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ments (for exanple, U S. Pat. No. 5,018,767, inventor

Wcker). In all these cases, the presence of mire
wB3bdHdaps;! ndi cates that the document in questigdrig003/004202

counﬁr?’elt. QO her prior art neth- ods, on the

contrary, take advantage of the intentianal a’% eration £ docii-
methsids aralse @phad teths PpEHon eldigitalphetocaryngRb il sGagre of doc
menf 1y 55 FaE A SRR @l ML) B, o prsene

of mésehaiternERidicatdsSthbt the Aldchmegdn epeidads oourtérfeiti Gither prior art meth-
ment (as described, for exanple, in the section .,
ods, "dBalhk gronany;' také adysitagesef ﬁmnteggggé,ggggam(%bamge patern whose

. based t he physi cal £ that i
exw@‘géqi ﬁgﬁi ?,.,hgyeglg?é% éﬁ%’e’r %3@?&‘ ‘a:sfj a %ﬁaﬁs} ﬁfe a%t@%ﬁﬁ%ﬁag ﬁgcm%ment. One
Kkno W meBRASE WRAHA AoiREffect 18 ubd & rhAGVitiEleSn ifhalle bhcidsd on the docu-

I'tTne grating or a uniformrandom screen of dots is : _
menp (asndeacriiond, Foreextonplapin thetsection 'Backgreund] of- WSk Bab No. 5,396,559

e
] ) . : . o : . S
oin i BAFR g B 4 51 S Bt e gt o

a unifthen taatiemisciesmaPdéts issprimécorethe docurhent Aot sithin thie prardefined borders

to distinguish fromits background; byt whe

of thecdgtenl THge onIHe JRFEREN; toi MG L BFliRE (TRl e same random
n I L . Bt I ﬂiﬁn.F l )

dot-ERE th Bt ngd AfcnTphild, & RRREE o Affeén GAHAAN, For a layman
the 1gRALTRige lﬁlﬁllsg;riméd én efef deeiment is diatdatoadistinigmish drom its background; but

pre-desi gned on the docynent becones cl eaal:]%. @'.si bl e (respec-
when p sevealipg WRNSPRIEECYHFQINPIIRG A ifich upggdyigted ling gradgs (resp
ivel§R b'scech! FoftiaB @& moiré effect,
vl 9oy o) e s AR, (R g ot e
the ThieAt\nRige pré-designadpdie tHealosimentsheeomss olearly Misitilersinceoyithin its pre-

the latent image is physicall ré)r)%ﬁent on, the. d CunthHowever
defingdporiersthe maieseTfopt apnepisin # different phesedhan iy the agiground. '

this 'bxiﬁqiohﬂ. HABwR o niL @B %f?m?&gf(l:%v? §i't" ﬁ%ﬁg Bi'?nﬂ-lé‘ f §iafllatd, Ratce the form

ere ' rs no enlargenent e attern | mage

of thegatedligdedi phipsicallppresas bh therdoctmentand aaky fidgdhy adiffepmt texture.
the reveali n%ﬁtransparenc has t he sane size
nip

A sepenlmit i AeoDmSte PR des 1 theduck oAt BPTe (34 AL fIgTpT offet: the
patte%ﬁ ir%ilde)re@ea iHy‘}B@ g‘?&g@&gﬁ?‘o& thé?ﬂé g@gf’ﬁﬁﬂoﬁ’tﬂé &h/eilﬁigi tRnsparency

na periodic m crol en However, this

has thesiméliischnbelremtdmaghe di sadvantage of being linmted
only to the case where the superposed revealing
structure is a mcrolens array and the periodic

structure on the docunent is a constant 2D d_ot;si:recgn ich reli
In Ui§. tPat. iNbe AtA12 7B 1 dBrinkwhiep eksal) agneishbasad msthosds digelogedhich relies

ver.ti,c . Thus. in con tR. :
on o\t a5h g B HigRBafe By Wk B la5, fISASERE bys the disadvantage of
being liMite@@mlPlo lhense Mheic e sepepdsed gevealing stritde is aagiecblens array
on a trans- parent support (e.g. fl||‘|’£ or as a g{{ﬁ}t@g 1 dot-
and tfe psriodiedstiusture @nothe riveument s iheansgnk 2D dpkisciery tical do
does.not ,al .ow, t.o creat SNt 3 j k i
shag® fpbitien foranly S BfegB; Thhp RoRet €lhe EGA 1iRaton, tha
inveRfion/&lchi 88 tRNAR YT pratitos B lihéLk thotbvesliny layer, both imaged on a trans-
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does not allow to create, as in the present invention, a document with a base layer comprising

patterns made of varying shapes, intensities and colors.
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random number generator used for synthesizing the specially designed random dot screens.

However, the disclosures above made by inventors Hersch and Amidror (U.S. Pat. No.
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sity pwﬂre@ rélpi@gmedoto stseeﬂm,sthbqmmaslmmtiont@nénmﬂvgntﬂgmgsly used in all
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“the base band grating incorporating the original pattetn shapes may be printed on a reflective
support and the revealing line screen may simply be a film with thin transparent lines. Due to
the high light efficiency of the revealing line screen, the strong band moiré patterns represent-
ing the transformed original band patterns are clearly revealed. A further advantage of the

present invention resides in the fact that the produced moiré may comprise a large number of



t he base band grating incorporating the original
pattern shapes nay be printed on a reflective support
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efficiency of the revealing |line screen, the strong
patteanibr epamplepatxteenience(seeralwords)ny amaeastap o fehined

original band patterns are clearly revealed. A further
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e presert 1nvention relates to security,
the ré\@alinghyer withah nesestraiik nesding toahelykresthemaistin thgusier space.

SUMMARY

The present invention relates to security documents (such as banknotes, checks, trust papers,
securities, identification cards, passports, travel documents, tickets, etc.) and valuable articles
(such as optical disks, CDs, DVDs, software packages, medical products, efc.) which need

advanced authentication means in order to prevent counterfeiting attermnpts. The invention also -
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securities, identification cards, passports, travel
docunents, tickets, etc.) and valuable articles (such
tical disks, CDs, DVDs, software packages
wﬁé&?@"ﬁﬁ&groducts, etc.) which need advanced PCT/IB2003/004202
aut hentication nmeans in order to prevent
relatesment metheds, iapparatusesrant soniPhiing systemisi fonauthensicaingqpch documents or
20041036507 PCT/ 1 B2003/ 004202 rel ates new net hods,
valusblgattislesses and conputing systens for authenticating
such docunents or valuable articles. The present
invention relies on the noire patterns generated when

T SRR ol L e, W A b e
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thin the base
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' Nid, - ibilities for
symbg g 8oL Ilaby EOUMEY Embfeh, e, THRY chABROR OE: SkiFossvilte
creatin@@edtatity dbbienentd il valuablkdrtigestdking adgmtage dfftle hibgrémaging capa-

...imaging capa- bilities of original inag'qﬁ?and.... £ th
bilitigsrafrariengl ipagingand Bnne Baicms, Fpmpeh yithiths ppssibiifiegot the repro-
ducti&ﬁ‘%ﬁ%e‘i?%&a{igﬁiﬁ% ittt bGiReAY Rk, abl € to potential

co erfeiters. e present 1nvention teaches various

nmet hods for the creation of base band patterns and

describes the noire patterns that are to be expected

The preSen? iSVenBon teffed sbuRhbROds fordthy Qfeatib fabdse Gahd patterns and
grating period and a given angl e between base band

describey dhe avoirér parietisi that arerte begaagestad; for @ givescbase bard prEed. a given
teveal}§f dnp rRnE Aot B et ety EThtsF ahil INAF o $vealing fine

gratifyf, #8fsolsRokk ARk Bedthdthe &aﬁéfbﬂﬁdﬁbﬁ@ﬁhﬁ Ok apsliedith the base band layer and

straight noire” patterns. Due to the additional ) .
possiplyrtarthe evvsaling)layersio ardetdeeeatseithansurpalinras or possibly straight moiré

t ransf or pati.ons t he resent .an.i ncrease r t .
pautetys e B euilohal a3ty Srbpi KL EoBHER Dcargragy fformations,
they t ahliiBreale! BLdtAesP aPAHAGOsEBle \UotHRIfe g dM@inpts @id at the same

ase and revealing layers. The patterns incorporated
time allavhiorpredecsdndividualizesipaira nfibasaapd edvepling l¥esdent i cal

or slightly evolve fromone base band to the next. If

they slightly evolve, the resulting noire patterns

will also evoJve fromong instance to the next A .
The RRYSIREORARIS BRI PRFFEHE tFe DRESHPEL Siifes B, ispfie or stghtly
evolve FrdnlEnSWARE BESA & RE nékt et hightl JBAvd, WePsulting moiré patterns will

also evolve from one instance to the next.

