0 5 MAR 2001 SYSTEM AND METHOD FOR AUTHENTI CATI NG AN ARTI CLE MELD OF THE

| NVENTI ON [ 0001] This invention relates generally to anti-COﬁn§§@$ gmz
nmeasures and nore particularly to nethods for applying a no i bl e
aut hentication inmage to an article or articles. BACKGROUND OF THE

| NVENTI ON [ 0002] Identity theft and bl ack market sales of counterfeit goods
are significant problens faced with increasing regularity in today's
wor |l d. Each year many nillions of dollars are lost through the fraudul ent
use of non-authentic docunents and branded goods. The increasing

sophi stication of QRicyeR Vivzy g?mpq ques used
for replicating itens anéi ent I:Pocatlont]fFa el's conti nues to enhance the

counterfeiter's ability to produce fraudul ent docunments and ot her
imtations WMent quality to often go undetected. [0003]
One net hod ' ed security involves applying to the article
sonme form q6o01pdi dhis intepporcalatey generaibytio antleomgexfmung ieasuresegd mote pattichtesly
been encoded so .t na the SI st.ed eye. The
encoded i nad gmfg'ﬂgsalgr?ﬂp&%a%‘ﬁrﬁpwﬂ}c%%ﬂﬁieﬂ%ca %"e’m %maé-g g‘ﬁll ce that
"re-assenbl esACKOROUNENOF THE INVENTIGNed prior to being encoded [0004] Hi gh
resol uti on scanni n de,V| es ¢ e possi bility that,even ese [ es my
be subject [pgnl]ep tﬁ dﬁiﬂ?i‘"@g‘f S Fete eﬁ@ﬁﬂ‘i‘?*’é%s‘ g@&ﬁners
for exanple fa&anﬁm%dmﬁsmgmah@ RYodd§ %ﬂangach@édrmaﬂmmﬁnslof Gdiﬂarsch@élosp nto
an itemby the scanner. Areas of the itemthat have g(g ggnunts of

pi grent wi | | tepsghyibe fraviulent ussiof nqmathentic documents mﬁé’&%"q € RETeasiB8ent |

The scanner KBRS ﬁ&ﬁsc@;ﬁﬂ&hn&oﬁrmdc%&%ﬂbﬂﬁeﬂicﬁm ub&l foLfebBehtih Béths t hat
is recorded as conputer data by the scanner. This data is then used b t he

scanner to g@déﬁ‘e&tﬂﬁcaﬁoﬁ t2hels eontigies ﬁ%@%é‘lﬁ?@ﬂﬂtﬁf@ﬁ? s bility foypreduce frayduje

printed copysqihméntéind!chitt initHROE: wﬁmﬁeammﬁtmgbﬁ)a{engsmamnt qual ity
t hat the enco printed indicia_ may also be répli'cated. 1n such a case,
using the dm@%er Qre wethad ofipeoviding inersassd sequaty iNvelviRsEPRIFIng te the srticle spme
counterfeit pg .u%m&%ﬁ atbxt Stekn g MYIRD Ehm]beéﬂeﬁdoheew:ﬁatw&mg

enbodi nent o he 1 nve provi des an authénticatable article conprising
a printable mtﬁtépeexesmdb}athpan@mte@l aiveg ' be ercnded ipazacan basYiewest el Arengh theeuse
printable sysf haPgILL J ge is
e encoded Vgi; Sclﬁgﬁilﬂcéhe%ﬁg i s?ﬁﬂl%s’ﬂﬁé b0k PEHbAG pldftd el Uncddd®

[0004]  High resolution scanning devices create a possibility that even these images may be

subject to reproduction. Replication devices, such as optical scanners for example, generally
operate by detecting reflection of light cast onto an item by the scanner, Areas of the item that
have large amounts of pigment will absorb more light than aresas that have little or no pigment.
The scanner may measure the amount or intensity of the reflected light that is recorded as
computer data by the scanner. This data is then used by the scanner to generate a replica of the
scanned item, usually as either a printed copy or a digital image. This repiica may be of
sufficient quality that the encoded printed indicia may also be replicated. In such a case, using
the decoder to view the replicated article may not reveal its counterfeit nature.
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[0005]  An illustrative embodiment of the invention provicies an authenticatable article
comprising a printable surface and a latent image formed on a first portion of the printable
surface in a transmittent printing medium. The latent image is an encoded version of an
authentication image and is configured for optical decoding b7y an optical decoder so that the



aut hentication image and is configured for optical decoding by an-optical
decoder so that the 0 5 MAR 2001 authentication imge can be vi ewed

t hrough the optical decoder when the optical decoder is %cgwer t he

| atent image. [0006] Another illustrative enbodi nent of the

provi des a nethod of applying an authentication inmage to an article. The
nmet hod conprises obtaining a digitized version of the authentication

i mge, encoding the digitized version of the authentication inmage to
produce an encoded | atent i mage, and printing the encoded | atent imge on
a printable surface of the article wusing a transmttent printing nmedium
BRI EF DESCRI PTI ON OF THE DRAW NGS [0007] Figure 1 is a perspective view of
an aut henticatable articl e according to an enbodi nent of the inv,enti on;

[ 0008] Figure | an .vi ew f t aut hent i cat abI e art

illustrated i ﬁ‘%E?Dgﬁa% agf 5@65]"“?—“ tt}°§P3?i’1 l?P eceder ison

i mage that ma ab&l(m&ed)ellﬂeﬁﬁﬁ ment s of t he |nvent| on [0010] Figure 4 is
a top view of qaﬁ ut hent.i caﬁab e artl cle and a decoder accor di ng to an

“enbodi ment  of [ i nv/epthes Alusiraiye epbedigent af the inyengion o vides amsthod of ipplylngranof
the d d th
e decoder i hhgdticat@iniade [ MUkflét The 51{_39133 ]:o:F%%li'% (fbt%]%g ?ﬂ: BE %uﬁ'\% Ghe .e

decoder portion il|ustrated in Figure 5

di agram of a Auhemigation image y@?@%@%@&h@dﬁ%@@%ﬁm ianthepticationdmagerto protucecan
enbodi ment Of chdified MR i, oo Yl the GEEa fudrbinfhoh OR o RN biitlcfle il brict

aut henticatable article ap1|e toa printe
OF THE DTVEWF@BFG@&WﬂFmWD@M@@med met hbds of applying an encoded
image to an article for purposes of authenticating or identifying the

article have gk YEd ,ﬂl N OFTHE BRARKGREs! Mge with pignented ink or
toner. One approach Is reak the original inmage into disparate pieces. -

The encoded |6%§ ess$nt| ally jnvisi bI e to the naked eye until viewed
through a | end i n}' 8¢ PerspRchive diedrof ap puthenfipaigble a@alssmmme i mage.
2

embodiment of the invention;
[0008]  Figure 2 is a top plan view of the authenticatable article illustrated in Figure 1;

[0009]  Figure 3 is an exemplary authentication image that may be used in embodiments of
the invention;

[0010]  Figure 4 is a top view of an authenticatable article and a decoder according to an
embodiment of the invention;

[0011]  Figure 5 is atop view of a portion of the decoder illustrated in Figure 4;

[0012] Figure 6 is a side view of the decoder portion illustrated in Figure §; and

[0013]  Figure 7 is a flow diagram of a method of applying an avthentication image according
to an embodiment of the invention. '

[0014] Figure8isa top plan view of an authenticatable article applied to a printed surface.
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[0015]  Previously used methéds of applying an encoded image to an article for purposes of
authenticating or identifying the article have involved printing the encoded image with
pigmented ink or toner. One approach is to break the original image into disparate pieces. The
encoded image is essentially invisible to the naked eye until viewed through a lens having optical
characteristics that “reassemble” the image.



0 5 MAR 2007 [0016] A process of encoding-that involves rasterization and .
printing of a latent inage is described in U S. Patent No. 5,708,717 (' 717
Patent), which is incorporated herein by reference inits entirety. In
this process, the latent image is rasterized with a certain f5%ﬂ§§ t hat
may correspond, for exanple, to a certain nunber of printeg [ ?@%r

i nch. . The encoded image is then printed onto the itemusing one or nore of
the four primary color printing inks generally wused for printing visible
indicia. If the article to be printed is to carry a visible inmge al ong
with the latent inmage, the visible image is also rasterized at the

sel ected frequency so that the latent inage may be adjusted according to
the color and density of the various parts of the visible image. The

| atent image and the visible inmage are then printed together on the

article, wth[00i&] viApldcessiofagedine: [ bl | j.e., .
vi sible) formand.t g&i tc rft i e‘??lﬁgigt’%%rr%%éeg nﬁ&%&%&?é{eﬂﬁ@fﬁ?’érm
The | at ent infgx‘—f“t‘?@'g S t%qtNoegmv'f\ﬁﬂéﬁf’aienﬂawiwﬁujnbwp&am@h&éiﬁby:femiend‘eor :

the sel ected fif Rguainey. B thishPockal ' | ced..over: t | at ent i mage.
[0017] I'n the method, of thes%?l%’%g%aééﬁ?,ﬁ’&?%iés‘?%@%‘fwitﬁﬁﬁeé‘#&“ﬂP%& i ng
~ pigment ed i nk “GFPPRh 9T expraple P 6 dertairsnumabek of pistetiilints pERsachO TN dhiddle@ irhie is
advanced scannhdaGrRed o t hi t hod nay require that any
Visible immge tobo pri ﬁ%ﬁﬁgﬁht onelf %‘“@fee&g‘é&gﬁ“dﬁﬁ%@q%fmm%ﬂ@rw@ym
al | ow adj ust mé%ed f6F PRtg|Visildeindicin §kthe Fticle 0 tss fainGediiIRARIHH Ssible1RBgefong with
SO0

