ 060090
PCT/ US2005/ 038758 -4 In another preferred enbodi nent of the above system

t he conposite i ma‘%e appears under reflected light to float bel ow the
sheet i ng. YPPO%YPRE: preferred embodi ment of the abovePSHESEI/ 08T

conposite inmage appears in transmtted hight to float below the sheeting.
I n anot her preferred enbodi nent of the above system the conposite inage

al so 5 appears to the unaided, eye tofbe t least in part in the plane of
the sheeting. Ah#9iksr psefpaed cgbodimgntdy é%f‘efﬁ%ovp RYRS$TR; R CHMBRATIG B

al ternati \éﬁ%e%)(ssﬁrﬁ@} ;e‘i’llfé%t:{ﬁ?giggg ﬂoﬁ%&@\mﬂ%es'meétﬁﬁt. ilﬂgnﬁhglpﬂ}?ﬁﬁe& EmbORERN N 2

sheeti ng. e system I'ng and authenti“cating a ‘conmposite inage in a
sheeti ng oftherabsessysens hleetdniysite rhagdiappeaas incieampmiticddighiragioadt belbwahpears to

t he unai ded eye to be floating above or .helow the 10 sheeting or both; a
reader, coR§5tPgi ifbf.“’oébeéﬁ ?W‘ﬁ%‘éﬁ‘&?’%‘“lﬁ’éf V& sysienyithe,eampqsyp UBREF 4s° second
posi t4 on, I3t : Lk i 'rp[ghnt- . a first image of
t he 5!sheeta ng:t'rc]a h%ﬁ}?%lé@téyi%rgg%&g?és% Le colﬂg%tg?l tgigé?fntgggﬂ éféFIg%ti ng above or
bel ow t he sheet, ng or bot wherein in th econ osition the canmera
captures a secOa'f{'a%leﬁﬁﬂ)gdo(?ﬁ{‘%%regeﬁggﬁeﬂtéon %{ﬁﬁl ) al‘:eg%&ﬁge%"[t]%rﬂgmi ‘%%ﬁﬁg of the
conposi t e shdB@8erdticefh NoARANE iRhpdRlOWedthe. Shealind fddreadinPatd; and a
conputer for conparing the first image and the second image of the sheeting
and for centbanticaing heompesite iinage)in asigeiswowmprisasgeshedtinghaciednpesi t e i mage
floating above .or. bel gw t he sheeting. or both t al cul ate the perceived

i stance GOTREUR mAREPSHRERRGS Dircritee sv bz Ttk bR SR above or

bel oyy t he sﬁéb@iﬂ% bNBotRY a RABE, cdiprigy: Alcainer ReveapRWRAta Mkt fdiRiocakaYe system
the system further conprises a 20 database including informtion about

conposi t e stapad @esitibmtwlicrainin tisdve positipe theganisea caphies 3 figt onagsftheand t hei r
floating djistances relative t he sheetin .n_anot her. preferre ]

enbodi menc PP e AR a B BhadrShris PRt UE At Br BN TR B b E0hagE of ¢ e
conposi t e hoihRaereltiatthd 434S paiREIhe Ean’_ﬁ@’a‘éh\{ﬁhfb@ aSBandiin@gObf tethketiagt he

dat abase of conposite inmages to identify the conposite I nage. |In another

pr ef er r ed andrbapdiraea secohd irhagea dheecanprisderimaes fldating geavsrar delepaibe shaehiag

cal cyl at ed_perceiyved di st ance between the. sheeti and the ¢ osite image
w thf ne Pr BEET R oot 38 SomiBEat: AR 5y PR R iber REMRon about

t he sheet isR@ting Bn@RR tBMpaihe Hir & dmepdadi BBitd iffagt BethakemBosivshepe t he

cal cul ated perceived distance of the floating i mage, above or below the

sheet i ng dloatyag #boverar bdiew thershetingaer hogh to calculate the perceived distance between

the sheeting and the composite image floating above or below the sheeting or both.
In one preferred embodiment of the above system, the system further comprises a
20 database including information about composite images that float-above or below the
sheeting or both and their floating distances relative to the sheeting. In another preferred
embodiment of the above system, the computer compares the first image of the composite
image that floats above or below the sheeting or both to the database of composite images
to identify the composite image. In another preferred embodiment of the above system,
25 the system compares the calculated perceived distance between the sheeting and the
composite image with the floating distances in the database to provide information about
the sheeting.
In another preferred embodiment of the above system, the calculated perceived
distance of the floating image, above or below the sheeting or both, matches the floating
30 distance in the database for the identified composite image and the system thereby
authenticates the sheeting. In another preferred embodiment of the above system, the

calculated perceived distance does not match the floating distances in the database for the



30 distance in the database for the identified conposite inmage and the
systemt hereby authenticates the sheeting. In another preferred enbodi nent
of the abQus.a¥ei@ the calculated perceived distance go@ssifosgRgch the
floating distances in the database for the WO 2006/ 060090 PCT/ US2005/ 038758
-5 identified conposite inmage and the systemthereby determ nes that the
sheeting is not authentic. In yet another preferred enbodi nent of the above
system t t LS. : i f I . ef erred
nbodi ment S e Aol inlBE 3o e sErr hER) BAGkhA pac Be ARBLALE B

refl ected dutlghtict in §dt@adthabyefenict embhéiaienngf the abaveaiyktem, fleshegtingds enbodi ment
of the above syste t he conposite imge appears in transmtted light to
float abovigcagkin "’sﬁ]’é“-’é]tl?oﬁﬁl.onl n anot her preferred enbodi nent of the above

system the comBORbiie: biTRGd GIRARAS HHETER LeRhetd difoshoutdat bel ow

t he sheeting. r preferre enbo nt "o ove system the
conposi t e appage uappeafictédilight anfoattabed: the gidetihg il aathel prdfietawenitheimbeet i ng.
I n anot her aspect of this enbodinent, the caonposite image al so  appears to
the unai de®¥f the,abqvg sydent the £981Posils 19RRE 2RRTRISHR UnumEedichtia ﬂ@ﬂ‘efé’t@f"ﬁﬂl.e In
anot her p, I hg C ra.d:

per pendi cu{hgétﬁ{r%qg ﬁggéggg&ért@fe?}ged%kgé?%ﬁ?%@ﬁ?&%ﬁ%tﬁ}g glreé%gﬁ'? ?ilténl\%a fion

provi des asppairs andatreflatsyisghe o flodt bepadihaghecting. Biydansthenirefegred conposite
image in a sheeting. The systemfor reading and 15 authenticating a

conposi t e ¢kgimpnt of thembere sypierbripe PYBROSILE IBARSATIPAY S i prmmitiel BghldoApdsi t e

i mage .t hat r t I . - t] e . w t he
sheet(:al Png; %eq(?‘gg%esﬁlf 5’[@1&3[8iaﬁ?tﬁiégﬁgefgéggﬁg?gg%@n g‘%skhgg:to ﬁﬁ’éy‘ﬁ%ﬁ{%?%ﬁveam e

bet ween a fpest to hesinhided eAn® iR B ¢aerd paAsH tHePlancWieieaihRedhe Inafsmbens
sheeting is positioned on the sheeting holder, wherein in the first

posi tion tPreteEgdempodiaant pethe abeye systemaihycaptera in perpgndinelat forihe shegiBg-f i r st
| mage of the CogpagLlg é&%?ﬁ]ewr%%}ﬂ iﬂgerﬁf%%?mﬁgesba%'a‘?t‘é{ntaﬁ% %g?e% ot Jeallin bot h,
wherein in the Sécond BOSI I'o e caffera‘captures a seco I ' magé o & he

m crol ens ah@&idntigatigt @niReRd indgetay e skdetihhe Thosash f@ reddageadd oati ng above
or below the sheeting or both; and a conputer for conparing the first inmage
and tlhe sedwRRNLCHHIPA GNRATHE UIBRELAN Arsheching CPBPTIsSHD slkdeHBe iBIding &t | nage and

second i mage of.the cqoumposite. i e 25 fl hng above or bel,ow fhe sheeting
or both t ogurei Hra R it e  (BE T nA20 b GBI SRk oLRUBH B and < he
conposi te $H€Eﬂ§;;%'r@ﬁet, RENPPIOME: DEarkeh NdlaNBeS&RRINIRE nffve i Betwlebn 8 figst
preferred enbodi nent of the above system the systemfurther conprises a
position and a second position, wherein the microlens sheeting 1s positioned on the
sheeting holder, wherein in the first position the camera captures a first image of the
20 sheeting and a first image of the composite image floating above or below the sheeting or
both, wherein in the second position the camera captures a second image of the microlens
sheeting and a second image of the composite image floating above or below the sheeting
or both; and a computer for comparing the first image and the second image of the
sheeting and for comparing the first image and second image of the composite image

25 floating above or below the sheeting or both to calculate the perceived distance between

the sheeting and the composite image floating above or below the sheeting or both.