A possible additional variant of the present invention is the synthesis of a dithered image (gray
or color), dithered with a dither matrix incorporating the desired base band patterns (micro-
structure). The dithering process may create within the base bands patterns of gradually vary-

ing sizes and shapes according to the local intensity (or color) of the image to be dithered.



~,

or color), dithered with a dither matrix incorporating
the desired base band patterns (mcro- structure). The
dithering process may create within the base bgRgssinosneaz02
WOZ0PHPBEL0f gradual |y vary- ing sizes and shapes 2003/
according to the local intensity (or color) of th
Altdrimge, the ditkerdirbdess athy médifjhe 0odisig ©f G pattems or of their background

oo e B (S e SR B s

o 15, 00 e by 9kl gty g v
supér?ﬁﬁ ondbp bfhe dithéredibapelithe ntbitepattems bre mvesqquaﬁldgﬂlgy to verify the

ori gi naI imge. Wth the revealing | ayer
authenipctypefsheldosumenp of the dithered image, the noire
~patterns are revealed and allow to verify the
authenticity of the docunment. To furt her enhance the

To f;;etggq%t lecg dgpggg% M%@t&f O{M%F e” ngﬁl_@k)ﬁ%‘%&ﬁbmm a base
banﬁ 3%)%??11 éi/e?{aggfngcs‘ﬁ'a of differsht @Glﬁlrse f6f ¢ cydatedd with non-.

such as Iridescent or netallic
stanﬂﬂ’d&nké{\@udhfhs aideseeit opwatalidinks, which ae detraya@ile in giaslard color cop-
iers or printers. 0 One further variant of the present
iersionpanierson i s the conbination of several sets of base
bands on the sane base | ayer for exanple at different
orientations and possibly periods, yielding, when

reveal ed, e or e ¥ base bands

Onenfgrtgg Wp%qfﬁ@e p%enigal%pfi‘%rhfglﬂ% gf%%%db%?oftsﬁt&%:‘%ge £ base bands on

thcé ERsk Myet ForlcR8mplevt iefBdrentWriematibhs gl possiblynperiods, yielding, when
les on the incorporation of several base band _

revqakddttwrmls anseverdlilise gratingp,diferen moirG P ase band
| ayer. This creates a base band with nultiple
interl aced patterns. The produced noire patterns

R bt A e RS Bl e .1 e
on {113 %ﬁﬁ&%\m’g{‘%? CaReH HaSe BhMOpsIcAls & dIT&RAL Plasts Kmthm the base band

ween two fundanental shapes, then th

JayeRUTHik cfeales @rbasaiindovith multipleintericerbpatierasaye Pradped { moiré patterns

COH%&L \f;/rgs 3 q?l%',\ﬁreﬁe e:? @%@F%&SE glé‘nﬁk?ﬁ {née&ﬂ%&? pzrlrtéeéness If the patterns

repxgéﬁtnF St éy 45 blend® r(bxxxﬂo&ﬁﬂig) MHeBbéenGwo fundamental shapes,
i-p tern se bands. e present invention also

thert aﬂcmuimsmuem yeird odl yiald aanmtémagc Ahat wyokyee befsteen these two funda-

whi ch ma printed, on v us su r
montAlbSpat SHRIRRRE TDSS T iR BEHD P YRR, s with a dither
mat%x in gggﬁwﬂﬁ?at{cﬁr bdse bEﬁHsOUQhOUt the present

i'SC possible printed articles, including
(but not Iimted to) banknotes, passports, identity
cards, credit cards, |abels, optical disks, CDs,
The present invention also concerns new methads for authenticating documenis which may be

printed on various supports, opaque or transparent materials. It should be noted that the term
"documents” refers throughout the present disclosure to all possible printed articles, including
(but not limited to) banknotes, passports, identity cards, credit cards, labels, optical disks, CDs,
DVDs, packages of medical drugs or of any other commercial products, etc. Let us describe
several embodiments of particular interest given here by the way of example, without limiting

the scope of the invention to these particular embodiments.



DVDs, packages of nedi cal drugs or of any other

comerci al products, etc. Let us describe several

enbodi rrents of particular interest given here by the
WQRI4H868%anpl e, without linmiting the scope off{IB2003/004202

invention to these particul ar enbodi nents. 7 WO

In o¥OEAbERRRAY oPhE pB2AP #iveAdeR) dhé Modseparhp shapesn tawbe tvisnalized by .

present invention, the noire pattern shapes can be

supeypasing| a baeel layyg anctgamgcanlg| layer avhichsase bathdpcatedion two dxffercnt areas of

ISHEETNE A Y S —
ing lh?éfex!i r‘daﬁe %Wa'lﬁf‘tlypﬁ’ﬁt%ﬂ@reﬁf 11ﬁé BRBRATRANY secandleitbodithenhof the present

eveal - 1ng l'ayér 1s made of "a partly transparent |ine
mvelgltat, ionly. the base: lapardophgerrivo tianspatentyfappbars pndbe decument itself, and the

rovesl{gates CORPETRENARI kN e IGAProPe S & o SnpBULER Yigh istally, opt-
callyI &%f&g?ﬁgﬁ%ﬁ?&l@gﬁg ﬂ'neoafﬁltl‘letntxgﬂ Blhtﬁe hP{[ﬁﬂerﬁHﬁrthﬂﬂ efiboliid@nt of this

VI sua
mvexﬁicmctlmfvveﬂlﬂgylayai isdaklmt oh ey]m&henidrdbnges.oSuqmmlcrdenses offer a
docunent. In a third errbodl nent of t

highgndight @ﬁﬁg;gnpy] @ncﬁ % tq g veal apQigé paierns Q‘Oﬁgpgsg épatpeirns are imaged
ata ﬂkﬁl C%egﬁér}ﬁ/ﬂaon ?{Q %FJE' tﬁﬁ]ﬁll%% aGbit§ Em%odi’iﬁ&b 8f thelifWntion, the base

wto reveal noire patterns whose

layeia e metbdnaédmfmmfcelly mwmb dexiceant mg\tmledfqyedmrg:gtmg, embod-
on the base band | a [.n forth enbogal @%ﬁ%ﬂi} alat
ied by a\pagtly fsanspengat pRt. Y cé(yeﬁn nyes PTG V& Svice emulat-
abl e device and revealed by a line
mgcgﬁé#cqﬁ&drgr@{gg ied by a partly transparent support,
by cylindric mcrolenses, or by a diffractive device
emulat- ing cylindric m crol enses. The fact that the

The S80RAIE GeAllalcl Mk FitlRinstdr8 v¥E ¥n§ia06 td njemidrostoyic variations in
m croscopl c variations in the base and revealing

the bhgeyaad scvralies layers m@mﬂooymmaw@ateé@é@fémsgo ths Prosgnt invention
extregﬁ:gfc’ g@@ggé/ :cgotulg i % tc{ tfsy @?%Wéﬂ%%%%ﬁ:ﬂ%&%ﬁ real docu-