printed at themSiaieh ik ent image, [0018] The enbodi nent
the invention dezlscril%)déa ’%ﬁ?ﬁlgg?%ﬁsfgsoﬁﬁtﬂ%&m%c ed fsguescy godhas the lateatges

to an articl e opggmaye ﬂ%@dgwuﬁlpgﬁohﬁa&olwaﬁmnﬁ?mwa okt B thdikipje T Or
processing a I | ent i nages i ndependent of any visible

i mge to be pr@%p éc][;il géﬂﬁﬁéﬁ%?ﬁeglg %#g%smg%WBQWWWW%tPWﬂ@Véthcthded
i mages on an isitleinage sipnepuaedsinlits bssaxhbled fiy., Vst Frknt 688 the 1%&:%@@9%&’&00@%1
used herein, t(me i{‘ﬁgimﬁ"“"ﬁ-n '##e‘_n.t rH‘::E) medi um' means a print. nedl um that
al | ows passage of |1g 19 I‘gﬁ% THE28T PIrPmeHbinonly st decadingiens comtricted
degree of ref If@‘dhtiﬁﬂpcwﬂftelqeencymhdhfehti:ﬂa?&lis Kddedovdt 18 Fhibdt rmal to the
surface on which the print nediumis app ieg. A transmtierdt print medium

i s not perfect®317i raﬂsﬂamhodaﬁmet'mawnqm&&%nﬁma%% !pﬁ)dﬁaﬁ'%giﬁ LB mERE ink
reflectivity HHEH . n which.it is applied. Wen %}’g[r?t | mage°§
are printed vm?‘%rﬁ;gﬁu%r ansm&%ﬁggﬂﬁ‘?ﬁbmlﬁmqdﬁa‘&é‘é:%ﬁaﬂﬂﬁ&ée\@ﬂ%lf‘mha,this

i nvention, theetheduayireqpireniet knywdsibla ihspe o béprift&f dfihid h¥ikdeYbe AP Land .

I nsuf fici ent & a]ﬁ)u %ﬁ&t gf%?%&%% i%lagle-e %Svigbletgggelm%%?t%eggegﬁmgdl a? \tll\lli same ﬁme.e

as the latent image.

[0018] | The embodiments of the invention described herein provide methods of applying a
latent images to an article that are less susceptible to reproduction and that allow for processing
and printing of the latent images independent of any visible image to be printed on the article.
These methods involve printing encoded images on an article using. a substantially 'tran.smiuent
print medinm. As used herein, the term “transmittent print medium” means a print medium that
allows passage of light through the print medium without a significant degree of reflection of the
incident light in a direction normal to the surface on which the print medium is applied. A
transmittent print medium is not perfectly transparent and thus produces a subtle change in the
reflectivity of the substrate upon which it is applied. When latent images are printed with g
transmittent print medium in accordance with the invention, the resulting small variations jn

reflectivity may be insufficient to allow the disparate pieces of the image to be viewed by the



3 005 MAR 2001 human eye. Moreover, -the variations in reflectivity are
sufficiently small that they cannot be discerned or replicated by copiers
or scanning devices. They are, however, |arge enough so that when the

di sparate pieces of the inmage are assenbled by a decoder tqjgommpaim?nplete

i mge, the image is discernable. [0019] The ability to avoid detection by -
a scanner can be nmaxim zed by mnimzing the contrast between areas
covered by the transmttent nmedium and areas that are not covered by the
transmttent medium It has been found that a transmttent nedi umthat
provides a contrast with the uncoated areas of the substrate of |ess than
about 5% (i.e., changes the reflectivity of the substrate by |ess than 5%
wi |l not be discernible or reproducible by typical scanning devices or
copiers. It has also been found that a contrast as |ow as 0.5% may be

sufficient to Q)f%c

| mprovenent s thgﬁlt deco g‘}e%qng{/%gél Wbé%?r e@%ﬁp@%&%&:\tﬁé rbf'her
Hi ghly sati sf ahstcmnyd omeplicated bavqndaemcamingelmcbsmﬂ'hdy am’hg@ewep,rlarg& embugtssortbat
transmttent t cont r ast trate in a ran
Hbout 0. 506 t o B e Pl SRS SR SREE R Sitblbdoys FeSiiE i fib gseBrPiingy
nore detail vminhgemfdisc:ﬁmbeeto the drawi ngs. [0021] Wth reference to
Figures 1 and 2, an article 10 to be authenticated has a printable surface

12 that is addpoxs] fdrhemhmtyiomgozﬂdmﬁmbm@émmicmmmﬂiﬁaaym‘ﬁmmafgtthepl e

10 may incl ude rlnted on the printabl e surface in
pi gment ed i nk,® Ps?fgf’etgf’e gﬁﬁ]ﬁg’ty%’ mfgﬁna&fléﬁﬁs?hﬁ'aﬁ% P §oy tBe

used to aut her&anminenttﬂi@hmtlt ﬁh@ea@fouﬁm&%]uahém%ﬂt&neeﬁmaqﬁéﬁ@@d cOdtrabthiRe
of ordinary sk he art th Q)g%artlcle 10 may size_and

shape so Iong %“Q%@‘F‘iaﬁeg‘s 05%“ “ﬁﬁ@@l&?“‘f%@%@@ﬂ?ﬁ@?? eeivith gf the s

capabl e of rembitadty 1asrs|tmunes%)lvﬂﬂ in6t 1. disb&HhibRi o Ripkdauéible by picl bdaghifis éeQxde§or
anar nber that 1is representative of such

illustrated as a_ thi gi
articles as | 988 I{}E’é S°9Eﬁnrféwh%ﬁc?m’@ﬁ@ﬂow 25105 % may be sufficientde prafuce @ st
the portion %s&eﬂﬁol@ﬁﬁdg@ h@thja(hewd%ﬁ Fuhﬁer%bx@ﬁréﬂén% 18 H:fefd@EcﬁieiL&’m RRYeeltte

mat eri al capabl e of receivi ng{gﬁl retaining print nmedia incl ud| ng, butf not
y

limted to, pa§oBRastgyeRyfprtheg stisfagtory resylis/bavesbeen achlisyed with ieagep plinfedsusing,
pol ycar bonat e, ya¥nfent A6t Med predudy h 65tErast kAR AR suﬂh%ﬁﬂﬁ b RERRLEARE §.5% % doul™®Y

be printed w t{IS‘? solid or patterned background,
ot 70,

[0020])  The invention will now be described in more detail with reference to the drawings.

[0021]  With reference to Figufes 1 and 2, an article 10 to be authenticated has a pﬁntable
surface 12 that is adapted for carrying some form of printed indicia. The article 10 may include
a primary image 14 printed on the printable surface using pigmented ink, toner or other print
medium and a latent image 20 to be used to authenticate the article 10.

{0022] It will be understood by those of ordinary skill in the art that the article 10 may be of
any size and shape 50 Jong as there is a portion of the surface of article 10 that is capable of
receiving printed indicia. For simplicity, the article 10 is illustrated as a thin, planar member that
is representative of such articles as labels, tags, currency or tickefé. The article 10, or at least the
portion of the article 10 with the printable surface 12, may be any material capable of receiving
and retaining print media including, but not limited to, paper, vinyl, cloth, metal, acrylics,
polystyrene, polyester, polycarbonate, nylon, and polyetbylene.

[0023]  The printable surface 12 may be printed with a solid or patterned background, the
primary image 14 or both a background and the primary image 14. The primary image 14 may
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primary inmage 14 or both a background and the primary.image 14. The primary
image 14 may 4 0 5 MAR 2007 conprise any form of graphical imge,

phot ograph illustration or text. The background and/or primary imge 14
may be printed in ink or toner, either in grayscale or colo ﬁy@p mﬂa
known nethod. In color printing applications, the initial %r 6 y

I ncl ude any four color printing process. As is known in the art, a four
color printing involves the application of separate |ayers of the four
primary. printing colors (cyan, nagenta, yellow and black) to create a
fullcolor 1image. Suitable printing methods include, for exanple,

| ithography or offset, intaglio, |letterpress, flexography, and gravure,

for exanple. Digital printing techniques spch as inkjet and |aser printing
may al so be enpl oyed. [0024] The article 10 also includes a | atent inage 20

that is printed on the_prinptabl.e surface 1 i.ng.a subs tiall
transmittent FRPRFSSAEY f?gaPEﬁﬁanrﬁﬂé@a&P tomé%ﬂlsgﬁ%p%orﬂ%ﬁ%%gggéd@g’ﬁt of
a sel ected aubhQpkjieapd mnayw@maeaﬂﬁkbﬁtouéedmbﬂnguymtowﬁbﬁlsidg&nﬁmm e
10. The authentication_ image 16 _may be a single graphical ggge or,

shown in Fi gursthod. & solorippaTRE appltatiensnthn it prigtiag may inclydg SRy Y0UT¢ orgnntmg
repeating geogﬁ%&ésc AQls 1&1%9 &t [ &bk colbh gruﬁﬂlk 'ﬁ?v'%Iv'eQﬁE b hchtBADE seplrafBdyers

feature, for npl e, a single or repeate ay of a message, corporate
| ogo or ot her ofmpéwmmﬁolwﬁ@yww%w@y@ébbemp@é@a Aulbolgra) ity