In one preferred embodiment of the above system, the system further comprises a
database including information about composite images that float above or below the
sheeting or both and their floating distances relative to the sheeting. In another aspect of

30 this embodiment, the computer compares the first image of the composite image that floats
above or below the sheeting or both to the database of composite images to identify the

composite image. In another aspect of this embodiment, the system compares the



dat abase i ncluding information about conposite inmages that float above or
bel ow the sheeting or both and their floating distances relative to the

sheet i ng. léﬁc??&‘?"h@%r aspect of 30 this enbodi nent, the §8%g%@ﬁ/9%g£§0ar es the

first im conposite image that floats above o “sheeti ng
or both to the database of conposite iuogges to identify the conposite
i mge. In another aspect of this enbodi nent, the system conpares the WO

2006/ 060090 PCT/ US2005/ 03875 -6 cal cul at ed rcei ved di stance between the
sheet i ng SHEHTRA PESREL ARG rRescn Th Spss e P e P e e RS S he

dat abase fgatRipQiiitateel I RE ARLbAD tePRVidetiMrERRNt b3t tht BhedNQf "B anc@epect  of
this enbodi nent, the cal cul ated perceived di stance matches the floating

di stance aspacttdiéhid ambbdigent, the qatralaterbparediyesdligamsasitehes itheefenting distdise sy st em
t hereby authenticates the 5.sheeting. In yvet . another aspect of thjs

enbodi ment” tﬁ? H@taﬁaép ?‘Bfl 8¢ E&“Hﬁ%f%&p@%ﬁ%gga%@d _ sé’ﬁtemttﬁ‘é‘%gﬁ' B‘é"BFm&a{?F Heances
in the da&&@ﬁﬁ%e fnOfet hitRhdrA8Rct bf (B HUTARSIN: Qhé BRORaRNdistdA8e ¥ tRMmatdher eby
determ nes that the sheeting is not authentic. In another preferred

enbodi menthedioatingdistaoves i yhet dapbasaiier fhiendentifigdermponid imegoard the aystema ar e
perpendi cyl ar to the sheeting. In.yet apnother aspect of this enbodinent, the
10 sheet i ﬁ}jrqbé' dﬁﬁ&‘&i”&ﬁit}laﬁ&’ﬁ Sg?eil.é‘ﬁ ‘%‘?)‘é‘iaP{?'Sw.lc'l n another preferred enbodi ment
of the above SysiRMer pREerFQIRRRIdBert TREUR BOREY sEent Melefirst S8 hfsdkb@ht to

fl oat above the sheeting. In another preferréd enbodi nent of the above

system t benarenpgeipadicnhg e hppkbatiogi M yat naotben aspeed of ihjfembalihbmatheabove t he
sheeting. In.another preferred .enbodi nent of .th bqve syste t he

s e eRHBE R A a S A POF BPR BT BT riodi i b s
sheeting. oJsinARt &ﬁﬁpo@ft@f:ﬁigre%*a@e@%’de??éﬁec&ﬁ Heh€toFRAY Soov¥ PhEdReetid}e 15OMPOSI te
image appears in transmtted iight to float Del ow the sheeting. Tn yet

anot her aspeldr poéfetréd embaivinenti aftint abovh ey staompbs cdmepdsitegeag appeappears to t he
unai ded eye tq be gt least.in part in he pl ane .of th heeti ng. Anot her
aspect of NEHENFLLE o iehpToRe shesttetn snolsr RieTE abediTRen: ghiic20

aut hent | CRdvady AR SBinbSsiteTRAS: dthodrs WG T IPAORScROMRE! SeS ( he
steps of: providing a sheeting including a conposite I nage that appears to
t he ldnai degettye In@nbther preteateil rgnbabimwat of thoebow dyktems theebmpgsitr intage h;

recording a first image, of, the m.crolens, sheeting and recordi a first
| mmge of BRESSGRBRITEC fekydo foddEiary asbosing: IhEfaaPHePeHdihg or bot h:
recor di ngexﬂb&cﬁﬁx@ﬂ[ﬁ’tﬂef&%oﬁie ﬁr?age 056 ARhERSo SNEGI4i R 30 ¢h HEHILL iﬂﬂ)a"ﬁ 4> second

i mge of the conposite I nage oat I ng above or bel ow the sheeting or both;
the plane of the sheeting.

Another aspect of the present invention provides a method of reading and

20 authenticating a composite image in a sheeting. The method comprises the steps of:
providing a sheeting including a composite image that appears to the unaided eye to be
floating above or below the sheeting or both; recording a first image of the microlens
sheeting and recording a first image of the composite image floating above or below the
sheeting or both; recording a second image of the microlens sheeting and recording a

25 second image of the composite image floating above or below the sheeting or both;
calculating the perceived distance between the sheeting and the composite image floating
above or below the sheeting or both by comparing the first image and the second image of
the microlens sheeting and by comparing the first image and second image of the
composite image floating above or below the sheeting or both.

30 In one preferred embodiment of the above method, the method further includes the
step of: providing a database including information about composite images that float

above or below the sheeting or both and their floating distances relative to the sheeting. In
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structure is referred to by like nunmerals throughout the several

method, the composite image appears 1n transmitted light to float below the sheeting. In

yet another preferred embodiment of the above system, the composite image also appears

20 to the unaided eye to be at least in part in the plane of the sheeting.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be further explained with reference to the appended
Figures, wherein like structure is referred to by like numerals throughout the several

25 views, and wherein:

Figure 1 is a perspective view of one exemplary embodiment of a reader for
reading and authenticating a composite image in a sheeting of the present invention;
Figure 2 is a top view of a passport including composite images that appear to float

above and appear to float below the sheeting;

30 Figure 2a is a photomicrograph of a passport including composite images that

appear to float above and appeér to float below the sheeting;



25 views, and wherein: Figure 1 is a perspective view of one exenpl ary
enbodi ment of a reader for reading and authenticating a conposite image in
a sheeting of the present invention; Figure 2 is a top view of a passport
i ncl udi ndgg&ﬂ%ﬁ’g?"[g i mges that appear to float above BnHUSHBEEE ™0 1 oat
bel ow the sheeting; 30 Figure 2a is a ghotoni crograph of a passport

i ncl udi ng conposite images that appear to float above and appear to roat
bel ow t he sheet.ing; WO 2006/ 060090 tPCT/ US2005/ 038758 -8 Fi gure 3

per specti ve v.%aprsf it A@cEesysMevorl e grpRerbobbighrs % siee rpd DHénG T8 of
Figure 1; df .4 is a side, cross-sectional, schematic view of the
passport rea r and passport of Figure 3; 5 F| gure 5 illustrates a
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i nventi orpasﬁjogwfq:@nbly,l ustrates a schematic view of another exenplary
enbodi nent of the canera in the systemfor readi ng and aut henticati ng a
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|IIustrates a sChematic view o anot er ex odr ment of the
canera i nntthk:asystestﬁméadrngr@aduﬁ@nmdngutchmpbmteatrraggmaa sieapasofitke preage in a
sheeting of the present invention; and Figure 8 illustrates the optics
associ at é8VeRtoR; t he embodi nents of the systens 15 illustrated in Figures
5-7. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The system of the present
invention r ead“siguretﬁdﬂpsjsatetsel scheigatia View oéppebersxemplaey ersbebmanted thor t o

fl oat, above, in. the of , and/ gr bel ow a sheeti The syste f the
20" pr s erfaert bt v f e Bl eaBSisRG ararG i< bienaR § STFeRBs &f Bee

whetifer b8t indertf¥@et i Ng having such a conposite image is aut hentic or not .
The system of the pr ésent invention is for reading and authenticating a

conposi te image xjé%tlg&{%ﬁa? asch&natptl %Tg&%mﬁ%?e){eﬂtﬂ? ity Sy fehRBlnIG &bﬁx € or

bel ow a sheeti n conposl ge as taught in U S
Pat. No. dameBBind4&syBteln fdr'réddéng M&uﬂ&h&dﬁﬁtlnga cohipesitd ifrghgwiid i sKeetiposi the

present invention; and

Figure 8 illustrates the optics associated with the embodiments of the systems

15 iltustrated in Figures 5-7.