Sléfalgﬁféﬁo‘ﬂ@d a faI sified one. Since the base |ayer

I ch appears on the docunent in accordance with the
present invention may be printed |ike any hal ftoned
i mge using a standard or slightly enhanced printing
SincPthebaseeRger Which lappars motheditictmentdh acaxdarice withcthe peaentrinvention

t he docunent production. In the present C
may b prigted Atkexﬁamham@c'éfm%&?euam% sandmd 9F éhgﬁg’c?&ﬁ’é‘if% printing proc-
6l Budth. of the
€58, m@%@?@\ pu%m%ésrel na tertgé&(g)b\l}gfré{]“slfjaegt ures), while
other vari- ants may be hidden (for exanple one of the

set of base bands in a base layer combining multi- ple

In thé §£&§erﬁfdldeﬁa%arehﬁﬂsl&ht PAn@UnHthelRieRicthrb Yeichibed copetafvthich may
authorities or by automatic devices (hereinafter:

be disdosedifor thieame of ghe)general public (hereinafter: "overt" features), while other vari-

ants may be hidden (for example one of the set of base bands in a base layer combining multi-

men

ple sets of base bands) and only detected by the competent authorities or by automatic devices

(hereinafter: "covert” features).
BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the present invention, one may refer by way of example to the
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BRI EF DESCRI PTI ON OF THE DRAW NGS For a better

under st andi ng of the present invention, one may refer

V. of exanple to the 8 WD 2004/036507 -

Wgéﬁ"y\ﬁéﬁ’dslomzoz acconpanyi ng drawi ngs, in vﬂi:%lﬁszmommmz

FIGS. 1A and 1B show respectively a grating of
accoldpangiBgdentings, ewhiohel a 2D circul ar dot screen; FIG

2 shows the generation of noire fringes when two |ine

gratings are superposed (prior art); FIG 3 shows the

moire fringes and noire patterns generated by the
FIGS upe apbEB thew respeativebvegrating oftransparenfrlines and AR circular dot screen;

base | ayer incorporating a grating of |ines on the . .
FIG. Reshows mwegmmﬁnagémoixérfgegwwmmtwe ligs gratings arepperpossy (prior art);

the right side; FIG 4 shows separately the base |ayer £ al
FIG. & shisimg thesmolze Grisgesaodanaispatisms| gﬁnﬁtﬁ@dmﬁb%ﬁﬁ'wgpfrs&{f’@r" a reveal-

ing ]Sr{gpgaﬁ% gr@q g% %@seﬁﬁpﬁ?gﬁ%ﬂtgﬂgﬁg Ir?leérgt?'{a% I@if1 lgru%,gmclit’l‘{hﬁlg geft side and base
band\?m %Hgl?\g BQ&érﬁN‘E’F]Smmﬁm f%ht ddéori zontal base |ayer

i cated base band patterns produces

. FIG.A%hb#e Bépkatdpithe€bgkatidyer BFFighF3:G 7 shows a detailed view

of the superposition of a base layer with replicated

' FIG.Basmewb asfhsatelgnhe Rivestingdwyalof Fig.3i ne grating whose

I'ines sanples different instances of the base band . .
FIGPa6A, 6Brang; 6C [Biskratchbow the) avperbesitionoofia gevasipg dine grating with an

" patterns are. a transformmation of.the.original d
obid eni3ior &b et & prarerians L e b SRUEHFBRE i Piterns produces
- bk of a base band | ayer and of a revealing
honﬁﬁ%ﬁ%&glr% t ngs’l ayer, FIG 10 gives an enl arged vi ew of

FIG, 'Néhdwich GR8NRE Fi¥waf thd upereitivasifd e ddyet méthmplécateainbpse bands _
'ayer and the reveali n% l'ine grating |layer; F
A

I 1
and gf ¥ esvealing ling grajingiwhose lines differcat Histmess ?%Pfr?eba“d pat-
superposition of the base band |ayer and of the
Mm% eveal ing |ine grating | ayer allow ng to show that the

 F1G Y R ET BroTB Rk pab Hhllal TR of IErginal base band

pattekds), 12B, 12C illustrate the relationship between a
noire pattern (FIG 12A), a single base band pattern L
FIG (FiHows2B) gemtles vt tirl superpositiom df altasmbad layerrand af ferevealing line
base layer (FIG 12C); FIG 13 shows the relationship
gratipgda@ebn base band pattern and noire pattern according

FIG.tl% gtnbees an enlarged view of the the geometry of the superposition of the base band layer
and the revealing line grating-layer;

FIG. 11 gives a slightly different view of the geometry of the superposition of the base band
layer and of the revealing line grating layer allowing to show that the produced band moiré pat-
tern images are a linear transformation of the base band pattern images;

FIG. 12A, 12B, 12C illustrate the relationship between a moiré pattern (FIG. 12A), a single
base band pattern (FIG. 12B) and several base bands located within the base layer (FIG. 12C);

FIG. 13 shows the relationship between base band pattern and moire pattern according to the
ratio between the base band period and the revealing line grating period;

FIG 14 iilustrates the dithering (halftoning) of an image with a dither matrix incorporating
base band patierns;

FIG. 15 illustrates the application of a geometric transformation to both the base band layer and



rati o between the base band period and the revealing
line grating period; FIG 14 illustrates the dithering
(hal ftoning) of an inage with a dither matrix
WOReMA36104t i ng base band patterns; FIG 15 il [R§31Ba§0a404202
the application of a geonetric transformation to both
i ili o?ré\'ﬁ AeQ36nOFom the superposition of the
the ré%%ﬁ%%g@%%ﬁ%%ﬁ:?ﬁ%@&vea ittﬁgﬁl aye?gé;nd t he pep
two layars;i | i near noire patterns resulting fromthe
superposition of the two layers; FIG 16 gives the
FIG bagivebthedasaband layerof BIG3S5; FI G 17 gives the reveal ing
" layer of FIG 15; FIGS. 18A and 18B show a possible
FIG. lj2gives thegevaaling layenel Fi6h 15et ween an ori gi nal ‘ :
rectilinear base band |ayer (FI G 18A) %gd a sainal rectili
FIGSc uB4i and d8Br showraypassible geopehic FWS‘PHI(EIE!P@ ygpn ap ogginal rectilinear
9A .and how k] t . ‘
base QSRR IRRTFod ¥ Buiend GHRELRE A RYENGIG 198,
|| i i ' B aligf Qayer and a
- FIGS, 1R T o BB Re Bk belwEnRhd Aipefidsjdon R xS ligg
curviBnéid vk | drA@Ry adeasnd anthe | paiye art (FIGHD AHaned dabereuperposition of the

| ayout but incor- porating the patterns " SPECIu%fFll G but incor-
- same rorpling lager apgpcurmingarassband; Inver of theSaue; gePBRtrys 2Yqyd dut inco
sane. | I See s J19A and 19B, but at a
P"m‘mgfrlﬁ%l’%ﬁnsr eﬁ?t"'l %f%ﬁ?gh ati on between base | ayer and
r 4 2Eg! : itigt 13 iR PRS. hDAizodd 19B, but at
FIGS()?“%%\L}? 283 g W‘? crs:\hrﬁ'e‘e’rll"l 5 E@%ﬂxgﬁ gg?&ts tg?ﬁg ?a:ygv eall ed at
a difféichi Riftive opientatien betveembaselayehend revedingraydrine grating

by havi ng a mask specifying the placenent of a fi rsigf )
FIG. 2billusfratebtegoksibility of haying different moiré pattenes tewealpshayjditferent orien-