of i mage fragggnts S’un%% ]tﬁﬂﬂgg‘ﬁmﬁm% héd forQ:E ﬁﬂ%gmélﬁ,@oh@éﬂﬁ io,

aut henti cati on |"mage VI ewe It he enbodi nmen ‘
illustrated i iﬁtﬁrpyeﬂs,dkbxqsr@hytmarm@nfor EXrEple. Zb@t@?ﬂﬂqﬂamﬂ?@@@@ﬁma@

t he aut henticat L0 rises a plurality of parallel |ines 22
printed at a %‘?Se ng%\gﬁﬁgﬁ %%g?lﬁﬁ?{pl ines per inch (frequency). A typical
l'ine frequenc Qithace300
| i nes per i ncﬁ%&Zéﬁf%ﬁ?gﬁﬁG%ﬁhﬁh %@%ﬂgﬁgrgﬁl |t?1d:|§(:|£a‘§ ?Ignsm%ignd 12

as dashed | i ndg usingiasehstratialyttraasmittens printngenedivm. ol 1atentiitoge a1 encoded vegsion
e s 590 Y shBSFa bt 1ol b Ui, BRlrkli, S 5iEylon

the lines 22 Na8°béen exa
transmttent p:nag& lﬁnga)nhadi Smalwmctabwlgent, a¢ $howh it Bigere Bnayellpapenpatferh usingy

material suit ef fﬁr {,h,@golg Ia Irgp%gm%nge&get}ly & rgndorr]& gal?tel% SHE L&ﬁ&hmgl 1&5&@%‘}%

smal | vari ati

feature, for example, a single or repeated display of a message, corporate logo or other
trademark. '

[0025]  The latent image 20 comprises a plurality of image fragments that can be assembled
or decéded to allow the authentication image 16 to be viewed. In the exemplary embodiment
illustrated in Figures 1-4, the latent image 20 is a rasterized version of the authentication image
16 and comprises a plurality of paralle] lines 22 printed at a predetermined number of lines per
inch (frequency). A typical line frequency would be in a range of about 50 lines per inch to
about 300 lines per inch.

[0026]  The parallel lines 22 are shown in Figures 1 and 2 as dashed lines to indicate that they .
are not ordinarily visible. It will be understood by those of ordinary skill in the art that the
spacing of the lines 22 has been exaggerated for purposes of illustration.

[0027])  The transmittent printing medium used to print the latent image 20 may be any
material suitable for application to the printable surface that produces small variations in
reflectivity of the substrate that do not change over time. Suitable materials may include those

classified as clear printer’s varnishes. As used herein, the term “printer’s varnish* refers to



‘reflectivity of the substrate that do-not change over tinme. Suitable
materials may include those classified as clear printer's varnishes. As
used herein, the term"printer's varnish” refers to 5 0 5 MAR 2007
coatings such as a liquid shellac or plastic coatings that g@xgbe ﬁﬁﬁlied
to a printed surface to add durability and a gl ossy, dull HAR { ni sh.
Cl ear overprint varnishes are readily available and can be applied on a
substrate by standard of fset presses without the installation of special
equi pnent . ‘Exanpl es of suitable clear varnishes include Joncryl 1679 and
CDX-562. Clear varnishes such as these can be used to produce the desired
variations in reflectivity. The actual contrast wth uncoated areas of the
substrate nmay be determ ned by the varnish used, the thickness of the
applied | ayer and the use of multiple layers. [0028] It should be

appreciated tha the art] I.ng nmedi um us y .depend on the
material and ‘1“5atwléﬁg?q?g%gfémgg?qﬁﬁ&ﬁﬁﬁ@yﬁ’ﬁ@@ﬂﬁ sugml ch
the article deddtbﬁmt?mgﬁbsy,lﬂaﬂ o ¥Rk, CBardveipRhakisheskire Yéablly 4vafable

‘| atent aut henti cation |g$%q( may, be subject to additional processin

such as heat - PHCEREE2RPHES Bk2 Wbé‘ff’é? %mdﬁfdﬁf&% Pigsse withem the ingtaliafipnefspacial ent
printing nedi bkghz‘ﬁﬂén"t.a@iaﬁa pleR bf Hitdhle Eﬁmmhwlﬁcmd&%h&@g@g ééla%%?(l éea Clear

desi rabl e. The transmttent printing nedium

covering IayeFafB‘é‘* S'quiélsﬂ}ﬁFq%WUW%QBWQWMMWWWDSmheﬂ@avﬁhtmnm 20

may partially o Qi ver,
“the latent i mgge Zmﬁaﬁgﬁgﬁéﬁ#tg‘g%ﬂg@%@y%%ﬁ%ﬁya’?fv n w"’aélurface

t hat has not &%Pﬁm@@ebﬁéﬁdWﬁrﬁlé@@%mﬂmEhym4 nt ed W|th a background

col or or lHPOZE attern. [0030] In sone instances, the latent inmage 20
may be printe sheuihbaappresiatedshat e prrculargdinting me&um@sedmamﬁndmattheon

of a primary pjnge a]a& texhile SH4G ﬂ%ﬁﬂﬁaﬁﬁé‘&‘ﬂ%& ankl B8 e%ﬂo%en{ tg%?chztg J:IL ,E.\'HP&

vi ewabl e through "holes™ int primary | nage - SAs W T
boundari es of exieged. For erarople; anaayiclof@ rasrying tlnaiktentrauﬂmntﬁmnomn@agaﬁﬂ Bntybeshibjsm i s

applied). [00gL ﬁ)%%}% _ f the
transmttent pri rq%%l%ﬁgbne &g}%@%gpg%ﬁe@&gﬁﬁﬁ@ ﬁ%’%’%aﬂﬁ% g‘bﬁ‘w %0 "see"
or reproduce mwmnémntmga:gémMthc for high temperature.envhionineita friap be dasirhblé he -

encoded nature of the |atent inmge 20 nmakes copyi ng of the authenticating
i ndi ci a extref@R2§] di The eaismitiept propting medisminlyde applied as a covering layer over the

primary image 14. Accordingly, the latent image 20 may partially or completely overlie the
primary image 14. Altemaﬁ.vely, the latent image 20 mﬁy be printed on a portion of the printable
surface that has not otherwise been printed or has been printed with a background color or
wallpaper pattern.

{0030]  In some instances, the latent image 20 may be printed with a transmittent printing
medium before the application of a primary image 14. In such instances, thé latent image 20 will
be viewable through “holes” in the primary image (i.e., areas within the boundaries of the
primary image where no ink or pother pigmented medium is applied).

[0031]  As discussed above, the relative transparency of the transmittent printing medium
decreases or eliminates the ability to “see” or reproduce the latent image 20. "This feature, in
combination with the encoded nature of the latent image 20 makes copying of the authenticating
indicia extremely difficult if not impossible.

[0032]  The latent image 20 allows the authentication image 16 to be seen only through the
use of a decoder 30 as shown in Figure 4. The decoder is designed to have optical characteristics
that are matched to the manner in which the authentication image 16 is encoded. In the
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[0032] The latent. image 20 allows the authentication inage 16 to be seen
only through the wuse of a decoder 30 as shown in Figure 4. The decoder is
designed to have optical characteristics that are natched to the manner in
whi ch the authentication inmage 16 is encoded. In the 6 0 5 %%Eﬁéﬂgé

Il lustrated enbodi nent, the decoder 30 conprises a decodi ng¥l 007

manuf actured to correspond to the line frequency of the encoded | atent

i mage 20. Figures 5 and 6 illustrate a portion of a decoding |ens 32 that
may be used in enbodi nents of the invention. The decoding lens 32 is a

| enticul ar | ens having an upper, viewer-facing surface 34 with a series of
curved ridges 36 and a |l ower, image-facing surface 38 that is
substantially flat. The curvature and spacing of the ridges 36 is
established so as to optically bring the rasterized fragnents of the inage
20 together. The regul ar peak-to-peak distance D between the curved ridges
i s det er mi nedilutisatedrembodisient thefdecajerinpmpises  decsding dtins 32 memdacemed the near er

he o O R UBASK: ol s RSSOt bl { RGNS’ e

earer on 1 en the
decoder 30 |Spojﬁaﬂoﬂacdecaimgnbm32dh11tmaymeumdtm mhlmdilxﬁantsTdfeheammem |Thatde®dmg o
| mge 16 may st
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al t hough the ﬁ&@égeahnd:aldmnW@sv@ﬁg&&%ﬁhﬂ@dmb@ﬁhﬂyﬂﬂdﬂéém&dﬂmmd
di ff in f bt d | at ent
20 15 Cmore | TAHOROETETIEN eeubliel i o Pitisal i R B SRR of Sy
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enbodi nents of the i.nyention s e and. a r .decoder
will be underEYg’StﬁleﬁVd ueIcHp ?éﬁCﬂ%%% fearerdhe,mp }e@? mewm{%m

surface may B&¢Qing 146880 b hﬂ@kﬂéﬁf&lﬁﬂa&ﬁt%@@%@ﬁé cl¥ar e aaBébkitdioh @fade 16
account for this curvature to duce a viewabl e authentication_ima
Sepipasanioneis

[0034] The ex@#pbarjendibe demodg 30 passedts ﬂﬁ%ﬂ%‘e%a&‘eﬁlﬂq -cThgaw

| ens, al t hougl,ay @i b@ﬂﬁw@d frede ﬁeﬁﬁénﬁ?ﬁftﬁé&éc@d:ﬁ@&hﬁl@z Sthédakst inRgdSPde within
Typi cal ly, the decodl ng | ens manuf actured fromor _may include

material s havebt A9 Wupﬁﬁmelégf@ra aF@Pﬁ‘dé‘P?‘!ﬂh theputheptigatin mage 46 MaR ARPSH | ity
of inmages vi ewRt A" Rt hitendes feflency Mo vetn QWY 1EAS2aRd the‘i:-ﬁﬁlt sRRed0 W

light changes as it passes throu% diff ferent nmediuns. A particul ar nedium
has an i ndex ofore thpp ghout Hhlines per inch, the authentication image 16 may not be viewable using the

decoder 30.