DETAILED DESCRIPTION OF THE INVENTION

The system of the present invention reads a composite image that appears to be

suspended, or to float, above, in the plane of, and/or below a sheeting. The system of the

20 present invention is also useful for providing information to a user whether or not a
sheeting having such a composite image is authentic or not. The system of the present
invention is for reading and authenticating a composite image that appears to the unaided
eye to be floating above or below a sheeting or both, such a floating composite image as
taught in U.S. Pat. No. 6,288,842 B1, (“the ‘842 patent”), “Sheeting with Composite

25 Image that Floats,” (Florczak et al.), which is owned by the same assignee as the present
application, and which is hereby incorporated by reference. These composite images are
actually three-dimensional, optical illusions, and they are perceived by the user to either be
floating above or below the sheeting or both. The system of the present invention assists
in calculating the distance that is perceived by the user between the composite image and

30 the sheeting in this optical illusion.
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i dent i f i caflogiimg above or below the sheeting, or both. The ‘842 patent provides a complete
description of the microlens sheeting, exemplary material layers of such sheeting, some of
20 which are preferably radiation sensitive material layers, examples of radiation sources for
creating the individual images, and exemplary imaging processes.

The sheeting having a composite image as described in the ‘842 patent may be
used in a variety of applications such as securing tamperproof images in passports, 1D
badges, event passes, affinity cards, or other documents of value, product identification

25 formats and advertising promotions for verification and authenticity, brand enhancement
images which provide a floating or sinking or a floating and sinking image of the brand,
identification presentation images in graphics applications such as emblems for police, fire
or other emergency vehicles; information presentation images in graphics applications
such as kiosks, night signs and automotive dashboard displays, and novelty enhancement

30 through the use of composite images on products such as business cards, hang-tags, art,

shoes and bottled products. The system of the present invention for reading and

authenticating sheeting having a composite image includes a reader for reading and
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floating image. Figure 2a is a photomicrograph of a close up view of a portion of an

20 actual document of value mcluding floating images. In this embodiment, the document of
value is a passport booklet 14. The passport 14 is typically a booklet filled with several
bound pages. One of the pages usually includes personalizatio.n data 18, often presented
as printed images, which can include photographs 16, signatures, personal alphanumeric
information, and barcodes, and allows human or electronic verification that the person

25 presenting the document for inspection is the person to whom the passport 14 is assigned.
This same page of the passport may have a variety of covert and overt security features,
such as those security features described in U.S. Patent Application 10/193850, “Tamper-
Indicating Printable Sheet for Securing Documents of Value and Methods of Making the
Same, (Attorney Docket No. 59777US002) filed on August 6, 2004 by the same assignee

30 as the present application, which is hereby incorporated by reference. In addition, this
same page of the passport 14 includes a laminate of microlens sheeting 20 having

composite images 30, which appear to the unaided eye to float " Lier above or below the
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tvtvg E;?:H%ls representing the country. The other pages of the passport booklet may
20 contain blank pages for recetving a country’s stamp, as the person 1s processed through

customs.

In the past, when a passport has been presented to a customs official as the person
is being processed through customs to ¢ither leave or enter in a country, the customs
official would typically look at the passport 14 with his unaided eyes to see if the passport

25 included the appropriate floating images 30 to verify that the passport was authentic.
However, as counterfeiters become more and more sophisticated, it may become necessary
in the future to provide systems that assist the official in verifying that the passport is
authentic based on the security feature of the floating images. The system of the present
invention first verifies that the passport or document of value contains at least one floating

30 image 30. Then, the system verifies that the floating image 30 is the correct floating
image 30. Lastly, the system verifies the perceived distance between the floating image

30 and the passport page having the microlens sheeting, known as the “floating distance.”
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18, whi ch cbsvenient for readmg the floating images 30 and the personalization data 18, which is

explained in more detail below in reference to Figures 4-7.

20 Figure 4 is conventent for illustrating the inside of the passport reader 14 when the
passport is being read and verified. The passport reader 14 can read the personalization
data 18 from the passport and to perform this feature, the passport reader 14 contains
many of the same parts (not illustrated) as the Full Page Readers sold under the 3M brand
from 3M Company located in St. Paul, Minnesota. For example, the cameras in the reader

25 10 are also used to record and transmit the personalization information on the passport to
the computer. However, the difference between the passport reader 14 of the system of
the present invention and the Full Page Readers is that the passport reader 14 of the

present invention can read and authenticate floating images 30.

The passport reader 14 includes light source 52, a mirror 54, and at least a first
30 camera 58. The reader 14 may optionally include a second camera 60 (Figure 5.). The

mirror 54 is preferably a half-silvered mirror that can both reflect and transmit light. The



explained in nore detail belowin reference to Figures 4-7. 20 Figure 4 is
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personalization data 18 fromthe passport and to performthis feature, the
passport reader 14 contains many of t he-sanme parts (not illustrated) as the
Ful | Page Readers sold under the 3M brand from 3M Conpany | ocated in St.

Paul , M nreiseliés sheting 2010nltee pdsblﬁ)rcmmrvﬁ?@vdbﬁb thheigheladglassAbindOwaile Aal so used
to record and transmt the persaonalization information on the passgort to

the corrputnéﬁntmrlﬁﬁ/@%e the ﬁléCféﬂefl$ drearive bRiclasehly {nrdudsa addaysr of PAERIERS 44 of t he
system of H ﬁ&gﬁeap att‘ﬁm&{g tlv%'?n el ife, ful | Page Readers is that the

passport rea resen i nv t| on can read and aut henticate
floating inmage

30. Th d 14 | ud ht ,
mrror 54, and%‘éltan F’é‘ﬁg}f Stﬁ’glfme“o‘ot %ﬁ}rr’é’?faS ’g%"%ﬁg‘s‘#@ége“rf’ %ﬁg éa‘b‘ﬁﬁtiognal ly
incl ude a b%ﬂ%@ﬁgﬁ%ﬁf& ﬁ%ﬂélﬁﬁegdéhﬁera%g THi® GrrafBehdcql 1s§ﬂcﬁ fﬁa\o h%flﬁT?r‘?&M a

hal f-silvered mrror that can both reflect and transmt
2006/ 06009k: Egﬁ[/sbjseé)dgﬁﬂﬁﬂé’cﬁﬂi off 118 hnilfesbeedsnisioeatp tngheza1cmmienshfélepta&§qzror t 14

i's vremable t hr ough th |on d a ove rol ens
sheet i ng 28bsials tﬁf‘caﬁﬂe énqotgﬁ’éfef@ﬁeﬁbgqb‘ig Hﬂh%l ‘i‘ﬁﬁé?dc .
radi at i 0“&1?93?5&5%(@1;1@@&%%% R 8 il Rrard A &%%”ﬁlh%rl%,hf’ggﬁﬁt Efhy ! he m nor

54 is positioned at a angere ative to bot h 52 and

t he caner pr&8de fiphtof arceﬂmgemsalbngth suarieet] hight, bhe:tﬂorcgjhtteﬁrlxgm Theetetm ght
source 52 is reflected off the ilvered or p.to the mcr.ol ens
sheetd ng oretmgd{fvg@aﬂ%mfé herginifg fch egiy gie&g} ﬁtérl&%wcrderqq&mrlaéck down
through el artiphRERY its A A, S} 86 SGAMBAR Murn3%o el T at ed
in Figure 4. The ITght source may provid I ght o a certain vel engt h,
pol ari zed sbughbr thenmnetdiaos etinﬁgtthmledﬁ Qltetrore'ﬂheted hghﬂriﬁrefere&drhﬁcaideecheépﬁ as

used herei refers to the attrlbutg refl ecting an inci dent |kght ray in a
di rect i on SHRtRGEYIEMIR the grinted prifenaizationinfrEtafigh on die Rrssory! 4 sakingdhe t hat it

returns tc}ltahgg}nh t30 e%g’iiéffbevl% the immediate vicinity thereof
te

Retrorefl ec referred because it helps elimnate viewng the

printed personaliza |nfo onthe ort 14 kln floating

i magiSe 30 easi e?llhted QACE\?\P “ﬁqﬂ bOPa?’oCﬂHE’ya ?Eﬂrﬂnﬁdeovg 8?‘7‘%&6??9 Yanera

58, one W%%%@ra§@8%(ﬁa§§ﬁeus@éd mhM&e‘El@ﬁﬂﬁ@?efé%noeﬁ@Fx@ﬁeﬂS-%C'@n%%‘iain leghor e

detail in reference to Fi gures 5-8. One exan'? ; of a suitable |[ight source
¢ roo

52 is comvérchiatlylightsohmbl5e if oommeraintly avaikd dtugebxj nc. located in
Palatine, Hlinois, a white, clear lens, TI format LED, under part number SSL-LX3054

UWC/A. One example of a suitable camera 58 is commercially available from Micron
20 Technology, Inc. located in Boise, Idaho as a 1.3 Mega-pixel CMOS color sensor camera.
One example of a suitable half-silvered mirror 54 is commercially available from Edmund

Industrial Optics located in Barrington, as New Jersey, having part number NT43-817.