. background, speci fyi ng the, pl acenent .of. :
o o R I e oo o S o SRR ben At o ot o
base Bﬁﬁﬁ'a%h%f)ﬂe tionUfRr thE ol bﬁ%ﬁg%dasp@h@ﬁ&%g gieglacerient of a second

sets O ase bands which may be revealed at several '

set ofdrase baralsiao asotiedr ordentatiemeal i ng |ine grating; FIG 23

shows four base band patterns, correspondi ngwté)lase base band
FIG. Basbewsitht possibilispiof sgpdrngsing within 2 basshlayer ss¥cral spts of base bands

whicl iy e SoveRlea b iy SHENAIBET PheH Falip¥ bR bRingR 1 10
bands, of , th L ti- = i
FIG. £ QiR il pitErdliils, CHRSRS| e iRE bhdk i alrbisaling loyer:
FIG. 3P b 8420 et HBGLPARY - Reg vet bl el e porions of
each badettand patdrh olithirethe bagrhiandnofsie otiti-phitsrdibag Iagarieen

successive base band pattern inages; . .
FIG. 25 shows the multi-pattern base layer created according to FIG. 24 and its superposition at

different phases with the revealing layer of FIG. 23, producing moire patterns which represent

a smooth blending between successive base band pattern images;
FIG. 26 gives the base and revealing layers for carrying out a comparison between the new
_ invented multi-pattern moire technique and a prior art method using latent images;

FIG. 27 gives a base layer embodied by an image dithered with a dither matrix incorporating
multi-pattern base bands and a revealing layer, which when superposed on the dithered image,
produces moiré patterns which evolve according to the patterns shown on the left side of the
figure;

FIG. 28 shows a revealing layer (top) and a base layer incorporating base band patterns evolv-

10



FI G 26 gives the base and revealing |layers for
carrying out a conparison between the new invented
multi-pattern noire technique and a prior art
W9§1"’r‘f6’3$33?ent i mages; FI G 27 gives a base Iayell)%q‘hﬁg‘ﬂmm202

enbodi ed by an inmage dithered with a dither matrix ]

ing s REBIPROR'dribasBrid o B et witers o Hoasderposed sith the rovealing layer
reveal ing l'ayer, which when superposed on the dithered

shiftéchiryizontally,quioduse smopthdy pealviag mOigHaEEMEY ol. ve accor di ng

to the patterns shown on the left sid f th figure,. .
PGS D by o b bl Fogeingh b e invetion
i ncor por atj ng, ha bhand I WO -
for t%ﬂ?@%‘s‘?flf’ ‘ﬁ%ﬁ(ﬂ’}% %@@B%ﬁ%ﬁs@g}é? H]@)sf T om one
2 nd to t e ' i P& tec-
F10. 3G DEafRG P En G ossit bodlifl f MRFELSACR SR forthe potec
tion ¢ Q&Jb'té/thﬁﬁfﬁéﬁhél&d!mhbex paipasing a sdifiSpa29A and 298,
I'lMTustrate schematically a possible enbodi ment of the
FIG, P fRRktck Sobefiatienly o pussiblecensbrodirertiod thegiresopt inventioifgxthe protec-

such as CDs, CD-ROVs and DVDs ; FIG 30 illustrates
tion efgphermadeutital praguplsssi bl e enbodi nent of the present

FIG iggglﬁgtgi\tggs&%ﬁg&?@@%&s&%@éﬁq@pﬁéﬂt of ﬂ%u Ctsfénérﬁgért@%%r the protec-
. il ; . : ic front:
tion téfr[gggﬁﬁ:ﬁs%gtsarg Wﬁl’d e }#%:kg%e%ﬁfﬁn’@in@ aSHAnE thamBparedt pldsec front

Inven or t otec- tron of

FIG. B3 ﬁ[dgﬂﬁt@é‘ Ec} eHaritdl s?ibleﬁ!n@o’ﬁ?médt loB tHerpRésehit invention for the protec-
St

ematically a possible enbodi nent of the present
tion offpreductthat ave padked i abex withi agivetingdidsduct s that are
mar keted in a package conprising a sliding tran arfenﬁ1 tec-
FIG, p# iliitsirates schetmaticatly® pasible apahadient of Bggie-picgyenyioq 1ot e pro

. ssi bl e enbodi nent , of : | fepd);t he
tion of prpdycts thatare %%@&%‘E%é‘["@?@’%ﬁ%@%i% e i th
RV AL (dic & of Lfor $hd BREAtIALIGY oft documents by

Flaggs'ylugfaé&gan%!)og}cn@ ofOﬂt#e resent 1:i nvention for the
usin%’fn@fr@@attdrﬁ@_n of products that are marketed in bottles

such as whi skey, perfunes, etc.); FIG35 illustrates |,
FIG B6hihowk acflowgrchant off the operptiomst pesfofroed by @regramanedueay PEging on a

of docunents b usi_ng noi.re patterns; FIG 36 shows a
compytipg sysierm opgrablerfer sPBeHIcAUREdUIERBed by program

nodul es running on a conputing system operable for

aut henti cati ng docunments. DETAI LED DESCRI PTI ON OF THE

I NVENTI ON | , . m&% %@, NSNTION
conti nuat i oﬁ- - r?ﬁE(? . Pat. . ,15195, 638, US
patent applica- tion No 09/902, 445, Am dror and
Hersch, and in U S Pat. Application Ser. No

InUX0 M@&'o?é%g,sss, its continuation-in-part U.S. Pat. No. 5,995,638, US patent applica-
tion No 09/902,445, Amidror and Hersch, and in U.S Pat. Application Ser. No 10/183'550,

Amidror disclose methods for the authentication of documents by using the moiré intensity
profile. These methods are based on specially designed two-dimensional structures (dot-
screens, pinhole-scfccns, microlens structures), which generate in their superposition two-
dimensional moiré intensity profiles of any preferred colors and shapes (such as letters, digits,
the country emblem, etc.) whose size, location and orientation gradually vary as the super-
posed layers are rotated or shifted on top of each other. In reflective mode and with a revealing
Jayer (called master screen in the above mentioned inventions) embodied by an opaque layer
with tiny transparent dots or holes (e.g. a film with tiny transparent holes), the amount of

reflected light is too low and therefore the moiré shapes are nearly invisible. In addition, in

11



Am dror disclose nethods for the authentication of
docunents by using the noire intensity profile. These
net hods are based on specially designed

W@ a483658Nhsi onal structures (dot- screens, PCT/IB2003/004202
pi nhol e-screens, mcrolens structures), which generate

these ﬂvélm'ﬂn% e B%{eﬁﬁgésrti% ?ﬁd[‘:‘?:’?'a s8i (FBN R 4Y) B sifildrelots (dot screen) where

I ntensity pr any preferred colors and shapes
each @BUER @ery Ridited Spaceivgihis whidhheeamaniery satbhemberef ¢iny shapes such

whose size, location and-orientation graduall
as charpgtess s opdess sy bF Pased. Tint apacs soFmar by Mip 43 éq ey of the
of each,other. | fi , ' IRy B k@e there is
dot spizsfy i bR diyo peflpd PbeBf, THE pIIREC RO Rebieny. (R R3S e there
for pldeiithe AP kh@@b Qahichsl wih¥én sulpeppssad evithay2iD cirvaluhdatisoseen as revealing
transparent dots or holes (e.g. a filmwth tiny
layer; pedsqraasei) mioirf @s enlargesentofitheseotiny $haptsect ed |ight is
too I ow and therefore the noire shapes are nearly
invisible. In addition, in 11 W 2004/ 036507 -

PCT11B2003/ 004202 , ' ti , t b | Yo .
o LSS0 SRR S R BT b e o
trans\ﬁgrgﬁfemo&ea&ﬁhgtﬁ ar;gl‘f taﬁ:&érffgﬁé’ prlekéﬁ't ﬁrﬁ@nﬁzﬁ@&ﬁ‘d&éé $hdw ggtbgdry of moiré

t
or a very s er-of tiny shapes such as
based hﬁ;ltm’&ﬁﬁ ?’hé@h m'ﬁ bﬁs&lﬁ%zéldg Mmcdsliyfﬁaaﬁpinamxaﬂnﬁ josiginghp@tems and
is limted by the 2D frequency of the of scr.een .
the revealingyayex is mags ¢fct BHENG Of tgpiparep) Angs- gh atg%h%’s shown in FIG