[0033]  Although the illustrated embodiments of the invention show a flat surface and a
planar decoder, it will be understood by those of ordinary skill in the art that the printable surface
may bave a known curvature and the decoder may be configured to account for this curvature to

produce a viewable authentication i image.

{0034]  The cxemplary decoding lens 32 may be an acrylic or polycarbonate lens, although
various other thermoplastic resins may also be used. Typically, the decoding lens 32 may be
manufactured from or may include materials having high indices of refraction that enhance the
readability of images viewed through the decoder. As is known in the art, the speed of light
changes as it passes through different mediums. A particular medium has an index of refraction,
which is defined as the speed of light in a vacuum divided by the speed of light through the
medium. Materials having indices of refraction that are similar to the refraction index of air may

be preferred in order to reduce the distortion of images viewed through the materials.



which is defined as the speed.of light in a vacuum divided by the speed of
light through the nmedium Materials having indices of refraction that are
‘simlar to the refraction index of air nay be preferred in order to reduce

the distortion of inmages viewed through the materials. 7 0 5%%%@%
[ 0035] The thickness of the decoding I ens 32 and the radius g?e of

the ridges 36 are a function of the optical characteristic of the materi al
used. For an acrylic lens, a typical lens thickness would be about 90 mls
and the radius of curvature of the ridges 36 would be about 30 mls.

[ 0036] Transm ssion of |ight passing though the decoder 30 to the | atent

i mge 20 nay be reduced as a result of reflection of incident |ight by the
decoder 30. This phenonenon, referred to as back reflection, can

noti ceably decrease the ease with which a latent inmage 20 printed using a
transm ttent nmedi um can be discerned. This can necessitate that the
contrast of thi@0B&t enThe thigkepss Qf(Ihtb@eCD(ﬂmg b@ﬁ@"@d-pd thhiradiys of purvainee, of thecndgﬂs%am

the likelih }s f
e 11 K1 oo SOkt Tl A 50 o g
20 through a c&s&ncwaplpibngbmt?@mﬂahnc(the gdips of&hivaqm'eawfel)e Bdpeh3Gwoutd bhiboaeso

used as an OUtx%{ls packaging material for the article 10. In many instances,
the |ight that reflected and not transnmitted to the | at ent inage 20 may

be bet ween abo % t 9 f the i,nci d ht er
the refractive @ex 0 %%gstl?rnaq£ tarfasﬁ”i‘gr &ﬁ“\ﬁﬁ%’ﬁ °Ittf°glgtFntﬁ’E?§$ %ﬁé’%?g'%
reach the |at Ednced engesBiof refetibesfindidblight bthe deolidr®0s Hhistpﬁ&lodeﬁﬁﬁ?dfeﬁﬁ
di mi ni sh back ti ol .and in € t he readabi lity .of_ the |Iat . mage :
20, either or{obaﬁibﬁc(i: FHeD £27 79 3‘88"3’ Ypereasg therease yith pltichie jatesbimage, &g
with an anti - retheottenemedit@richnbe dischiedaTids don Qbceditate Wedd i JoBrRE bidhe BRY

| mprove |ight Iran SSI an e.decoder 30t range of . about 90%to
about 09 of t FEFEF AL PRUBEmeRHECh: 95 ot e cilod Srreppaerrise. e bk o

may i ncl ude, fﬁﬂc&iﬁﬁl&ﬁ‘b&ma@b&bﬁ@b@aﬂe@ﬂ@e&ﬁ&%ﬁﬁé@&ﬂﬁ@t@m Pro@edk B ttenf
nar r owband or Vﬁg@ ‘%’P@ﬁ coatin or, a broadhand nultilayer coating. In

an illustrativiag # clegr Wezppig mjtepélr(%ss‘ze pRRpne)Byeh it he_uses 45 ap pptore

coating Conp“ﬁacn@mg‘@uénamorﬁm&u&a)l@rﬁn%??igﬁdhc{ég,tgenlﬁentﬂlla?fes sur?gce of the

about 2-4 mcrons ﬁ'&?fg may be

lens or to desHfusEifsgte e”éfm"&etzﬁé?ay@i’ %Fﬁﬁl apput ffcto) abpt 160 ¢f shedtatal incident
light. The higher the refractive index of any material through which the light must pass to reach
the latent image 20, the less light that is transmitted.

[0037}  To diminish back reflection and increase the readability of the latent image 20, either
or both of the surfaces 34, 38 of the decoder 30 may be coated with an anti-reflective material.

The addition of such a material may improve light transmission of the decoder 30 to a range of
about 90% to about 99% of the incident light.

{0038] Suitable anti-reflective materials may include, for example, a single layer magnesium
flvoride coating, a narrowband or “V™ multilayer coating, or a broadband multilayer coating. In
an illustrative embodiment, 2 decoding lens 32 may have an anti-reflective coating comprising
four or more layers producing a total thickness of about 2-4 microns. The coating may be

applied to an entire surface of the lens or to desired portions of either or both of the lens surfaces
34, 38.

[0039]  The transmittent latent image 20 provides several significant advantages over the
prior art. Using previous methods, encoded images must be printed using one of the four

pigmented inks of a four color printing process (cyan, magenta, yellow, or black). This



34, 38. [0039] The transmttent |latent inmage 20 provi des several -
significant advantages over the prior art. Using previous nethods, encoded
i mages nust be printed using one of the four pignented inks of a four
color printing process (cyan, nmagenta, yellow, or black). ThisMgR 2087 VAR
2007 essentially requires that the latent inage be printed at the sane
~time as the corresponding color Ilayer of the primary inmage. The use of a
primary color also limts the placenent of the encoded image to areas that
do not contain a high concentration of that color. [0040) In contrast, the
| at ent i mages 20 of the present invention need not be applied at the tine
of the primary inmage 14 or background printing. This significantly enhances
the utility and flexibility of the application and use of the

aut henti cati on markings of the invention. Further, there is no need to

adj ust the placenent of the | atent image to avoid particul ar col or,

concent r at i ongsseatiallyeeqpires thit {heilateny émaga be primteriat thesame Ene M&?ﬂ‘%&’nﬁ‘gg telgx .
the transm ttept, Afeﬂgeeﬁ}ﬁndrgﬁgl%e 2pher 1§9th @ﬁcﬂr%ﬁm %e@ﬂicexﬂént pBBé Qiebddal on -

of the primary”image 14. Previous netho y require thé digitization and
br eakdown of irhagepe peesthatidpnefeontpinghighconasnination pfithakasloagol or separati ons of -
the primary inks or spot colors. Spot colors, as is known in the art, are

speci al |y m x&P40hks In prptragirtee Jpient imaghs 28 afithe piopsint iyention aced mprhecgplisd gbthe
ber " - -IHe . T |
W thout the ugg.Qf tﬂe%%ﬂ?@algﬁ%éllﬂr'bg Kehdn dﬁ%vxvflﬁtﬁug ’r'ﬁ?gkgﬁxﬁr%pgdﬂﬁﬁcc& B utility and

majority of an I nmage. 0 be printe spot “co are not _prrnted
with primry flekbilitodfoheapplitation anghseofthe atheotiction matkings of the inNention.uEurthgr,a

pri mary col or i - t.S)s egi ons
B i nted it h St 8 OIS TR Bl of e BlCARHAPH S PpBlu UK

i nvention, howencentratiohein/tizt primtary mmegelL0 is printed - separately using a
transmttent print medium There is therefore no restriction on the -

| ocation of {0M81] at ehothienaiyenta@ is Hiktchd teenemitientiiatgm imagenequirey Hd pepIpAEssing

Col ors. [ 0oasp® HEpPRel SR ate it I ARG R Bl St i 050N

cl ear var ni sh breakddvat ofttheprimanpige g th thmm&@bmpmmeﬁmmmminks or
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varying ' applied to a printed page without the use of the primary printing colors used to produce the

majority of ap image. Areas to be printed with spot colors are not printed with primary ink
colors. Thus, when an encoded image is printed using a primary color, the encoded image must
be placed outside of any regions printed with spot colors.