The system includes a computer 56 (illustrated as box 56) in communication with
the camera 58. The computer 56 processes the information obtained by either the first
25 camera 58, second camera 60 or both cameras 58, 60. Any computer known in the art is

suitable to be used in the passport reader 10.

Figures 5-8 illustrate three different embodiments of the reader 10. In the first
embodiment, which is illustrated in Figure 5, the reader 10 includes a first camera 58 and a
second camera 60. In the second embodiment, which is illustrated in Figure 6, the reader
30 includes a first moveable camera 58a. The camera 58a may move along a track inside the

reader and be powered by a motor. In the third embodiment, which is illustrated in Figure



Pal atine, Illinois, a white, clear lens, TI format LED, under part nunber
SSL-LX3054 UWCJ A One exanple of a suitable canera 58 is commercially

avai | abl ewlg amdegsoon 20 Technol ogy, Inc. |ocated in Bopggushehaissas a 1.3
Mega- pi xel CMOS col or sensor canera. One exanple of a suitable

hal f-silvered m nor 54 is comrercially-Bvail able from Ednund | ndustri al
Optics located in Barrington, as New Jersey, having part nunber NT43-817.
The system tH@CAaHQ%@IS%%H&?rmﬁ@ holdet 364 4f8h&HasdForP P is3RdvdaPle GATITRENCAL | ON
with the camera 58 he comput er 56 processes the i nf ormat 1 on obtai ned by
ei t her t héhe ¢anatra 58. Ehcrbmldeﬁﬂarwann@ aeinps wadOomtop bbtie reaivenadbs8, 60. Any

t K th t abl t t d 10.
Frgures. ORI Byt Moty mpeBolgrt RenerierebRBapiiRnibe B ThePROBREr 10° T n ¢ he
first eniamodERdnts Mﬂag&:hed M Flgﬁrusssnaér@mdgeﬁw ug ® p‘?owtﬂ@@t 1@&%@1@6 vitsighcl udes

a first canera 58 and second canmera 60.” I n the second enbodi nent, which
is ildustnth mntrolnnﬂl‘gammmandhbe ﬂead@miage Boic Thelasagas Hf thetmimmlemabl e caner a
58a. The c nmer a noyve a a track jnside the reade e powered
by 0t o heE e g FIOL N APSA TR CHPEC 6 CPTEGUTeaE BEMLOG-OBERE. Vi
20061060098, vatlol Qter 86 for it ﬁ%TET t but a

hol der 38a ogﬁ%?g pas?go t e??i |foslr rmveégk(fbgsre at%v@%%ﬁg?gg%ggggogd% The

hol der 38amagy7hof/the aticmnipna sheet ok aeneprpdafaghie!lydadenealare’2. phedirsd by a

notor. The hol %Er cf>8a pr ef era} }( i ncl udes the glass 40. The three

enbodi rrent‘%‘ag? &1 SeCRef IMpge; gﬁ the cgmpog gr’t@é&F Wargdepistefr ovi de at

| easy r-Ql I 30.
The |rra eng%%‘{ﬁHgfb%Ebg%O etlrr?sn((\1 @hgglﬁlfﬁgqg%éand ?&’%ﬁg%ggg’tf qgfrcg@ %gsptured
on the carsbeeamlgm&gﬁmmaaablsy 66 comBuantb. T}neaﬁxsmrmatgemtandtsmndmﬁmgetmoﬁﬁefor

further processing. The first e 70 and e ond image 72 of the mcrolens
sheet i ng Hoat U phageey agv a%rae%d \gragwowsv@g SGoTaRE SXSTPiRL emb?i«fﬂenﬁ Hege 74
and secon f r C 10

G aphi ool 15oBe Rl ed 730 e FORRRG R e e Al BERR e R TnSREIEEE 72 o

t he m cr oldewesssed heetférmgreao EignonPar ed by the conputer 56. The first inmmge 74
and second image 76 of the floating inmage 30 are conpared by the conputer
56. |9 one exermphat B iRisdatts W Uptict BocihteB oL thOemBddiméas of thealySteeasur ed
relative to the center of the canera planes 66, 68 as discussed in

r ef er ence ilustEtegun Eigres1 57 FFepsimphcity, El&ltfr &ilbistratea Hpt p@merasm@gﬁ plaeci66 t h

Fi'gura 8 1A ASEooRt SAMEra Pt Pagh el ol (kg E e e Frtindge plac 6 MRy bE' 1

part of the first camera 58 and the second image plane 68 may be part of a second camera

60, as illustrated in Figure 5. However, the first image plane 66 may represent one camera

20 58a in a first position and the second image plane 68 may represent the same camera in a
second position, as illustrated in Figure 6. The optics illustrated in Figure 8 represent the
same relative measurements for the embodiment illustrated in Figure 7, where the
microlens sheeting 20 moves relative to the camera 58. In addition, the optics illustrated
in Figure 8 represent the same measurements for whether the composite image 30 is

25 floating above or below the sheeting 20. Preferably, the position of the sheeting is fixed
during the first and second pictures of the sheeting 20 by either the first and second
camera 58, 60 or by the single camera 58. Alternatively, the single camera 58 is fixed
during the first and second pictures of the sheeting 20 and the sheeting 20 moves from a

 first position and to a second position using holder 38a. Regardless, the system preferably
30 captures two 1mages of the composite sheeting 20 and the floating image 30 from two

different perspectives.



and a second canera image plane 68. In one enbodi ment, the first imge plane
66 may be part of the first canera 58 and the second i nage plane 68 may be
part of aweeundcwshrera 60, as illustrated in Figure 5 .PHERR0eV(38T188e fir st
i mage plane 66 may represent one canera 20 58a in a first position and the
second i mage plane 68 may represent thel¥ane canera in a second posi tion,
as illustrated in Figure 6. The optics illustrated in Figure 8 represent the
sane rel ative nﬁlafsmcasnmmhesxts‘iﬁusttdml ierﬁbgmli: ﬁmrﬁfoibhluslhnﬁgﬂﬂd;saariébgp’fe 7, where
the mcrol ens sheetiing 20 nove atlvet ra 58. detlon t he
optics illRYFR am'?rﬁgqﬂﬁ ghfeang Sgé‘ﬁf’o? gﬂ’é’%&%ﬂ‘@ a(5’1"3\/\141et her
t he conpos i
Prf or apl y. Q! gy i et E"é“@ﬁéE%fﬁ"?@tﬂf“;ﬁ‘ﬁ*‘@“%iﬁ‘gﬁﬁ‘ﬁ?“# P g
second pi ci&:rﬁsemfallvhéesymm|mcg3n?;@1r1bgthaa ﬁrhemalghencﬂ thestaccm’aidrrmgcoﬁdle canera

| e canera .58, ternati canera 58 is

58, 60 or t he y, fhe si
fixed” durWFdOlFPlseﬁ‘F?t?% and fgmparing the }rﬁttlﬁ’ra‘é?s E’PWE{ %&Wpé’ﬁ’ée t he
sheeting 2&1%3%%3595&;% BélB%tthfp%bﬁﬁ%)@o %@tﬁe%ﬁ SEGANGnPASLEH MedsiitNg

hol der 38a. gardless, the systempreterably 3 aptures two | nages of the
conposi t e streptfonthe Aratingldistaecd. | oat i ng i mage 30 from two differ ent

tives. W) 2006/ 060090, PCT/ US2005/ 038758 , - 15 T
Tl natrated i n FhGURGSnaR 8 itsiudesh R o T
m crol ens &F%ﬁﬂh Gecdfld LAt A%0R RAGEAR! falseddhd2fheldNend &Pﬁr&d ocbiRoEn ihagat ! no

above or owt e sheeti ng, s usefu or authenticating or verifying
t he gheeti pulgne&&) T}Esﬁlenaddadebqnd daheras)58t €itboth isdugeed foogl letgh fFrftthéinkege and

t he second i nmg %Ee 5 mcraql ens sheeti ng and conparing the first inage
and second Mégé’r%?ra thediaad second qameras P B0 a1g sy by 6amerap aiithihg franc

sheet i ng, t é@g%: I :
floating dfbgtlal%?%hg %el irst e‘é%i%ag%%%@@I6g??§§g§{tg&eéc}1@g& c@%(ré‘gﬁtdegﬁg{e 2 and a
first caneimmagephme 6plhane cerfiér goiet 30h&'hs dahng@rieT i rhidhsured|fidetheaestecond

canera lens 64 and a second canera inmage 10 plane 68. The first and second
caneras 58PoiBetihe srMGIR IRES f&arfeéé%theﬂf*erﬁgnf the-qameggs. (haifirst) camerag2s talses a

Pr ef giabl yflrSF E%tufr recorddt E@féé% {8 Tiila & oPffe sﬁ&nﬂégg%hﬁ‘tﬂeaﬁoa% Q% e Y9 Lh_the

sane foca ngt canera mage pl ane as a cen ol nt 78.