1A, {vﬁ?@%ﬁ%%%rgg&%ﬁ% lérg S115RAR Snldpettrel € anli®he gﬂ)a%'b'}ﬁrt& he have a width

when superposed w th circul ar
T—1U0 heS fifofR€ haSmE SitpRistthg theyenlargdl aitl renshsn®id oniging paferns, are

. enlargenment of these tiny shapes. To make the noire .
very perd it visible becasist inach mpse lighiinable te pre ﬂ&lBHé} t ga%gg of fyansparent lines
refl ectiye. nmode.or in ranspatc.ent. i :
than igeeh 4 24 R Qo s KOS LA Lnf REBpELE PEG T and aperure <
(FIGCRA G{E_rr)ﬂa?fre Hﬁgﬁrg of igredleRtdaartrough i rlapirent phetsf the grating 15

l'ayér is fornmed by bands incorporating original dci
7 [T Bbi erevealimggratingmadesnfardat ncged:rajl.e;h(jrgomug apyd vetically repeated cir-

cu]ar?‘irh;at;:i : t%fm}zfn&ﬁﬂ ;&%ﬂ%&ﬂh&g&%gﬁ%ﬁp%gﬁg %Hﬁ%ic}gt 1%1?1%1‘ T (FIG—
1B), ?l?e?.{?ia%ﬁf% ia%n'gug{;?ft ﬁeé}'?] Sa’Bﬁ?tg ; s @Fduzh the E?Ys%aﬁnv\béﬁ Bf thE-dot screen is

esenting t enl arged and

(n lt@g@gﬁlf m.rﬁﬁglh 9%1?%6}% tghﬁ?%%&ﬁods? b Qine\eRAting @l dwsvis R OHE/ T ) times

€ muc is able to pass through a T
moreligHtitd gase fthronginitp apernre tiandke cdrteapording 2 leirguipryot screen. With an

peries | G of Il S0 Fetrscore Rghtrascet Aprough e B8 el hperture than
: | | ; t5

£l . .
thrm?ggrtﬁg gPnglﬁgiag ?étt Iﬁ?e!,eﬁ ﬁﬁtlﬁ&f&fz&ﬁfecﬂfgjﬂff be1/6! e TBAERdhding ratio is

gis or a revealing grating

7.6 ARG hn ApLieire TET £ETE1/10,8he bartdsponding katioaindl /B Rleasanote that the
repeated cir- cular dots with horizontal and verti cal
smaltez et dpeitore, fhershagerthe genealgd ol IGEEi ameter ti (FIG
1B), -the relative anmount of light able to pass through
the transparent part of the dot screen is (it /4)*(ti

Itis gzilﬁmw?f?mﬁ %;ché‘[{ﬁrg& t}:giie t#l%ﬁm@pbgp%snf)o%sdf t%ollin%egr%fﬁg | gefkrates moiré.
fringes, i.. moiré lines as shown in FIG. 2 (see for example K. Patorski, The Moiré Fringe
Technique, Elsevier 1993, pp. 14-16). In the present invention, we extend the concept of line
grating to band grating. A band of width T1 corresponds to one line instance of a line grating
(of period T1) and may incorporate as original shapes any kind of patterns, which may vary

along the band, such as black white patterns (e.g. typographic characters), variable intensity

12



nore light to pass through its aperture than the

correspondi ng 2D circul ar dot screen. Wth an

aperture ti /T of 1/4, 5.09 tines nore |ight passes

WOlReeM§SOThe | i ne grating aperture than thr oudt ¥ 03404202
circular dot screen. Wth an aperture of ti IT of 1/6, 4
' Lfde i : tilh 3 R Bndeetdresponding band |

patte g R e T e g e
gratif@8 2 iricdfordtiig ineaet bad théreersipalty comeproashé arghairpared fetters EPFL are.

reveal ed moire patterns.- It is.we known from .
showps Mhereevealeh it eSO BB NG SREHE & TG ORRcTay off o loft side the

. gener at es .noi r ' | 2. pn Eeiki , wiiich n
v RT3 T o 0EPpo oy ) e g e
enlars SHERY ik tran FoRMiEY of RORtteflocatel ihahe bisa batds. Fhesedwnd moiré pat-

nvention, we extend the concept of line gratin .
ternstBeiritavgrthe same onlextsation aptl rapelttioneried 2f 8678 fringeg RE-OFIG 4 gives

line instance o ld ne_grating. ' S . i
e ek oy 4 3 P Bl s Y Rl 18 (i raing)
may B??ﬁg{ogﬁ?ie h GhrdiBYar¥ Mppett eRdplabel Gintup, ofshe basadayer. The reader

blrac te patterns (e.g. typographic charact rsg_,, 5o
may verifyahatewhentshifting the revealing Hoo 812085 gexfically, the band moiré patterns als

PCT/ 1 B2003/ 004202 tterns and cplo t 8iré patterns are
undeggosgryersical; %hlfr:f‘ég%f! iy eé?"&?ﬁ% %ﬁéréngé'i‘ﬁé%d ta8fré pa

' | o4 ER HobalbAdrtibn3e atdedinglgmaddifigl.i n each
sub]%ggdd;%%gﬁl\%%ﬁ ca?l%y0 conpressed and mrrored letters

EPFL are shown. \Wen revealed with a revealing |ine

grating 33, one can observe on the left side the wel]|

FIG. "8 stpws! thaff the ge&(lﬁdds)nybrtﬁm mgfe preeibely i sir[gle 804 9ff base bands) has
moire patterns 34 (EPFL), i ch, nl ar

only anelspatiahiseaproneY FomPIent wien By pei! Ty hrforer i sgace between

each%%%fﬁlggﬁjgegcﬁbeyaaégﬁgggg Heﬁ ﬁ%to'sgﬁt?d] gﬁu Bfof ARg tedosgside of the band.

on period as the noire fringes

Thersfore, fl lrgedn@hbes ls»f phﬁ]ﬁnb doretamyple athlsmcmieamy iecplace along each
gives its revealing layer. The revealin ayer. (tin g
bandg This isgan impartant advARiags fyies o RIQF 1K RS PIOHE E{fﬁpcar%%““’“““a“"“
and placed on t. (U2, Pat. N&&, 2459588 its @Bitinuation-in-
metl\ygf F&%%W&t%‘éﬁggﬁh%ﬂgﬁaa@%‘g rév’g; ing I'ine gratin
part (28,1624, ¥5,995 63 8D RISCharenk bppliatiore No0I0H45, Adrgo apd Hersch, and
vertical shift. \Wen rotati ng_%h% revealing line
in UgrBetti Application Bembo( 1838558 A@ideDare  subject to a
shearing and their global ori'entation is accordingly
nodi fied. FIG 3 al so shows that the base band | ayer