[0042]  In the embodiments of the present invention, however, the latent image 20 is printed
separately using a transmittent print medium. There is therefore no restriction on the Jocation of
the Jatent image 20. The latent image 20 can overlie any portion of the primary image 16
including any areas printed using spot colors. '

{0043]  Yet another advantage of pﬁnting the latent image 20 in clear varnish is that the
image 20 may printed using low resclution. Resolution, typically measured in dots per inch, is a
measurement that relates to the quality of a printed image. Printers print images using varying
sizes and pattems of spots that are made up of many dots of ink. Printers typically use a haiftone
grid divided into cells that contain halftone spots. The proximity of cells in the grid is measured
in lines per inch. When resolution is low, fewer dots per inch are present and the halftone spots
are more obvious in the printed image. 'When the dots of a latent image are formed from

pigmented ink, it is easier for a scanner to replicate a low resolution image than a high resolution



sizes and patterns of spots that are nmade up of many dots of ink. Printers
‘typically use a halftone grid divided into cells that contain hal ftone
spots. The proximty of cells in the grid is nmeasured in lines per inch.
When resolution is low, fewer dots per inch are present ang gheahahft one
spots are nore obvious in the printed inmage. \Wen the dots of a latent

i mge are formed from pignmented ink, it is easier for a scanner to
replicate a | ow resol uti on i nage than a hi gh resolution 9 0 5 MAR 2007

i mage. This is because in high resolution, the dots are of such density
that the scanner is unable to discern anythlng nmore than a continuous

i mage. Low resolution printing may thus decrease the effectiveness of

| atent images printed using pignented ink. Wien a |latent imge is printed.
‘using a clear print nediun1 however, the difference between high

I nd | I b t h
O o o R i S B AR M8 b 5 S e

clear print n&@mamhhyhngmﬁﬁ&iainﬁmoutﬂme%&@retauthﬁgﬂh tifg @l thils decrease
variety of re olgtlons froml ow resol tjoné%eorrespon n

to.a frequency
of about 50 t °"rt’|"?f5§5°f6”é?mi”ﬂ%ﬂ“r§? St Pregenied pko \Vhea @ ?%&HB%&%%Q“\‘“&
frequency at ﬁin@@ﬂb@pﬁﬁﬁndﬂm%oﬁévem%én& B&ten tﬁ@ﬁeﬁiﬂiﬁoﬁ%ﬁ@idﬁﬂeﬁl\:ﬂoﬁ
bet ween. The advanta ﬁél ng low resolution printing is that it
typically in$dre ﬂ@ﬁ@’rs PrANBST AARNS diprainginaicibe atsat impgeifromithe fubsiatfes a

hi gher | evel of repeﬁlabl It $/ t han hjgher resol ution processes due to the.
| ower densi t ylO9f4dvat 25 use ohetipay PEBRsdivm thes prablenlatens impess20.40 be prinied i8ad t o

describe the 3bicty éfitesofutionsPfrbm e resOluBRNEdrebsRtinY 1 REMERy! k SRto BUREES
of i mages. [OOAt3 1 The ablsFl ty torprlunt rtl n Il?v% rgtsolﬁﬁdonyoﬁggguexpands t

substrates onP% gk torhigh tesplition (comesppadipgtorpejeqnrncy pij o ebaye 150 tines,on moreper @Ghbe
types of papegna &%oﬁﬁoﬂ‘ﬁ%ﬁ@eﬂt m&ﬁ@gﬁ;& ¥ty gégﬁxgt#%tﬁg ?Aerggh ically

i mages because of "t he way the paper bs i nk and out “on

the paper.. AV vp@ewmmmmm andtlowes cosy pachyet prpvides ahigher btvelapfrr@;ammhwchanof
-85 lines per &resoﬁhoﬁ ?x?c&&é@ﬁﬁe%’lﬂeﬁ@vertd}ﬁ ?Q?ﬁfa{eﬂﬁ‘beﬂ ngﬁgia?i &%&% rmr e'

paper such as hat used magazi nes nma ve a resol
| i nes per i nclerpagesie deserilethe &ha,htbr@éspmw tg pensisténtly HOAEE 1dtznt1taﬂldmnl¢8@ﬂiahages
advantage of low resolution is that it can. be carried out using al nost
any printing &Qfbnmefke abadsm@%mlomresnmnwgalm@@m ﬂwrsebmmbme vfcharlateati ng
low to nediu 90 ity b Bridt SR GRS ¥xarhi RS on
out put [0047 %gne e?rbogllﬁnents o’f‘ Iﬁe I NV %S,C"gﬁ I‘OVI rfuﬁ%?ﬂ#l%
addi ti ves in trdpeoduce lJow resolution images because of the way the paper absorbsmkand howmkspreads
out on the paper. As a result, newsprint is typically printed at a resolution of 85 lines perinch.
At the other end of the spectrum, high quality coated paper such as that used for magazines may

have a resolution of 150 or more lines per inch because there is less ink spread.

[0046)  An additional advantage of low resolution is that it can be carxied out using almost
any printing equipment. While most printing presses are capable of printing low to medium
resolution imagery, fewer are capable of high resolution output.

[0047]  Some embodiments of the invention provide for including additives in the -
transmittent printing medivm to fine tune its density or appearance. These materials may be
added to the printing medium in small amounts so as to enhance the appearance or readability of
the latent image without exceeding the contrast threshold that would allow the latent image to be
scanned. Such materials might include dyes, reflective material or iridescent materials,
Generally, iridescent materials reflect light only when viewed at an angle other than the
perpendicular. Because scanners typically project light perpendicular to the item being scanned,
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transmttent printing nmediumto fine tune its density or appearance. These
materials my be added to the printing mediumin snmall anpbunts so as to
enhance the appearance or readability of the latent inmge w thout
exceedi ng the contrast threshold that would allow the | atent i?ﬁﬁf h% be
scanned. Such materials mght include dyes, reflective mat edi &l 200

i ridescent materials. GCenerally, iridescent materials reflect light only
when viewed at an angle other than the perpendicul ar. Because scanners
typically project light perpendicular to the item being scanned, 10 0 5 MAR
2001 an iridescent material nmay be added to the transmttent printing
medi um wi t hout affecting the ability of the latent image 20 to avoid
detection and reproduction. [0048] Based on the above, it will be
understood that the encoded |latent inmage 20 printed on an article using a
transmttent printing nmediumconbines with the decoder.30 to provide a
system f or autthisidescen mrisgal may b pdded teethe transmiftent printngsmediem avitheutaffestingdhy s

configured to rlei . . [ .and, through its optical .
characteri sti%@,{ c?ztchgﬁeegt ég%]%dt)tg%?mk%tgée%% soErc g "an aut hentication

i mge 16 may i e ' | i a
rasteri zed ve@ia%fn ﬁ?gﬁ%ﬂ%ﬁ%ﬁgﬁ?@ﬁeﬁ@ﬁ%ﬁ@?@ﬁg&qlg{%ﬁ & rr% e Z 6
bei ng pri nt edamartitle asinga tegiehigentiprietng mediurh cachign ejth tHenlesadeh3Eiotpoiiidesnt s,

t he decoder COAPL IhS.E: Qs | cular lens. 32 conf.i gir.e i t h .
correspondi ngggép:gb%gﬁlg%g%%hﬁﬁé al%wgltc-f"n '#5 Syséer%’%%eu e‘é"lﬂeﬁ%éﬁ%gﬁgprgdgq%"ggﬁ t%‘f\’/er
the | atent i mesped@laterdt ivagn @0 hmd) thirewphiie pptiicibharadteristioy dévedy ihe Meeht indpe 208a0S
may be configyred s t hat .t he lens .frequen mat ches the line fre ncy of
Tho Pt ont 1 oifaEentherdith e S e Gvetn o e e Rmits. i B ek S

Fi gure 7 showse ardsieriund katibn of th@authientibatidn @hage ) tid 1agntaiage 10 iy peiated ithi dTage
16 to an article 10 i cordance wth ap enbqdi.nent of the.invention, The
ot hod begi s PERACteERsd lng freqgency i syeh srabotimpats, heidgodes g omgrps LEpeulay Jngs o
created. The 3ag lbdsmgtu'waiﬂh ngﬂeﬁﬁ%&in% E&c@i&he};‘ SRBRFWheEthé ﬁ-)_ﬁticulﬂflixgimaé pl@d’ga\bﬁérk

or an existing l.ogo,or adenmar k, e, aut henti cation ipage may be
derived from g??d?tg'ﬁpﬁﬂﬁﬁéé'aﬂ?q qgﬁzg{ltgcgp?%%aggilggpymgwqde@e Mbﬁf%gﬁ““d so

i ndi ci a desi r gght Y lehéi@equetit® inatched the Bik fRdcRMicYf fhe MRenkin®lee 20 WiNBRH dbBitiplus of'S
previ ously noted, the aut_h%gtlcatlon i mage 16 may be a single imge or a
wal | paper - st yEanysd0iipssperipthoso] At S 120, the authentication image 16 is

digitized for [(%[48{ agsig:?rcn q/sgéwsparﬁ)gv%igrit QP a.xtr)lgthgd of applying an avthentication image 16 to an
article 10 in accordance with an embodiment of the invention. The method begins at 5100. At -
§110, an anthentication image 16 is selected or created. ‘The authentication image 16 may
compriée text, original artwork or an existing logo or trademark. The authentication image 16
may be derived from photographs, iliustrations or printed text or any other indicia desired by the
user that can provide a mark of authenticity. As previously noted, the authentication image 16

may be a single image or a wallpaper-style pattern.

[0050] At S120, the authentication image 16 is digitized for storage and/or processing by a

data processing system. A pre-existing authentication image 16 may be digitized in any known
roanner such as by scanning. It will be understood that the authentication image 16 may also be
created in a digital format such as through the use of digital photographic equipment or through

the use of a computer.