The secondThaseord cammg 60 plkes e séBnd pRtiie, cedtirdy oapttiresdsecditbintape @lf theengt h
"f" is measured fromthe center B{gl nt of the canera, inage planes to the
| ens of t heheghpsrhand thy doptingimaga Al AhsBrst grags of ﬂl‘fsqur?@tls &eéftnaﬁr%OISr ecor ds

or capt ur eg @ LiESLonkMREGIS onHEARPESIIMER ARG 4 £hoaLL RArbERES B

first image of the floating image 30 is represented schematically on the first camera image

20 plane 66 as reference number 72. The second image of the microlens sheeting 20 is
represented schematically on the second camera image plane 68 as reference number 74.
The second image of the floating image 30 is represented on the second camera image
plane 68 as reference number 76. The lens 62, 64 of the cameras 58, 60 are preferably
orthogonal relative to the microlens sheeting 20.

6‘ Exl

25 Distance is the distance between the second image 74 of the microlens sheeting
on the camera image plane 68 and the center 80 of the camera image plane 68. Distance
“b” 1s the distance between the second image 76 of the floating image 30 on the camera
image plane 68 and the center 80 of the camera image plane 68. Distance “d” is the
distance between the first image 72 of the floating image 30 on the camera image plane 66

I’.L k>l

30 and the center 78 of the camera image plane 66. Distance “c” is the distance between the
first image 70 of the microlens sheeting on the camera image plane 66 and the center 78 of

the camera image plane 66. Distance “e” is the known distance between the centers of the



The second canera 60 takes a second picture, records or captures a second

i mge of the sheeting 20 and the floating i mage 30. The first inage of the
m cr ol enswahaetvdageo20 is represented schematically on tpagafshéslozeager a

i mage plane 66 as reference nunber 70. The first inmage of the floating
image 30 is represented schematically dff-the first camera i mage 20 pl ane 66
as reference nunber 72. The second inmage of the m crolens sheeting 20 is

represent @gls %gr@n@ftth@@dd]afragnms]twc@gc’qadneq@.mwhagaﬁl Bisanse B3wasn thef er ence

nunber 74. The second inage of the floating inage 30 is represented on the

second catass §2i ffeefshe pimgres 58 64and dieanisrdensiheding 206 A Rididnelpeig®dtheads of t he

caneras 5 are preferabl thoganal relative ta the m. crol gns sheeting
20, 26 bi Dt ¥k B B B aud ke SRR iie < Bei R e Bl he

m crol ensfsher@dsi ng on the canera i nage plane 68 and the center 80 of the
canera i mage plane 68. Distance "b" is the distance between the second

| magg 76 of thAskloald i & HeaRasthelfld BRUGKISGA b MICR e TRE dRBcLe
center 80 of the canera ihage plane 68. D stance "d" Is the distance

bet ween t He’, ff% std Tatmgekidwndistahessfhseaitanigw tigeaddd 1 ®is tule TlanBoaingnage

pl ane 66 30 and the center 78 of the caneig inagﬁfghgne 86. D stance "c" is
the di st afSEBRPLBFANGEHRIS the pudmopRgizanee bhe Pt FHMSHEISERERtE A5'™n t he
camera i MygenplsaRe difrRBaldIGosRNtifinct8adfollohbe canera i mge pl ane 66.

D stance "e" 1Is the known di stance between the centers of the WO 2006/ 060090
PCTTS2005/ 038758 -16 lens 62, 64 of the canmeras. Distance "g" is the known
ort hogonal di sh&rc#(ddet ween thml | ens 6@¢=8hc-af the canmeras 58, 60 and the
m cr | ens sheeting 20. A relational point other than the center point of

| ens "coul d be used with appropriate nodification of the math formulas. 5 As
a result, the Pyvtlehleaad gremssack oties toatanes olibthe didtances ‘&, anddiktandés “fThe

di stances "e", "f" _and "g" are known_di stances based on how the reader 10
is built. The fegaly di stante oR=dt®¢ance p is the unknown di stance. The
systen1ca|cu|aggszg&ggance "p" usipg dqge measur ed di stances and known

di stances as follows: "'h/e = f/(d-b? a%d g/e = f(c-a) 10 Divide W and g/e
by each other to cancel out the distances "e

i dl-sb) -t oh ~“which p%vei‘de:s 'cI éaﬁgu-lﬁ?onq”or( (gléttg)me “h™:

h = g(c-a)/(d-b)

and di stances"?': h/e =

[ ) ]

Now that distance “h” can be calculated, the floating distance “p” can be calculated

as follows:
p=gh
20 The example below provides calculation of actual floating distance based on the formulas

above.

5 bE)

The system’s computer 56 calculates the floating distance “p.” Then, the computer
can compare the floating distance to the database of floating distances. This enables
inspection authorities to identify any anomalies or discrepancies between the data

25 presented by a traveler and data held in databases. If the calculated floating distance
matches the floating distance in the database for the identified composite image 30, then
the system authenticates the sheeting 20. If the calculated floating distance does not match
the floating distances in the database for the identified composite image 30, then the

system determines that the sheeting 1s not authentic.



15 which provides a calculation for distance "h": h = g(c-a)/(d-b) Now that
di stance "h" can be calculated, the floating distance "p" can be cal cul ated
as fol | owawoposs/ogeke 20 The exanpl e bel ow provi des cal cul e¢Tos200§/088ci8ual
floating distance based on the fornul as _above. The system s conputer 56

cal cul ates the floating distance "p." Thén, the conputer can conpare the
floating distance to the database of floating distances. This enabl es

i nspecti on aut Hatld émtsodiments dhisirfityd amyigamrs 56, lesysemdnslodena eisesnebet ween
the data 25 presented by a traveler anéi_data el d.in databases. If the

cal cul at ed¥Pf ?‘rf@ke&iasef/réﬁ%‘ge 2 peond Haage of 4hs myreleat diewns 4 bt abase

for the i lihd LRSS I 30%e i D& Yirekd: 1, jF@tes the
sheeti ng ggallé t ee cal culctgﬁlg(?@?)ggti%b %l?stlgnttg@ %gazlsgr@oef&ﬁ%t% t he
fl oati ng dbsintdessfitshandhecdat mirgse Fonntthee) the ndmén echyonoposithex) mage 30,

then the system deternines that t sheeting is not authentic. WO
2006/ D600SHCHEr ’(365‘7@‘Sgg@f’é}ng-297tll‘?§‘?”laﬂéelén‘gﬁﬁi‘rﬁﬁrﬁtr%a}iWOF%%YPH’E%HSi n Fi gures

5-8, the ingl t N r t f - e and a
RURLLOT S reifi%e Blnd SREtnENG adggﬁﬁé@ﬁftﬁgﬁgra r@gggk@muﬁtrpﬁé irh

second i mage o m cr ol ens sheeting ting 1rmage . The
canmer a mayfthevsheetmgpany cdinpesitd iamgeel ati ve the sheeting 20 to obtain these
first and second i mages. For instance, the canera nay nove in the x, y, or z

5 direction rellah¥Bet Dtebli¥ive BRBLAIRENLEE reflet €4 (@it iVi@tnited), i ad@mdayBY
rotate around its_center of mass relative to the sheeting. In addition, the

carmer a mayravarengiiked focal-lengihssmergt In Hus enbediinge, thedingdniosss ¢amdramsges. | n

anot her alternati nmbadi ment. of reader ;14 .(not ill ustrated the ader
my have AR RaEh PR bish end EHEra POrHOT horboudiBbhThEN snebile £FRgre
focus canmer dafmelOmbRseddioe PRLWRATecR thd fit pRATin dndnhe@fdond peseR MRS tion
perpendi cular to the sheeting 20. The canmera noves along a track between

the first thoeimirsmoyaziunt shemiselanpihsptingo) comasgrto full Fecus.amiick estaklisbesunt i |

h i I hee}. | i full f i ch lish h
T e A

sheeting 2@d UanébrifiRite IMRSIO NdxTRBEcIhbra MYEs uiith ehemIRitdTNAS IWdohlest he
conposite image 30 cones 15 into full focus, which establishes the second
posi % on ontotfhl fecasewkich priablishessthie sprgnd position of the camera. In the second

position, the camera captures a second image of the microlens sheeting 20 and the
composite image 30. The distance between the first camera position and the second
camera position 1s the distance “p” between the microlens sheeting 20 in the passport 14
and the perceived distance of the floating image 30 floating above or below the sheeting or

20 both.