. l ] . l : rlb .
In thiphegOoBpaty 2t iy Baner i e A3 S UREd s Rling layer made
t 5 s s, s
transfbmmation o€ teaniginal gattases lopated within thqﬁ@i‘é?‘%ﬂl g ?nn‘]a?‘ ﬁﬁlﬁ Srgnsfonnamn
comglgsneg F%C%Egg%ﬁ%%gﬂ%ﬁlbrygé Rgéggﬁé,gmlﬁ @ﬁﬁlysfﬂ{egﬁﬁ% of @RYoriginal pat-

an rnmporta
tem@dvant age over the prior art noire profile based

aut hentication nethods relying on two-dinensional

structures (U S. Pat. No. 6,249,588, its

conti nuation-in- A . .
FIGS. 6A, 6B and 6C show a further example with a revealing layer having an oblique orienta-

tion. FIG. 6A gives the revealing line grating. It can be photocopied on a transparency and used

as the revealing layer to be put on top of the base band grating shown in FIG. 6B. FIG. 6C
shows the moiré patterns ("1 2 3") generated when the base band grating and revealing line

grating are superposed one on top of the other. A single horizontal base band is shown on top
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part U S. Pat. No. 5,995,638, US patent application No
09/ 902, 445, Am dror and Hersch, and in U S Pat.
Application Ser. No 10/183' 550, Am dror). In the
woeRothmseT Geomret ry of strai ght band grating roPEEABZ00HR04202
show that a revealing |layer made of a straight line
ofFI@'iS%ti ng (set of transparent |ines) generates as band
noife patterns a linear transfornmation of the
original patterns |ocated within the individual bands.
This transformation conprises an enlargenent, ]
By m@a%g!tﬁé Yevealllg 6§l Bt oot ROW Shbirir patheras imogify theihehape. Rotat-
ori ginal pat = terns. FIGS. 6A, 6B and 6C show a b tal
ing tHeuevéwing dayerphadifies theaanglovand) thergfore e transhormgtigp between Ongin
oblique,orienta-_tion. FLG 6A gives.t r LG
shapecish PGS shipec 3FIERE FHERSIOGHRGLT Y BT A SR bf Sricrkton of the
. : i I .to be put on top of the _
moird 3. 85 MOBHSEUER: U AUED, 0 28 PH &6 shows ¢ he
noire patterns ("1 2 3") generated when the base band
grating and revealing line grating are superposed one
We dQRribORrs? the! d28metry @F mofrés bhgined b tzmperpositios of bhang liyer made of
shown on top 13 WO 2004/036507 PCTI I_gPZOQB/ 00420%, of e explain
straighl, Ghs6 Bandy andvofza revealinglayenmada ofgp steajght linggrating, Then we exp
how t he Lre patterns di f | - Rat Qtehe | laver and
how (OrDE FRERITRG PRyEr ORABTT B IS (o aRAmau (i ihe s loy
possiﬁlﬁ%‘ﬂe%?éa@hg@ﬂcﬁn between original shape and noire
shape, yielding a transformati on conprising a change
of orientation of the noire band, and a shearing of
the noire pattern. We describe first the geonetry q

3

f
PleasBRbleaBatall diawitgs Biowing tmspeandqmiteine and tevealing ing giplipg layers are
made of straight.base bands gnd, of, a reyeald
songigalaegeddn ardestesion rngnigeapy iy ceprisgs 6 S I iBlance of the

rnc::irelt faéﬁgﬁsg%%%rvﬂ }egleﬁﬁﬁias 4 Sits, 3RPhase Mand peridis (Te) the revealing

tTohs t0 ayer and possibly to the

fine ggm%a%éﬂws \((BYEwill Bt ansh loetremaking iaverydhgiskies impeviblg to make

ase band patterns and reveal.i :&%{hlﬁl ne .gratiéfw %qa%gfe%s
photogopies of the baseband patteras with sgingand RhgtogppIgE "%ﬁ copy

the drawi ngs and verify the appearance of the npire

patterns. However, in real security docunents, the

base band periods (Tl) the r ing line grating

periods (T2) will be mnuc e cﬁ%lrg,g}maki ng it very

difficult or inpossible to nake photocopies of the

base band patterns with standard photocopiers or .
The tgﬁﬁ lééc%ﬂtt)? H&c%ﬁ{'gﬁt re-f&% 13 PRlkRGKEs, chBeks! ftshpapas)detytities, identification

ocurent” reters to banknotes, checks, trust_ papers, h .’
cardss pasdports, @avel iddanhérts, ciekétgmtc.). It also refers to valuable articles (such as opti-

cal disks, CDs, DVDs, software packages, medical products, etc.) which need to be protected

by a security device. A security device is a means allowing to verify the authenticity of a val-
able item, Generally a security device is incorporated into a document, into the package of a

valuable article or into the valuable article itself.

The term "image" characterizes images used for various purposes, such as illustrations, graph-
ics and ornamental patterns reproduced on various media such as paper, displays, or optical
media such as holograms, kinegrams, etc... Images may have a single channel (e.g. gray or sin-
gle color) or multiple channels (e.g. RGB color images). Each channel comprises a given

number of intensity levels, e.g. 256 levels). Multi-intensity images such as gray-level images
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O

cards, passports, travel docunents, tickets, etc.). It
al so refers to valuable articles (such as opti- cal
di sks, CDs, DVDs, software packages, medical pr ,
WQ2WP3GHT ch need to be protected by a securi ?g?ﬂﬂfotoiomzoz
device. A security device is a neans allow ng to K and inte
are ofte¥ éalled bheneis Ndatinaftey biléved imagas-(e ghintensity )" for black and inten-
Cenerally a security device is incorporated into a
sity “ Holon Ndvte ﬂﬁﬁﬁ’éﬂﬂ@“f{ﬁckage of a valuable article or
into the valuable article itself. The term"i mage"
characterizes i mages used for various purposes, such

Printedipagen el ob it e g SR (oG BiFdhe, yAR} £ lack, goner-
ally e?x??gé%‘si' %{;&ﬁ TR GhfbrUS W nbAls@aRadtcolds Trgralors viich differ from

ave a single channel (e.g. gray or'si?- 1
standtd@oRked)pfor eRimpls|fiuopiseent balorseinks),ailiga-vindys colgrpfinks) as well as any
i mages). Each channel canprises,a giyven nunber of
other sprcéah sploys ush @s metadliqor 13 GF%RFQF%‘}?‘“@m-i ntensity -
i mges such as gray-level inmages 14 WO 2004/036507
PCT/ 102003/ 004202 are often called bytemaps.

Hereinafter, bilevel .i es. i TR RVAR: N A L -
The tgymy apoizgRALiCH} HR2ESPL 310P )‘glrévggéq\tﬂrﬁg? gﬁﬁrgo?%hiéécal [Pg én&ﬁr patterns pro
ducody BQSperfI Ui o BBORSer Aot LRSS s (alicicalled bascl haw layer) and
col ors (cyan, nagenta, é‘ﬁl | ow and_bl ack, _gener- .al

of a 1aRhgatirdastiie revesling layondhe jerms band moig pr baud meitd paLteY,ms indicate
colors, (i e.. colors which,difter fobase 1 made of
that theypesierod mping pa %a?|35%4“§s%§§t“‘%%@<§¥%"§ AR s layer
base bl Qﬁcl‘t’bPA fe%ﬁﬁngE r(ohd#6 F a @sating®fllines any ot her
special colors such as netallic or iridescent colors
(inks). The termnoire pattern inmage or sinply noire

i mage characterizes the noire patterns pro- duced (t% bands
The Bab&la§enasp o6mprisnsesérabdiffarcat sciyoff base ben ¢ Differantisgis @& base ban

e i ocmrsy SR SRNG5S ) Moot or e
geon%ﬁ{c{ tgqnﬁéotntnecrhgﬁc.{eﬂginggﬁflay? ¥ alsBEofCRpvliAeE ®dseBundemay vary. The

are produc y e superposition of a base
termd ‘RYESE HABSBandk” ofrdmee bandgsating acf equivabsndal i ng | ayer
made of a grating of lines. The base |ayer may
conprise several different sets of base bands.
Different sets of base bands are characterize

i 642 ting may be
In thé1preseny irientien,ove usgehertermiline| Mg 40 a geppricy Way- 2 line-grating

ori entatiops eri r ot L 2Fally opaque sup-
emb%@&%@%ﬁﬁ?@%%ﬁ%%?@ﬁ gﬁégg ofa%c r ilfﬁjear ) gaspeq ‘ p
port RANGIGEN, WP ¥y cyhirictigicrolerissebr bf diffraetitseduyices pting as cylindric
base band grating" are equivalepnt. In.the ggesen%‘lﬁn of lines”.
microlansentSopretings, we &se instepdphibeitsa ¢ing SRS ith e R

way. a.line grati [10:08 s rd2 aRhleaf.