[0051]  AtS130, the digitized authentication image 16 is encoded to produce an encoded
image using a data processing system and software adapted for the encoding task. To
accomplish this, the digitized authentication image 16 may be subjected to any of various

11



data processing system A pre-existing authentication inmage.16 may be
digitized in any known nmanner such as by scanning. It will be understood
that the authentication inmage 16 may al so be created in a digital fornat
such as through the use of digital photographic equipnent op iﬁﬁéﬁﬁz t he
use of a conputer. [0051] At S130, the digitized authenticati 16 is
encoded to produce an encoded inage using a data processing system and

sof tware adapted for the encoding task. To acconplish this, the digitized
aut henti cation inmage 16 may be subjected to any of various 11 0 5 MAR 2007
encodi ng or encryption techniques. As discussed above, one such technique
(described in the '717 Patent) involves the rasterization of the

aut hentication inmage 16. In an enbodi mrent of the nethod adapted for using
the rasterization technique, the encoding software breaks down the

digitized authentication image 16 to create a series of equal] ggqacgj?
li nes havi ng BCOHRERIERETYPIAR techniguesy @ﬂ@&?sﬁqdé’ﬁo‘ﬁtﬁﬂﬁﬂdk#cm%@@e%é H Any

frequency may«pepusffinvéildsimugde fﬁummum@&ﬁaﬁ&%ﬁ txeaﬁs‘dmimeatofme |
frequency that Is tcg/ |caII use n the printing arts. %pl cal prlntlng

frequenci es nmgthebadapiedyfor aﬁgathﬁmmmmecboque» theg@pémgis thg0
lines per inclyub O0ndlkndRRaPREGEf6h! c?ﬁ&eas opgquﬁl?)\/ @c&slm@s héiiga ?eguenefw

image file forTuse in creating” prin ates’ or” screens. Inc
. printing processespecifedinngter bﬁﬁmagaramﬁhyAny&p@cmynamse@alﬂymmgwb@ full

negati ve " f or MprReritp sHEE T dhdeRR bIORRE tood i o drihe BRE oA plng
pl ates to be ﬁeQuandmdnay(bemaraagcfrgahlalzmmhmlaamohtthabpuaﬂnﬁﬂﬁneppdrmchng press.

[0053] The encoded inmage is used to print an encoded |atent inage 20 on a
.printabl e surfoffz] 1Phexnceded magemdyé)els@zedtas Sepade, nEwcirege fddor dsaingreatingrage

the i atent i niuagas ok & Rahetl phitiog Bboe B L oMb idBlngl HE S BRRRRS O
scanni ng devi generating ﬁuﬁmeﬁﬂthmhlmﬁgz-mﬁomﬁm imagesattet mmemsmwmmgwwe nt
St andar d. pri niRE: e ARage Sorwardiode s i Beoiip o8 o B PR el

clear pri nterc)ﬂmdmnﬂslﬁthog?amdmm&ﬁg eensi stent with printing standards set
by the G aphical Arts Technical Foundatlon for a given printing process.
[ 0054] I n somgossist afisesncodeddmpgel inbised fteeprint ad encededi2atedt|inagd 20smdyprinmble stnéazn

printed with §2 of the article 10 at S140. The encoded latent i image 20 is printed using & transmittent printing

medium so that the elements of the latent image 20 cannot be discerned by direct viewing or by a
scanning device. In some embodiments of the invention, the transmittent printing medium may
be a clear printer’s varnish that can be applied using standard printing techniques. The latent '
image 20 may be printed with clear printer’s varnish in a manner consistent with printing
standards set by the Graphical Arts Technical Foundation for a given printing process.

[0054]  In some instances, the printable surface 12 will already have been printed with a
background or a primary image 14 using ink, either in grayscale or-color. Any initial printing on -
the surface 12 may be accomplished by any known method. In color printing applications, the
initial printing may include any four color printing process. Suitable printing methods may
include lithography or offset, intaglio, letterpress, flexography, and gravure, for example. Digital
printing techniques such as inkjet and laser printing may also be used.

[0055}  If some or all of the printable surface 12 has been pre-printed with & background or
primary image 14, the latent image 20 may be printed over the background or primary image 14.
The printing of the latent image 20 may, in fact, be carried out as a final step of an overall
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background or a primary inmage 14 using ink, either in grayscal e-orcolor.
Any initial printing on the surface 12 may be acconplished by any known
met hod. In color printing applications, the initial printing may include
any four color printing process. Suitable printing nethods may include
lithography or offset, intaglio, letterpress, flexography, pRdM4aR &80fe, for
exanple. Digital printing techniques such as inkjet and |laser printing my
al so be used. [0055] If sonme or all of the printable surface 12 has been
pre-printed with a background or primary imge 14, the latent inmage 20 may
be printed over the background or primary inmage 14. The printing of the

| atent image 20 may, in fact, be carried out as a final step of an overal
12 0 5 MAR 2007 printing process that includes the initial printing. For
exanple, the latent inmage 20 may be printed by adding a |ayer of clear
printes's varnish on the printed substrate just as if a fifth color were
bei ng added t prirtting Process eat mo]aﬂesﬁhmmtldcnrmhngarﬁon@namglephhelﬁé@slm%ﬂ 2@manbs vel v,

t he | atent [ e t und .
or primary i n%xgn%‘uﬁ@ adlga?a exp(;f'cﬁ%x ep%n‘?egfsn 1 ﬁﬂ o%%ﬁ@ﬂﬁ&&%\%i%{tgﬁhabﬁ Lﬁﬁa“c%io?

| atent i mage @6reieimng bahiedttdhdtrﬁmmahfoumdoktphghnglpfdceseMtemamlyL {he Jatent inage 0
di fferent manufa

t h th t th ticle 10  Th
e A Ak B ek ol el
[0056] Where pﬁ@n@mquipm&ﬂteAsurésﬂa@dlaeﬁlm@mmywhmdupm)mpneteéydlffennal ns -

east a por t | BB o1 SR mepas el i) e of Bkl ff‘ﬁaﬁ%@%ﬁﬁ

over a pri nar yo mafeenbb afplied ad poiif 9f sald dfeheiBiicke' 1001 a broken inmge, i.e
one that has cl osely, but |rregul arly, spaced |lines and/or shapes,

It?lglac\?vlolri %;T{?gﬁgogg\?je?otge : qg%?vﬁrsaluﬁg?gg'a??mégg?@UPC e

[0057] When am%a%mmﬂyr?&gmc@%%ﬂce‘@tpﬁpﬁn tleASAROF BT ths LRtER, ég ?h’eum

the | atent '”%mﬂf@k’%ﬁmghiediuﬂa@ef%ﬁrﬁﬁﬁﬂﬁ enﬁwﬁprm‘mﬂeﬁb&ssrdm wher e
()

the latent i mage has been printed |on | ert

sophi sti cat ed B8t Predhitdpsel ?%"’r]é’tb‘%iufﬁgﬁ’&ﬂbtspiﬂe‘is aﬁsitﬁlﬁﬁs whithae in
a trasmttent GRgth w0 Hatord 650 Mal &InGebt. Hrtemﬁ?@ mammmmay bea bR RadeSich Wb at
type of alteration has_ occurred or that a ent inmage is present, the

al teration m?U%WPWGMQel ter to further investigate the product

Printing the |latent.inmage over a |line work primary inmage. as
{0057] = When a latent image is printed in a transmittent printing medium, the latent image

may result in a noticeable reduction in gloss level where the latent image has been printed. This
reduction may alert some sophisticated counterfeiters that a product p:intéd with a latent image
in a trasmittent mediura has been altered. Althou gh it may not be apparent what type of -
alteration has occurred or that a latent image is present, the alteration may invite the counterfeiter
to further investigate the product. Printing the latent image over a line work primary image as
described above, particularly one that has alternating contrasts and irregular variation in line
spacing such as a bar code, may be particularly helpful in preventing a noticeable difference in
gloss level where the latent image has been printed in the transmittent printing medium. As one
views the line work with the naked eye, one’s vision is typically slightly dlstorted by the
irregularity of that image. Further, the same alternating contrasts and varied lme spacings of the
line work also decrease an optical scanner’s ability to perceive and/or replicate the latent image
if the article is scanned. '

[0058]  As shown in Figure 8, the printable surface 12 of the article 10 includes a primary
image 14 that is a UPC symbol. The UPC symbot is line work that includes a series of
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descri bed above, particularly one that.has alternating contrasts and
irregular variation in line spacing such as a bar code, nay be
particularly hel pful in preventing a noticeable difference in gloss |evel
where the latent imge has been printed in the transnittent[PS ﬁékgﬁo
medium As one views the line work with the naked eye, one''s

typically slightly distorted by the irregularity of that inage. Further
the sane alternating contrasts and varied |line spacings of the 1line work
al so decrease an optical scanner's ability to perceive and/or replicate the
| atent image if the article is scanned. [0058) As shown in Figure 8, the
printable surface 12 of the article 10 includes a primary 1image 14 that is
a UPC synbol. The UPC synbol is line work that includes a series of 13 0 5
MAR 2007 irregularly spaced |lines of varying thickness I'n the enbodi ment

shown in Fig [ ﬁ?uﬂe
transmttent % arh}%ﬁce{ighum a H gﬂmgpk%%grﬁnt e prr nt ggfh%% ace %g such
t hat subst ani magq2(aislpre®¢rahlhmtalmﬂie transugjtient grigyingmiedhnoapplied dver the pantatfle t he