The reader 10 is capable of locating the floating image 30 and 1dentifying the
floating image 30. The camera will first record the floating image 30 and then the
computer 56 will compare the recorded floating image 30 with a database of floating
images to identify the floating image. The computer 56 preferably includes a template

25 matching program or a normalization correlation matrix, which compares a known image
with a recorded image. One example of a normalization correlation is described in

Computer Vision by Dana Bollard and Christopher Brown, copyright 1982, published by

Prentice Hall, Inc., pages 65-70, which are hereby incorporated by reference.

The reader 10 may include radio-frequency identification (“RFID”) reading
30 capabilities. For instance the reader 10 may include the features disclosed in U.S. Patent

Application No. 10/953200, “A Passport Reader for Processing a Passport Having an



position, the canera captures a second i nage of the mcrolens sheeting 20
and the conposite imge 30. The distance betvveen the first canera position
and t he s@oonok/osoeuiyer a position is the distance "p" bet peemstdogoss sy ol ens
sheeting 20 in the passport 14 and the perceived distance of the floating
i mage 30 floating above or bel ow the sféeting or 20 both. The reader 10 is
capabl e of locating the floating i mage 30 and identifying the floating

i mge 30.RFHe E¢a1m1t,3 (Wdsie), hic is hereby thebiperditdby tefgendtnThe SBteandill tead t he
conputer 56wl npare th corded floating imge 30 with a database of
fl oati ng a'?qﬁﬁ]é%"“%te ad’éﬁ?‘lyf‘gdtf%ée’?t%étt“?%@qgﬁ%\ge The conputer 56 preferably
includes a tenplate 25 matching programor a normalization correlation
matrix, whi chngbmmde@f@ | embadimpntathe flogiingndistapescmeyieaty ifromy ene @ﬁé“%(‘a’npl e of -

B R GRS R PRGSO et Bl o

pages 65- Z&talmrﬁ‘mﬁnh@ﬁ@@toltmma@mg@tmc@ﬁfﬂ@f ﬁfe@tﬂcg%ndTAmﬂqanaaa@JthéO may
i ncl ude radi o-frequency identification ("RFID") reading 30 capabilities. For

i nstance ﬁheétmgee@l@nf the calaylated dloatdres diffandeanstaohessheiflgatingsiastanas proddedaat ent
[icati 10/ 953 ) ort Reader f Pr. oce 0
oo e e H S ist Pots oSt PR B s SEB 1S ks PR R pifbeF ApRERDO) ¢

whi ch is btabyfrbmGoddtasd elddying efsenesce. The systemw || read and
authenticate a variety of different floating inages. In an additional

embodi ment,  t hepf bg&ﬁﬁ&%ﬂh@b@%ﬁﬂ%ﬂndﬁm e ﬂﬂh&gﬁeﬁhﬁﬁ%lﬂﬂre Sd 180t her.

Optionally, the systemreads a security code enb I'n the Sheeting that 5
contiai ns forilfowimmdétmﬁedraalamplengfhtcb fomwtmatqemgfechnmsahcE]gufest Haesesheet i ng and
aut henti cates .t he g |f t he cal cul at ed ro i sfance mat ches

the fl oat PHPRIFSAeREEreds ﬁtratsﬂwgeemneﬁl leaaépre b BEYS ¢ he
security gxgpéfm Hses smeum%unséfr@mw%weoaerhaf Jn%t; wé}amoﬂg §ﬁ@ﬁ68}ﬂc5@6ﬂs

dat abase oafing di stances. The operation of the present invention will
be furt hemagldsoradbedhilairethainegarithit dietshepe dfGhd Mehmmnvgnmtm ai l ed exanpl e,

whi ch for convenjence referen t he, Fi.gur ese les are offered to
o Sher 1 ¥ ooy Pl bl FHRE skt st ior T P SELGt T ang

techpi queg;mdrh fr%HPNh&oQSeMMﬁ&ﬁ&OQcmB@W&Ee Iaem%t aﬁ@@%;é&@feh@%ﬂe@ﬂi% and
nodi fications nay be nade Ile remaining wthin the scope of the present

i nvent i onwithra cohipssiéxamgk éloaw&t adinewhidetaoge SE icewmokuiert of- 1ImBliega-veasxel
col or Sengr?arnged as depicted in Figure 6. The camera lens 62 was located at a measured distance
of 12.5 centimeters (‘g’ in Figure 8) from the microlens sheeting 20. The microlens
sheeting with the floating image was a sample of 3M™ Confirm™ Security Laminate
20 with Floating Images which is commercially available from 3M Company located in, St.
Paul, Minnesota, as part number ES502.
A first image of the microlens sheeting and of the composite image was captured.
The camera was then moved laterally and a second image of the microlens sheeting and
the composite image was captured.
25 The first image of the microlens sheeting and composite image were first used to
identify if the microlens sheeting had a composite image and to verify if the composite

image was the correct image. The computer ran the template matching program which

was based on the normalization correlation matrix disclosed in Computer Vision by Dana

Bollard and Christopher Brown, published by Prentice-Hall, Inc., copyright 1982, pages
30 65-70, which has been incorporated by reference. Using the template matching program,
the computer was able to identify at least one of the floating images and verify that the

floating image was what was expected.



15 canera from M cron Sem conductor, |ocated in Boise, |daho, and a

m crol ens sheeting wth a conposite inmage floating at a known di stance of 1
centineter, +/- 1 mllineter, was arranged as depicted in Figure 6. The
canera | eN¥08YSRAYHN ocated at a measured distance of 1XGVESHPTSISrs (' g
in Figure 8) fromthe mcrol ens sheetingyg0. The mcrolens sheeting with
the floating i nage was a sanple of 3MIM ConfirmIM Security Lam nate 20 with

Fl oati ng | mages jch is ¢co raiall vai |l abl e fr M Conpany L ocat ed in,
St. Paul, M nne@{g B?esag'apé?w%ﬁ%r{g@“}/@%?? %ECFP’P??WV ﬁ&g‘é’"&g‘t‘?’hé‘qﬁegﬁ%l@ns
sheeting angdmefa ¢dpairePIMB PRhieR ifh HREBt IRl CARE HE Biiel dRRy AR Mad@Solih@n noved
| aterally and a second i nage of the microlens sheeting and the conposite

i mage was dwpheieadera2skatven, f.ertbe nimbgyeof pixelsrer milnadtens kadrewmtthergpraper
conposite i e, first used to,.identify if the mcrolens.sheeting had a
conposi te icﬁ%;ggm\g%ge tpfc')d\?gapfefsf’lgfcw?d'gg Coogl%uéer i Eéesv\és_ﬁﬁéh%%ﬂclﬁect i mage.
The cogput efetwésn goiis T2ERd 80,ebMatHehlisighcd lb@@\re@mggmm antiegD), hasade aidtanbe
normal i zation correlation matri x di sclosed in nputer Vision by Dana

Bul | ard andetiensoapné? amsi shend il bithestisianasbepreant fodrts FARnd 78 hy countiegyhe ght

1982, 652 7.0, Whi has b ' ted .b f . Using th
Lol at o natlihehgr e ID PR PR IhaEi Y EF Shfd ot Bt arsfine Teag:  one
of the fl oafunigr bPeaMsedaiigely By iﬁexmhgeg ix‘éll"li%nsii)lwlieﬁ?hj FBOG MBSmMatheras

S

expected. WO 2006/ 060090 PCT/US200S/ 038758 -19 Distances c-a' and "d-b’
(Fi gure 8) ocamputeddeermingdyalyys fone-acoapldh wes 7. 8imidlemetars and Sriemalivgsrur es t he

i magejoi n disscrt%e? pi xel s and the pixel density of the inages forned by the
camera is Rown- 5 e. the nunber of pixels per millinmeter is known, the
cohputer can caWeHlg®wnheddS4RINEE fiod deRrmined/ W wds calbigate@ EPEIRWsCal cul at es

“a' - the distance between points 72 and 80, 'b' - the distance between
points 76 and 80, h¢& g(c-aykdEbiT 2200/ (- FRFWHetd otimetery0 and 78 and “d' - the
di stance betwee N and 78 by, counti he. number .of pixel.s in each
respective | engm;ﬂgih &eo.%v g\éelg}lg%d ?a"r?d?/ ,Owélha_{}ﬁ%}r}ogtbnrg\chee?% Héﬁ}ehc mpﬁ%fﬁ%er of
count ed pi %glage bywvdskelcuBdas@blx®ls. density to a length. For this exanple, the
conputer determ ned values for c-a and d-b was 7.6 mllineters and 8.3
mllinkters 10 respéecg-hvelds —\Wdh gl Rhestineatersc-a and d-b now determined, h

\é\git IC?rlatC glr gt egs 31% k&}g\lwln%ting Peight%(f?ﬁeagolngp%_sm irﬁag%%va%(l'c%ggi{r)gfgg)- lzmijlﬁin%Fer,

the measured floating height of 1.05 centimeters was within range. Therefore, the system

verifies the security laminate with the floating images as an authentic security laminate.
The tests and test results described above are intended solely to be 1llustrative,
20 rather than predictive, and variations in the testing procedure can be expected to yield

different resuits.