In m?Péﬁ%‘@H}Vé’m'mgit eé‘ggl?‘?%. g. gﬁg&ﬁ%ﬂ) onasgr? opaque or
partially opaque sup- port (e.g. FIGIA 10), by
cylindric mcrolenses or by diffractive devices acting

In th@slitgﬁéwr@,dﬁﬂecgratings are generally set of parallel lines, where the transparent (or
white) part (FIG. 2) is half the full width, i.e. with a ratio of © /T =1/2. In the present inven-

tion, regarding the line gratings used as revealing layers, the relative width of the transparent
part (aperture) will be generally lower than 1/2, for example 1/3, 1/5, 1/8, or 1/10. In the case
that the line grating is embodied by an optical device such as cylindric microlenses or diffrac-

tive devices acting as cylindric microlense, an even smaller relative sampling width may cho-

sen.



m cr ol enses. Sorreti mes, we use instead of the term
“l'ine grating"” the term"grating of lines". In the
resent invention, these two terns should be
WPHRWHEIEd as equivalent. In the literature, |FGEIB2003/004202

gratings are generally set of parallel |ines, where
In tht peestitdnsqnionNive (@@sumehiat bisebands 4rid 11316 gl)anngs may fbetreatilinear, ie.

full width, i.e, with a ratio of ti In.the !
formgil B¥ eqapethvbrrstratghéhandSégé siEpight lings quH’a/ﬂgfeéf» ifglomed fpspectively

by C 41@ l&h& gmg%% Fﬁ%a %ﬁe? && ﬁt\/ tlIYIES ﬁ% gener afl Ig\i/l\‘/ieer of continous

lines! hafevéadnﬁg e gr ik bklnsadeidfame%gtedqmeabﬂ@ stﬂll ibetable to produce
case that the line grating is enbodied by an optical

banddmoitégmttensh as cylindric microlenses or diffrac- tive
devices acting as cylindric mcrol ense, an even
snmaller relative sanpling width nmay cho- sen. 15 WO
‘ 20041036507 PCT/1B2003/ 004202 In the resenﬁ1 fink
The term &printing” ismot Hstedo o waditional OripHRE Broghs> PIch@s the.deappgion of i

o B4 HEGLRHEA e i BT 5SRO RSB Ky o o

ing td» cx%atsfaQJaEB& &r@6 pafisfey @ latent Biagelurveshborung sfon axaople esgraving, pho-
lines. 'In addition, gratings of |lines need not_be

made
tolithograply:t lighs uexpositie sof phqt@wmtmgmedlﬁe ething r‘;&fﬁ?ﬁ%ﬁmﬁe embossing,

oo LT e R A B L, oo

limted to a traditional printing process, such as the
deposition of ink on a substrate Hereinafter, it has
a broader si @ﬂé?&&ﬁé& ﬁf‘ﬁ&iﬂ)gﬁlﬁfg:ﬁeﬁé@f ocess
allow ing to cFPeate patt rn or transfer a | atent
I mage on a substrate, for exanple engraving, pho-
tollthography i ght exposition of photo-sensitive
The eérf:iﬁl PIG: 7 Sigywsdhdeiall ghat Gidxupéipdgtion bfwbmﬂﬂami;taycr 71 with
recor , foil transfer, ink jet, dye subl i mat,i
base bmsl penoﬁgrlg@mﬂwalmg yerdingtRrating 32 Yk nspemody prpigees band
in FlLG

mmreS lbse‘é:ﬁv Eﬁ?‘ gF 2 tr%g;gogm%g ?}%ﬁz}ngg é’? %?bitteﬁ?ﬁﬁﬁéﬁes% located in the

base Bﬁ{dh qdheIe tiR WhrRforRMEEh ERfpriseY 84 ehlarpem@nt Simg tﬁe?ramealimg line grat-
line period T2 produces band npbire patterns 73 wh

ing hay @lasger paried 32 wean tha baserhwad @ﬂﬂ@dw@l-pléﬁ%@lﬁ%d'ﬁer%%@ﬁ@gﬁs of base

located in the i-Qn
band gbar?ﬁters ahaucgessvetly ‘ﬁgeﬁg’ﬁ%%%l ﬁ@e e‘bfragbea I'n 13'

grat- ing has a larger period T2 than the base band

period Tl, it sanples different instances of base

%hﬁﬁglnﬁﬁ HEME GESS IrvRFofnfatiba 6f @Rtorig@lahbhsecband patterns 81
FIG gg@ﬂgﬁ ons wthfeﬁ[;at he base bands 714 FI G shows_t hat

that apdlecated nethpmsemrmlmdanantm&mmhmqt@nn of therhase bands 82, 83,.. of

e B A TR PSSR R B usb e kP . singe
base Bﬁﬁﬁeﬁﬁﬁﬂ‘é 88%ncoiporates Yon repetitive patterns, In the general case, the patterns

incorporated in successive base bands should be similar in order to produce moiré patterns

which are a transformation (including an enlargement) of the base band patterns.

By purely geometric considerations, one can derive the transformations between the individual

bands By, B;, B,,.. incorporating the original patterns (original base band space) and the X-y
space where the moiré appears (moiré space). For this purpose, consider the geometry

described in FIG. 9.
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the base band | ayer. Patterns laid out within
i ndi vi dual bands need not be repetitive. Single base

band exanpl e 81 incorporates non repetitive p
WO 20049d632ner al case, the patterns incorpora_t@?lﬁég(ﬁmmmmz

successi ve base bands should be simlar in order to
produce noire patterns which are a transforimtion

(including an enl argenent) of the base band patfer .
Fach Bycipidual bangoRrafithé bansberstivg Bot Bo b, - SrEvenby Hit b eriod TL
transformati ons between 'the indiyvjdual ands | :
With@2 loss df gensrplityave pesumedonihe gale0f t %?’E%?’f?@"{‘ g‘?’%‘ §%ﬁﬁ‘dg are horl
base band space) and - ace where the noire
ZO“”&ﬁﬁeﬁﬁgtPHW%W@Séﬁé@gykygaﬁe¥ﬁF%£purpose,-consider t he

geonetry described in FIG 9. 16 WO 2004/ 036507
PCT/ | B2003/ 004202 Each i ndi vi dual band Bi of the band

L L AT

geherality, we assune for the

B,.. §8infly ¢AQRAREARAEANSt 13!bahd bendBAT th grisons case (FIG 9), the

oundaries are parall el :ﬁ%thelti tor is
i i rﬁaﬁi&m 1 [RSRAL ogientErn hnd the whamsponding trpgslation vecto
transféggﬁhsépet at successive horizontal bands BO, Bl, B2..
(0.TIare sinply translated replications of the base band
BO. In the present case (FIG9), the translation is
per pendi cul ar to the band orientation and the

correspondi ng transl ati on vectgr .is ir width
The revpeling Fyct byerds of ARimgs OGRgls iRy, (%ﬁ*’;s{i]‘%‘B}’%gﬁe?”R‘é% ;}{':: ‘;’995
cal led | S g\ﬂe el "Wl DimektesiaBRading, Freritiee Hall, 1995,
becoxg-ﬂ%mﬁ,%&gfgg& élllN?e% r'aégv\rg/e({al%?nﬁ'%&u nmensi onal %“rir%gi ng,
. pp LR €Y, 1198 1), SingloMes Loph;, 120- aredefinesbyitheiy lingpgiatign
lines LO, L1, L2 .. are defined by their |ine equation
y= (tan B)x + k* (T2/ cos 6, (eg. 1) where k is an
i nteger giving the index of the line Lk. These lin@% )
have a st gpedpt +li(TR/ castédre B is the angle betweett
these l'ines and the base line grating. Wthout |oss of
generality, we assune that the origin of the x-y

coordi nate systemis at the intersection bhet
whetedwie an irdegen gi)e/vﬁx;g the inslgk @f tho lg'lﬁg.,k} iﬁféeﬁlﬁﬁgli“’s"g anggo‘i%gff 251 d, where &
9). FIG 10 shows that ccessive | . L lity,
i thofanelscboc @ hent Inh &3,k Porg kPG Pt g bF gonerai, we
assu%%rtﬁ%lltﬁé ggéﬁrﬂfgﬂ)e X% coiBinkRSSsteayie at thd intsrastioh dmtkecen the lower