Do 20" ext IR et B8l SRRl BPof GE1RA AR LROF p e H By pb Babl o0t
synbol . For cdugface 32 thatt contging e Primirh émapeda, tttlmr me 1deat inaigem exterdn galy prtially,

i's shgun f b |
R gur e 1 AR 2poBeee GHHR ABRS PR R et B e R e s E
line work prinmigy20 BRgas isGheiSGWibseg, rataébthzﬁhaaﬂgﬁ‘lds af\@rbmslnbeasehowﬁ i %31

in gloss level itself nmay be directly controlled through the use of
hal ft one scre®i used to apply the transmttent printing nedium The

hal ftone scre used t0Q ua chan the densi t the
o et ot SfiBBey s 4l o prefpethe Rlia mhes Vet 1ok TEBRNY dneghtodiigpise s
| evel that gracichbdge ih HEEsQORE ShedBandh §i @6 GevEriQBI ki bé&ﬁéﬁﬂ?;ﬁ;ndoﬂé@miougﬂme

i ncreases. In this nmanner, any reduction in gloss,|evel rgﬁ% resul t
fromprinti ngUiei0d belfiprerfereens pserdo aRplY e Bapemitedf prnting anedym. JThe halftopescreny;  he

likelihood thafay 6etesel iR Eitngdlthd dehsity 67 HelraROmitiehtPrinBrl mediir © THE E5QR6 B

of the | atent |ma e. Chan%fe;s |ntgloss | evel may be partlcularly effectrve

when used in é?ﬂ%? watlisdma aletsdeyst ﬁtgrwﬁalbverreewd&m Irpmydesirorafhe Eeny Hodase

latent image Zfdrepies! mahis @RAnRS, Y tah@n B AbssAVe LRkt ) et i me%e%ta| SO
be printed directly to an unprlnted portTon of the printable surface 12
The | atent | niBageiasprea gyer a greater area, reducing the likelihood that one viewing the article would be

alerted to the presence of the latent image. Changes in gloss level may be particularly effective

when used in combination with printing over line work.

[0060]  Although the latent image 20 will often be printed over an earlier printing, it may also
be printed directly to an unprinted portion of the printable surface 12. The latent image may, for
example, be printed directly onto paper which has not previously been printed on. . As noted
above, a primary image or other printing could be applied subsequent to the latent image with at
least a portion of the latent image showing through unprinted areas of the primary image.

[0061]  Referring again to Figure 7, once the article 10 has been printed with the latent image
20, the article can be forwarded for distribution, further packaging or additional printing. The
method ends at S150.

[0062]  The invention also provides methods for verifying the authenticity of a suspect articie
where authentic articles are printed with an encoded latent image 20 using a transmittent printing
medium and non-authentic articles are not. The latent irnage 20 corresponds to a predetermined

anthentication image 16 selected by the provider of authentic articles. The method involves
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. exanple, be printed directly onto paper which has not previously been
printed on. As noted above, a prinmary inage or other printing could be
appl i ed subsequent to the latent inage with at |east a portion of the

| at ent i mage showi ng through unprinted areas of the prinarx}Snﬁggqup061]
Referring again to Figure 7, once the article 10 has been printed wth the
| atent image 20, the article can be forwarded for distribution, further
packagi ng or additional printing. The method ends at S150. [0062] The
invention al so provides nmethods for verifying the authenticity of a suspect
article where authentic articles are printed wwth an encoded | atent i nmage
20 using a transmttent printing nediumand non-authentic articles are
not. The | atent image 20 corresponds to a predeterm ned authentication

i mge 16 sel ected by the provider of authentic articles. The nethod
involves 14 0 5 MAR 2007 obtaining a decoder 30 that is configured tq be
pl aced over abtaninga decedendd et ingonfigered trsendacedover larzet Igpntipw of the susprebHele

| atent inmage 20 | j Is i ' EN6hd85R68 5 fusthe :
further conf‘}%%eﬁe\r/\%gla%o?eﬁ léot%%tlgdélagleaéHggﬁeﬂg%ggﬁ%h%fmcaer?hdecode 1$t he Irat ent
i mage 20 so tdvafigued withaptical cthayateristicsithat ga deGodedlie ligentimageed spthapatesent . The

met hod further i nvol.ves placinag the .decoder : . .t ion on
t he suspect a?“ﬁea?céh%lalag? g‘ﬁﬁuﬂ'g’etvﬁeewetd & (')I% gfn %‘ﬁ& P&tp%u%ﬂ&&?hleak@géﬂgder . A
det er m nat i ondecsder Beeoventhe eargdniicition obhise saspebteoantdleomt viswingrtheargetlocaion hedighe .

Responsi ve to, a . deternipati.on. th t he,authenticati . J SRLesent,
the suspect afPgf ig] dgﬁ%ﬂﬁlﬂéh"f’il ena@a%‘t%ﬁ f{h?, ?“%?@gg%ﬁg?‘g%%]‘ g 14a‘ﬁslﬁ)“lé"
det er m nat i onRégparsive iea detdriviationcBitithavtivagatidbiniage Iis pregent. sherusperhetideispect

article is identified gs non-authentic, [0063 n . met hods for. verifyi t he
St henti o1ty Seoiped GumliEpte et vajsa deur o il e R el imtEL o ¥bA0
rasterized vepgie tiefusph® aftidleieBkitERE bofon-aBgaicl6 printed with a -
predeterm ned |ine frequency, the decoder 30 may conprise a lenticular

| ens 32 havi ngoas) enb shetldsifon eatifiing the ettty of hsnspecniatifle edere tiylatefit itahge

| atent i-mage 20, withi,n about plus or mpus, 10 |inegs .per inc [0064] . There
are many exanp} &2 1ese ""ffé"é“’gf‘hetaﬁ e?ﬂ??ﬂ??d?a?“l?{ﬂ‘%eidﬁ(}é‘rﬁﬁrﬁ}c“&‘?ﬁgﬁ%‘]t hods
of  verifyi ngsasieR@tht Gédoler30 &R dbmfride@ lidtiRulariemBibavingm jenb requencyi that out  at
any tinme. For exanple, custons officials may, \zerw 1ﬁass o.ortg) cont ai.nihng
encoded | at enfmaichesghrling SAvenny of fheateptimaps 2} withip shout pIRSOr RS IP Iges pgdnch,, b

corporate investi]gat S may verif aut h icity, of_ btan
[0064

€Ie are many exany lets %? the use o%%e methc}/ds of the mvcﬁjneoql, gl%ogéhods of
verifying authenticity according to the invention may be carried out at any time. For example,
customs officials may verify passports containing encoded latent images upon entry or departure
from the United States, and corporate investigators may verify the authenticity of branded goods

housed in their distributors’ warehouses.

[0065]  While the foregoing illustrates and describes exemplary emboc_liments of this
invention, it is to be understood that the invention is not limited to the construction disclosed
herein. The invention can be embodied in other specific forms without departing from the spirit
or essential attributes. ' '
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housed in their distributors' warehouses. [0065] Wile the foregoing
illustrates and descri bes exenplary enbodi nents of this invention, it is
to be understood that the invention is not limted to the construction

di scl osed herein. The invention can be enbodied in other specific forns

wi t hout departing fromthe spirit or essential attributes, 5Q§ rch 2007
CLAIMS What is clained is: 1. An authenticatable article céﬁ%V' O&E: a
printable surface; and a |latent inmage fornmed on a first portion of the
printable surface in a transmttent printing medium the |atent inage
bei ng an encoded version of an authentication imge and being configured
for optical decoding by an optical decoder so that the authentication inage
can be viewed through the optical decoder when the optical decoder is

pl aced ov Aﬁ@§ | atent image wherein the transmttent printing nediumis
selected 10 provide a maximumreflectivity difference between the first
portion of the printable surface with the latent imge printed thereon and
an adj aceéWhatds elainodd is:he printable surface, the maximumreflectivity
difference being no greater than 5% of the reflectivity of the adjacent

area. 2. authenticatahle article according to claim1 wherein the
transmi tt@%t_" aﬂ)’&l}e ﬁ?qﬁa}?e LGP GAPLSIE| ected to provide a maximumreflectivity
di f f er encepsdaieanfacéiendi rst portion of the printable surface with the

| at fent i rmg&:npfﬂlq’gtee@hﬁdaefnepﬂixs@ﬁtdtt i@ﬂpi]?(]ﬂb @ﬁﬁt‘ﬂbie%ﬁﬁﬁ’ee% altRBsmiBEht Prih 0.5
surt ace, I CtIlV erenc el lN.a range .abou . 0
S0 abour e i RAsia d holteh BSOS A FuREnd Buch LR Gnt beidy

aut hent i onEsysd for ortical drcedipgibygintaptistladespder whdhasithe ayibenticatinmminagent
printing camgui viewsbtipmighabe aptichedecoferi wiiearthe opficahidedbderdis pedwivhemti cat abl e

article agepfilapg to claiml wherein the transmttent printing nedium

i ncl udes one .or re of dye and.,an .iridescent terial,. .
wﬁerem thenPra:nsmlt’cen‘%l antmg medium is selected to provide a maximum reflectivity

difference between the first portion of the printable surface with the latent image printed
thereon and an adjacent area of the printable surface, the maximum reflectivity difference
being no greater than 5% of the reflectivity of the adjacent area.

2. An authenticatable article according to claim 1 wherein the transmittent printing
medium is selected to provide a maximum reflectivity difference between the first portion
of the printable surface with the latent image printed thereon and an adjacent area of the
printable surface, the maximum reflectivity difference being in a range of about 0.5% to
about 1.5% of the reflectivity of the adjacent area.

3. An authenticatable article according to claim 1 wherein the transmittent printing
medium comprises a clear printer's varnish.

4. An authenticatable article according to claim 1 wherein the transmittent printing
medium includes one or more of a dye and an iridescent material.