The present invention has now been described with reference to several
embodiments thereof. The foregoing detailed description and example have been given
for clarity of understanding only. No unnecessary limitations are to be understood

25 therefrom. All patents and patent applications cited herein are hereby incorporated by
reference. It will be apparent to those skilled in the art that many changes can be made in
the embodiments described without departing from the scope of the invention. Thus, the
scope of the present invention should not be limited to the exact details and structures
described herein, but rather by the structures described by the language of the claims, and

30 the equivalents of those structures.



Wth h now determ ned and g known, p - the floating height of the conposite
imge - was calculated as follows. 15 p = g-h = 12.5 - 11.45 = 1.05
centineters As the known floating height of the conposite i mage was 1
centinmeter +/- 1 mllimeter, the neasyyed floating height of 1.05
centinmeters was within range. Therefore, the system verifies the security
|am nate with the floating i mages as an authentic security |lamnate. The
tests and test results described ab&IABMS i ntended solely to be
illustrative, 20 rather than predictive, and variations in the testing
procedure can be expected to yield different results. The present invention
has nowlbeesystas for rddgihgrndhutehtcaing @ compssitednalpge ireabiedtingrbmptikiageof . The
foregoi ng detajl ed descr.iption and exanpl e have been gj vgn f(@tclarity of
under st andi n@SB?ﬂﬂngr@u{%@e%@gaﬁlVlm?&qnﬁﬂaﬁapaﬁgsaq ) BYfdlerst ood 25

t herefrom Alﬂlgf}%%% o@ﬂ&o%ﬁ@%erzﬁr?gg&jtﬁﬂ'i ons cited herein are hereby

i ncor por at ed eference. It e apparent to those skilled in the art
t hat many chanegsler,camphieingade in the enbodi nents descri bed w t hout

departing fromthe scope of the inventjon. us, the scope of the present

i nvention shoul d ﬁé}srstlggmp;aﬁptcgﬂmfecp glﬁélné’%g&@g Hlfes’thﬁ?tlf@ ¢ fgrﬁtrl{}@gﬁp S

descri bed hergj | . by the | anguage of
the cl ains, Eﬁd&mﬁﬁ?ﬁéﬁéﬁﬁﬁf‘%ﬁ‘?ﬁ“e? B?ﬁ{é’sﬁggl%%ﬁ@g E#Q@H 220- CLAIMB 1. A
system for readi ng secuthdaatbanbicaptutermgseaombinags iof ¢hel shiagmgianda sstvedt | ng,
conprising: .a sheeting ing¢luding . a conposite jnmage that appears o the

unai ded eye t"aaﬁe"ft#l‘? %?P%&eélﬁé&feﬂ%hnﬁgg%‘(ﬁ ‘tfﬁ’éi%’ﬁ tSi'l?f‘@mgrOTBBTSh?«n reader,
conpri si ng: i : r: i i ing and a
first inmge %chh{pﬁfeer g‘%n%ﬁo ?{lgg ?émggg Lﬁag%%dnlgg 3%@%%?é%%$g%§?ﬁgﬁ%heeti ng or
bot h; a secondd famwempating thefirstrimage set@nohd imege of thet doenpobigeiniagg and a second

and° . comput BRI Ab G e FeeRTd ot Dith ity Bikle APSEEGHA THiGe of the
sheeti ng an%efv@enm_@éﬂﬂkgag@}ﬁe éérﬁ%fésitie Rding 86y gf the

conposite image floating above or | ow the sheeéting or both to calculate
t he percei vedhetiting anbeth. bet ween t he sheeting and the conposite i mage
fl oati ng above or bel ow t he
2. A system for reading and authenticating a composite image in a sheeting, comprising:
a sheeting including a composite image that appears to the unaided eye to be
floating above or below the sheeting or both;
a reader, comprising:
a camera moveable between a first position and a second position, wherein in the
first position the camera captures a first image of the sheeting and a first image of
the composite image floating above or below the sheeting or both, wherein in the
second position the camera captures a second image of the sheeting and a second
image of the composite image floating above or below the sheeting or both; and
a computer for comparing the first image and the second image of the sheeting
and for comparing the first image and second image of the composite image
floating above or below the sheeting or both to calculate the perceived distance |
between the sheeting and the composite image floating above or below the

sheeting or both.



sheeting or both. 2. A systemfor reading and authenticating a conposite
image in a sheeting, conprising: a sheeting including a conposite imge
that appears to the unaided eye to be floating above or bel ow t he sheeting
or both; a reader, conprising: a canmera noveabl e between a first position
and a second position, wherein in the2!tirst position the camera captures a
first image of the sheeting and a first inage of the conposite inage

fl oati ng above or below the sheeting or both, wherein in the second
position the canmera captures a second i mage of the sheeting and a second

i mge of the conposite image floating above or bel ow t he sheeting or both;
and a canpusstent for readingeandrgtiehticating atcompegits ianagde ihesiredo dompaigiegof t he
sheeting and for, comfa({ii ng the first imge and second i rage of the

conposi te i ma§aceting SEVGIRE A FROHE HaBGRAT PReaR BbE HgRgRd R 1R Yo cal cul at e

t he perceive L Wﬂ heeting and the conposite inmge
floating abo\‘f/'lggﬂ(i)@t eﬁg\?vr?ﬁé S %Hg?‘lﬁlr% or both. -21- 3. A systemfor reading
and aut hent i aatdderg camprigipgsi te i nage in a sheeting, conprising: a sheeting
including a conposite imge that appears to the unaided eye to be floating
above or bel ow t hé C&RER ; a reader, conprising: a canera; and a sheeting
hol der noveable b 1 j il -ﬁ]r%] Lo . wherein the
m crol ens sheeti ng%}@%ﬁgggpﬁef)ﬁfgg&ﬁé l%%t@@grﬂ%fg{sl?%égsﬁﬁo gpd?é&%%%sﬁmw t he
first positi wheteetheanierdersahtatingss positionsd oh ttegsheetingt Hoddeswebdreingnand a first
i mge of the copposite ipage floatin bove or | ogw t.he sheeting or both,
wherein in tﬁ@fgrgbmwloaéé? Emaﬁ?@ur@g?&%{l@agﬁeﬁ)tﬁgslﬁeg%w@aﬁﬁ%ge of the

i or ol ens Sheghid\ AOChrpsRe ithd MBAGe Abold\ LERIPER LhEIRIB0f 03L [ Ng above

or below the s conputer for conmpafing the first imge
and t he secomhetdimiethetedohe psiited thegamaratapurescosepard inggt béthei r st | mage and
second i mage aof the conposite inage i ng above or bel.ow fhe sheeting or

ﬁi fl o%
both to cal c&M&t n@ﬁ]ée_cb‘égé’é @/éfefoaggp%&?c%f HEARASHE irhzee PEAGOEHR t he
conposi te i MygRwf theahdeRtly 3POME; 8l Pel ow the

a computer for comparing the first image and the second image of the sheeting
and for comparing the first image and second image of the composite image
floating above or below the sheeting or both to calculate the perceived distance
between the sheeting and the composite image floating above or below the

sheeting or both.

4. A gystem for reading and authenticating a composite image in a sheeting of claim 1,
claim 2 or claim 3, further comprising a database including information about composite
images that float above or below the sheeting or both and their floating distances relative

to the sheeting.

5. A system for reading and authenticating a composite image in a sheeting of claim 4,
wherein the computer compares the first image of the composite image that floats above
or below the sheeting or both to the database of composite images to identify the

composite image.

6. The system for reading and authenticating a composite image in a sheeting of claim 35,

wherein the system compares the calculated perceived distance between the sheeting and



sheeting or both. 4. A systemfor reading and authenticating a conposite
image in a sheeting of claiml1, claim2 or claim3, further conprising a
dat abase i ncluding information about conposite inages that float above or
bel ow t he sheeting or both and their floating distances relative to the
sheeting. 5. A systemfor reading and™dUthenticating a conposite image in a
sheeting of claim4, wherein the conputer conpares the first inmage of the
conposite image that floats above or below the sheeting or both to the

dat abase of conposite inages to identify the conposite inmage. 6. The system
for reading and authenticating a conposite imge in a sheeting of claimb5,
wher ei n thide@ngysiteimagenypids s flobtngdibantaatie thephtabasetoproiids mbarenatieh ween t he
sheeting and, 22 . the conposite inage with the floating distances in the
dat abas@bP¥ BT SFFMRE i nf or mati on  about the sheeting. 7. A systemfor reading
and authenticating a conposite inmage in a sheeting of claim®6, wherein the
system aut henticate the sheeting when the cal cul at ed perceived di stance

mat ches 7t hesystanafarnepdingsirainmehenticating adtehaplosiseiniage it hahdetiag bf Elamn 6conposi t e

i mge. 8., A.s readi ng and aut hentjcating conposite image in a

stem for ) MPOogI. |
sheet | ngvlwrelaﬁsﬁ%te{nau\fmwwﬁ ﬁbeeégngtwmgal%%te@a%@ﬂ@ giftaBCq he sheet i ng
when th i L L E oating
di stancggﬁ%gﬁegﬁ%g{l gggsgagm?gfm? ﬂgﬁp%e@%ﬁ@?g%n{gg%%g@ﬁ%ﬂ%mn% elé. 9. The system
for reading and authenticating a conposite imge in a sheeting of claiml,

wherein the first canera and second canera are perpendicul ar to the
sheet i ng- A 6ystepn forgsasingandauthealicpting aGmpostia Epagedn isAertiag 06888 Pt e i mage i n

a sheeti i ' : (WP rel i is |located
T ot o o i dops SO, BBt MR BbEeT DERHLEE ° onposi te
i mage i rligarshdetd myg noftchctha iflovting distaadesi?therdatabasenfoBthe\ibieatidied cotnpogienposi t e

i mge appears under reflected light to float above the sheeting. 12. A

syst em f8¥€¥-eadi ng and aut henticating a conposite inmage in a sheeting of
claiml, <claim2 or claim3, wherein the conposite inage appears in
transmtted light to float above the sheeting. 13. A systemfor reading and
aut hent i% afliersystamdonpeding end aethenticatiag 8 heepositg imhgeinad shedting of claim 1,

wherein the first camera and second camera are perpendicular to the sheeting.

10. The system for reading and authenticating a composite image in a sheeting of claim

1, claim 2 or claim 3, wherein the sheeting is located in a fixed position.

11. A system for reading and authenticating a composite image in a sheeting of clamm 1,
claim 2 or claim 3, wherein the composite image appears under reflected light to float

above the sheeting.

12. A system for reading and authenticating a composite image in a sheeting of claim 1,
claim 2 or claim 3, wherein the composite image appears in transmitted light to float

above the sheeting.

13. A system for reading and authenticating a composite image in a sheeting of claim 1,
claim 2 or claim 3, the composite image appears under reflected light to float below the

sheeting.



claim2 or claim3, the conposite i nage appears under reflected light to
float below the sheeting. -23- 14. A systemfor reading and authenticating
a conposite image in a sheeting of claiml, <claim2 or claim3, wherein the
conposite image appears in transmtted Jight to float below the sheeting.
15. A systemfor reading and authenticating a conposite inage in a sheeting
of any one of clains 11-14, wherein the conposite inage al so appears to the
unai ded eye to be at least in part in the plane of the sheeting. 16. A

met hod of reading and authenticating a conposite inage in a sheeting,
conprising the steps of: providing a sheeting including a conposite inmage

t hat appdarssystent foe readingled aylentitatinge dolmpatitainagb dv e sleetibgbbelaiiné, sheet i ng;
recording.a first i e of the mcrol ens sheeting and recordi a first

i mage ofc}P"c“Pi‘e2 Oréiqqﬁég?@@rqlﬂggéompggﬁq FR{SS BBRGE DR t%@FIBWCQﬁ@gEWéﬂ}%f ng or both;
recordiqgkﬁnﬁﬁgﬁggngpage of the mcrolens sheeting and recording a second
image of the conpoSite inmage floating above or bel ow the sheeting or both;
cal cul ating the di stance between the sheeting and the conposite inmge
floating above or bel ow the sheeting or both by conparing the first inmge

and the 1Seaopstemi fipgaddE ahf Quikb@icatiene c%p@iﬂeﬁma?@m D3heC@I G AN @nt he first
i mge and second inage of the conposite 1 mage floating above or bel ow the

sheet i ng@fetaimpdi brl41wherginghereampnsite imagealsn appears (o theamaidad Eyriiorh§ #he step of .
provi di . da e . ncl udi .nf ormati on about conposite inages that fl oat
above oﬂgﬁg}n a}&%ﬁ?eswg%??%e%e O%h and their floati ng distances relative to
the sheeting. 18. The nethod of claim 17, further including the step of.
identifying the conposite inmage by conparing the first inmage of the

conposi . A methediof seadingrpdaugisatieatios asempasitchimagh st Firgting, COBPHSHS t he

dat abasethg%t Igsocgzposi te images. -24- 19. The nmethod of claim 18, further

i ncl udi ng i Step of: conparing the cal cul ated percei ved di stance bet ween

t he sheeti ng pévdinBe sheeting including a composite image that appears to the unaided eye
to be floating above or below the sheeting;
recording a first image of the microlens sheeting and recording a first image of the
composite image floating above or below the sheeting or both;
recording a second image of the microlens sheeting and recording a second image
of the composite image floating above or below the sheeting or both;
calculating the distance between the sheeting and the composite image floating
above or below the sheeting or both by comparing the first image and the second
image of the microlens sheeting and by comparing the first image and second

image of the composite image floating above or below the sheeting or both.

17. The method of claim 16, further including the step of:
providing a database including information about composite images that float
above or below the sheeting or both and their floating distances relative to the

sheeting.

18. The method of claim 17, further including the step of:
identifying the composite image by comparing the first image of the composite
image that floats above or below the sheeting or both to the database of composite

images.



conposite image with the floating distances in the database to provide

i nformati on about the sheeting. 20. The nethod of claim 19, further
including the step of: providing a signal to a user that the sheeting is

aut henti c when the cal cul ated perceivegd, distance matches the floating

di stance in the database for the idenfTfied conposite inage and the system
or providing a signal to a user that the sheeting is not authentic when the
cal cul at ed perceived di stance does not match the floating distances in the
dat abase for the identified conposite inmage. 21. The nethod of 16, wherein
the conposite i mage appears under reflected light to float above the

sheet i nd9. meﬁﬁﬂmdmﬁﬂmdlhfﬁuﬂmhhmhﬁhyﬁmse@nfthe conposite inage appears in

transmitted light to. flo bove, t eshee The met.hod of cl aim 16,
wherein the CSHPAERE glelcﬁlég]tét%ﬁﬁé%‘ée Lﬁillﬁﬁ@}“:b e@Eﬁ@thP?t dttg fl oat bel ow
the shegp) teitn I%thriﬁ hps fdfn%lf?d Pinlfe dAGLE 1 pid GRS Patl RO e
appears | 1r'{ﬁr‘)tg?lansna‘llgt ted é ﬁ lr%o] gat bgl ow t he g etel ng. 2‘:l> al'he nmet hod of
any one thd stektngrs 21- 24 vvherei n the conposite image al so appears to the
unai ded eye to be at least in part in the plane of the sheeting.

20. The method of claim 19, further including the step of:

providing a signal to a user that the sheeting is authentic when the calculated perceived

distance matches the floating distance in the database for the identified composite image

and the system, or providing a signal to a user that the sheeting is not authentic when the

calculated perceived distance does not match the floating distances in the database for the

identified composite image.

21. The method of 16, wherein the composite image appears under reflected light to float
above the sheeting.

22. The method of claim 16, wherein the composite image appears in transmitted light to

float above the sheeting.

23. The method of claim 16, wherein the composite image appears under reflected light

to float below the sheeting.

24. The method of claim 16, wherein the composite image appears in transmitted light to

float below the sheeting.

25. The method of any one of claims 21-24, wherein the composite image also appears to

the unaided eye to be at least in part in the plane of the sheeting.