5. An authenticatable article according to claim 1 wherein the latent image comprises a

plurality of parallel lines printed with a line frequency in a range of about 50 lines/inch to
about 150 lines/inch.

6. An authenticatable article according to claim 1 wherein the line frequency is selected
to match a lens frequency of the decoder within about plus or minus 10 lines/inch.
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5. An authenticatable article according to claim1l wherein the |atent inage
conprises a plurality of parallel lines printed wwth a line frequency in a
range of about 50 lines/inch to about 150 lines/inch. 6. An

aut henticatable article according to claim1 wherein the |line frequency is
selected to match a | ens frequency of the decoder within bo%% &+us or

m nus 10 lines/inch. 16 5 March 2007 7. An authenti cat abl f

according to claim1 further conprising a visible primary inmage formed on
a second portion of the printable surface. 8 An authenticatable article
according to claim7 wherein at |least a portion of the latent inmage is
formed over at least a portion of the prinmary inage. 9. An authenticatable
article according to claim8 wherein a maximnumreflectivity difference
between the at | east a portion of the |latent image and the at |east a
portion of the primary image is no greater than 5% of the reflectivity of
the at | &asin authepticitaile eftictehapcorditigntargfaiimnh derthet Oompuising) s hvésible paraty e
article daaes brmed bPa %c%d?&h%@frtﬁé PriftSle RidA¥Br Y 1 mage conprises line
wor k. 11. An aut henti cat e article according to claim7 wherein the line
work is a bar code. 12. A systemfor authentlcatln? an article, the system
conpri si @.A%Wtwg?ﬁahlmélefa&%&g it clainn 7 hesin glelsest gmorianf theldtean on” a

pri nt abl emage fsdermedfoverdee leastrd peelien ofttheplimirgimagarage being configured as an
encoded version of an authentication image using an optically decodabl e

codi ng sche and t rans tten rinting di um bei hg sel
o ovi de & S i P APl ARG L 1T IS ISET & Pk GHmD GPRFUNTE t he
pri nt abl edifferiencechetwigeniihe sidedshn partionrfdles lotanhineage tahé theoat leastia pertigujoficent

area of tthepnmatynhﬁ@éﬁ@tgr&aa@r&hartmoﬂn@h@z@ﬂeatmir betheiay 1dadt Lpdrfi® e bei ng
no greatg; %2 g{ %» of the reflectivity of the adjacent area; and an
optical deco rising a | ens adapted for placenent over at |east a
portion of the Iatent i mge, the lens having optical decoding properties
cor r espondl. Ag duthebtientabjrt drodk hycordlag addhihe? eteiengths primary e dempdieng t he

| at ent i nggeyyken the lens is placed over the

11. An authenticatable article according to claim 7 wherein the line work is a bar code.

12. A system for authenticating an article, the system comprising:

a latent image formed in a transmittent printing medium on a printable surface of the
article, the latent image being configured as an encoded version of an authentication
image using an optically decodable coding scheme and the transmittent printing medium
being selected to provide a maximum reflectivity difference between a first portion of the
printable surface with the latent image printed thereon and an adjacent area of the
printable surface, the maximum reflectivity difference being no greater than 5% of the
reflectivity of the adjacent area; and

an optical decoder comprising a lens adapted for placement over at least a portion of the
latent image, the lens having optical decoding properties corresponding to the optically
decodable coding scheme for decoding the latent image when the lens is placed over the
latent image, thereby allowing the authentication image to be viewed through the lens.

13. A system for authenticating an article according to claim 12 wherein the latent image

comprises a plurality of parallel lines printed with a line frequency in a range of about 50
lines/inch to about 65 lines/inch.
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| atent image, thereby allow ng the authentication i mage to be vi ewed
through the lens. 13. A system for authenticating an article according to
claim12 wherein the latent inmage conprises a plurality of parallel |ines
printed with a line frequency in a range of about 50 |Iines/inch to about
65 lines/inch. 17 5 March 2007 14. A system for authent|c§§1 8 ﬁ& article
according to claim 13 wherein the lens is a lenticular 4 F d as a
substantially planar nenber having an upper, viewer-facing surface and a
| ower, image-facing surface, the viewer-facing surface having a plurality
of adjacent parallel ridges having a common geonetry including a curved
uppernost surface having a predeterm ned curvature, the nunber and
geonetry of the parallel ridges establishing a |lens frequency. 15. A

tem f t hent j. cat : ticl di t.0 13 t he |
ot se R SRR A Eh i SR A LRt e o
vi ewner - f agfitgglas (eng cdFA@ uhgan rPianaagaLEraivVig agwnpabeﬂcvﬂe@- aCAl&yst em
f or aut heotfaicaind agowwd, RidgeFhaEn@askeithRgvitwercthdh@mdfaceevigg B plurditaot i -
reflectiva E%tﬁa?alelt%gﬁé %ﬁ%ngr L ngﬁ@h“@oﬁﬂe{ﬁ g@iﬁﬁﬁg% cﬂlg.red ef%m%é/Stem for

aut hentica an art e ac

reflecti vsgrfjew VIRg ad’&i‘?@ﬁ?‘?’@@& SPTVpEs thegpabsy ana"l &?aw%m?ﬁba pee F.rhi@e%nd a

br oadbandstabliskingregensifiequénegyst em f or aut henticating an article according to
cl ai m 15 wher ei n the anti- reflective coating has a total thickness in a
range of @gbout ns..to about .4, 0 m.crops t ho appl yi ng
o aut hert ehevai: b GuBRicag B fidte s Pefley o el gy vRIGHY thed [?P%u b g S
di gi ti zeFOUPFETSoRR Wi qeﬂ@:tlazatcn@tmg ot lewst iopn g6 theamper |V|'*ﬁ3‘/eﬁf%°lléﬁ irfare ed

ver si on afdtidoaet eapeifacihg arficemrge to produce an encoded | atent i mage;
and printing the encoded | atent image on a first portion of the printable

sur face of e arti using a transmtte rintin i unsel ect.ed to
provi de a sm?ﬁxrfgﬁa@@pp%ag?g an arﬂcle accor: g;[ngpto &aljm qS wﬁlerem t e anti-

reflective coating comprises a magnesium fluoride coating,

17. A system for authenticating an article according to claim 15 wherein the anti-

reflective coating comprises at least one of a narrowband coating and a broadband
coating.

18. A system for authenticating an article according to claim 15 wherein the anti-
reflective coating has a total thickness in a range of about 2.0 microns to about 4.0
microns,

19. A method of applying an authentication image to an article, the method comprising:
obtaining a digitized version of the authentication image;

encoding the digitized version of the authentication image to produce an encoded latent
image; and

printing the encoded latent image on a first portion of the printable surface of the article
using a transmittent printing mediumselected to provide a maximum reflectivity
difference between the first portion of the printable surface with the latent image printed
thereon and an adjacent area of the printable surface, the maximum reflectivity difference
being no greater than 5% of the reflectivity of the adjacent area.

20. A method of applying an authentication image to an article according to claim 19
wherein the transmittent printing medium is selected to provide a maximum reflectivity
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di fference between the first portion of the printable surface with the

| atent image printed thereon and an adj acent area of the printable
surface, the maximumreflectivity difference being no greater than 5% of
the reflectivity of the adjacent area. 20. A nethod of applying an

aut hentication image to an article according to claim 19 %csl n the
transmttent printing mediumis selected to provide a maxi éf%ct i vi ty
18 5 March 2007 difference between the first portion of the printable
surface with the latent inage printed thereon and an adjacent area of the
printable surface, the maxinumreflectivity difference being in a range of
about 0.5%to about 1.5%of the reflectivity of the adjacent area. 21. A
nmet hod of applying an authentication imge to an article according to claim
19 wherejn the transmtient printing.medi umconprises a clear pripter's
varni on Sfertni® el B3 e &:Sbhorbbn B b bte sohecer P e T Smatiaied | of o
accor di nghereoncandiamadigcenfiaesa of thetphiatabletsutthes, theahaxdsmaeflicsivity differenesar y i mage
di sposed beihgtif @ ragk Bf #Pue0 3% baBeuta sy, of 1he raebiiAly sifthdidjdehitged he encoded

| atent image includes printing at |least a portion of the encoded | atent

i mge over, at |east .a portion of the primary image. 23. The nethod of claim
22 wher ei4t- ﬁh@eﬁpaﬁ% PP B angythanticaliopdmiagsia an a%*ﬁlq weording Reclaim 1%t

porti on ofherduetheriransmitient mintihg aedinin donriaed 4 déa pustedgvanighural i ty of

hal ft one screens, wherein the transmttent printing nediumis applied at
varying nsities.on the. printabl surface, 24. The nethod of .claim 23
wher el s o, biefiRa o eheb it s R B HirREs 19 Faaeife sER g T e um
resul ts iheseipthectigle inghdess eisible prinedry sagealisposesfon the printeble berfacs andhe

di stance thé aaiontdf@rihdiec enc@RBe et het Boluiderintinhg tat Radttd i@l oftthe

printabl een%ﬂeﬁ%&t'irﬂﬁéee&%?ﬁt leasPa portion of the primary image.

23. The method of claim 22 wherein the transmittent printing medium is applied to the
first portion of the printable surface of the article using a plurality of halftone screens,

wherein the transmittent printing medium is applied at varying densities on the printable
surface.

24. The method of claim 23 wherein the varied densities of the applied transmittent

printing medium results in a gradual increase in a gloss level of the article as the distance
from the latent image printed on the first portion of the printable surface increases.
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