I nce vertical "bands are repli- cates of
bourldandoffand Byand tinehpulse Ly F8CGPDat i ng sanpl es di fferent
(replicated) instances of the sane base band
patterns. Let us consider the parallel ogram PO defi ned

by the intersection of lines LO and L1 (FIG 10 "
FIG. 1)(/) shows that successive lines Lo, Ly, Ly, .. of the rcveahné Ene gragin& sample within the

parallelogram Py’ of the base layer different bands By, By, By... Since vertical bands are repli-
cates of band BO, the revealing line grating samples different (replicated) instances of the same

base band pattemns.

Let us consider the parallelogram Py defined by the intersection of lines Ly and Lj (FIG. 10)

with the base grating band By.

Line segment lg, of line L; intersecting band By samples the same space as its translated ver-
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with the base grating band BO Line segnent |01 of
line L1 intersecting band B 1 sanples the sane space
as its translated ver- 17 WO 2004/ 036507 .
WOEI408859D3/ 004202 sion lol' in band BO Line F&JHEAR3/004202
102 of line L2 intersecting band B2 sanples the sane
sion §]6and Bl Lirelsegmnentdppof Mer ) imrerdedfing bandiBy sarpples the same space
etc.. Therefore, successive line segnents |oj of |ines

as itd transhitedeegion kg ibbhmat By, edanpl e t he sane space as

their translated versions |lob . This establishes a

I i near mappi ng between parall el ogram PO and

paral | el ogram PO | ocated within band Bo. Simlarly, as
Therstes\Ru¢cesdiveédineldegnentsi 155&:4 rlimahpintﬂgswﬁhg bandyBy spanpie the same space

paral | el ogram P-1 and parall el - ogram P-1' P
as thBiartﬂinIslatedg\rem'mrBoloﬁrﬂxipastalblisbbzbgﬂlammaPpl%bﬁ‘Meﬁﬂ #gradiglogram Fo

P1 and parallelogramP1l', (9 etc.. The parallel ograns
and praklictogramp Pgdeeste®owishia baa@Bed t o paral | el ogr ans naki ng
up band BO'. In a simlar manner, the parallel ograns

Q conposing band Bl are nmapped to parallelo- grans Q

maki ng up band B "and so on for all the ba g? Th'tps d parallel-
Simibslyakd shetve dn m&ilm@knmmn@g@ﬁ@m@e&ﬁe@fﬁmﬂ QEPP L e P

B R

o 32 i p A i B gl B o o
point (A T1) - -
By 5% Sl misbher, gl (A0 & WBrpLin bXAB) are b to perallelo-

gramyl(ﬁiixéaltaﬁgugpﬁnc(ﬁ -and 3o &if for d8He bads. whereA = Tl /tan 9

coordi nate of the intersection of L1 and
t he upper boundary of band Bo, i.e. x1 is given by
the set of equations y= (tan B)x + (T2/cos ) (eq. 4)

This ¥sthBlishBs YBn2R 04 RE5MErd YaT4ftiRe GR3pRARY RO theatyplage camprising the
X glves
base lin?: grating to the Xp,-¥, plane comprising the moiré. Parameters a,b,c,d of the transfor-

q-118

are obtained by enforcing the mapping of the fixed point (411) ->(4T1) and of the point (x;0)

mation

> (x;, T1) (see FIG. 10).

These parameters are

a=1,b=0,c=Tl/x;and d = (xp4) / % (eq. 3)

where A = Tl/tan 8.

x; is the x-coordinate of the intersection of L and the upper boundary of band By, i.e. x; is

given by the set of equations

y={tan &)x + (T2/ cos &) (eq- 4)

y=T1
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x1=( Tl/tan B) -(721sin 9), when i9<> 0 (eqg. 5) Recall
that bands Bt, B2, .. are translated replicates of
band BO. Therefore noi re bands Bl :
WQ 200443697, epl i cat es of moire band Bo' Accordrl%t(’;i‘v{éaammzoz
FIG9, parallelogramPO is napped to par al | el ogram
Solvidg'for ngives r e band BO' and at the same tine to
paral | el ogram Po" in noire band BTherefore noi re 5
- band BO' i sx;t=Hdi/tgh &) e2hsn ¢ WRENIALT spect to moi (&)
band B 1', where according to FIG10, _ T2 T1 _ T1
(eq.6) h sing x. T1 T2 cos o - i Thanks to the
| i near mappi ng property, tiny visually significant
Recaflahbiebangs B¢ Bb edael tranishtadeplicates of kaad & %h@rpfnral}awré bands B;’,

band t f which th I I
B,'. x%ramgrrém;;mfegb? @' %atl‘-““f b:p[qévgg: h\'g.régorgﬁégé ﬁ;ﬁi f IC1_)J§)1ralllel(€|)gram Pyis
atterns, sheare Si mrror '
map;%detort:@tt')albhtgr?m Pw;h’é'nmt)ﬁé {’F@egal ﬁ‘%gfp ﬂg"y qtim, lo pArgfelogram Po” in
i nes_being line
o 5 ol B R o v

I ocat Ot he i ndivi dual bands. However,
Whe‘ﬁraﬁ‘&? E‘E?nI ¢ations, the grating of |ines |s a rect
function with an apert¥fize Y TI _ ([Ahi dror00], p.(eg1).
Such a grating of iMgmaised “agithe revealing Iayer
geneérate nmoire pat- terns whic arcé’sé Y ansformed | ow
pass versr on of the origihal patterns | ocated within

| - base bands. 7R _
oy st R AR o Y B AR B it e
l1cat&¥ tr‘gm%n IBQrIIﬂ &I t‘o of Which tM@fd*GalﬁIg lagdilﬁaﬂwed yiekd isftfaadmoue pat-
S

ating hotizontally e | ocatr on of
ternsltfdir pripinalpateins, tﬂﬁereﬂo@'d!fg@fh aad PQ&ﬁlbl)’ migrered. Thj g
yields a different |inear mappi ng whose paraneters can
be cal cu- lated foll ow ng a simlar approach as the

one descri bed above. en rotat t.he reve
Thearetjasily. WactHi neypaaﬂgr svesasn'ala o ies bt BBk, g band moiee
lmaq%gs?n B\lg&ﬁﬁ@{r R JFfRNSH ks 8oatd@ewitlei € indigidual bands.

Jus e origi'n of the coordinate
HowdYeéd ﬁf@ra&dibal @p;ﬂrchﬁcmss trmtgmm,g df Hinesrisi arx;cttfatwtmm‘grth anapsyture 711

i dentical, 19 WD 2004/ 036507 P 2003/ .
([ArsigesP@l Pcable SR STANE Qi gff’g oy é moir€ pat
terng \gﬁxgh%}éeﬁ hﬁkgorjn@.’l Eﬁ.}/ Eyelrdibn on@fda?ﬁﬁt@}ﬂsqmmé’diﬂtthm the indi-

sum ng no ation between successive
vidublbds@ emaidsl bands, |.e. s1=0), the noire patterns are
sinply a verti caI |y scal ed version of the patterns
enbedded in the repli -

One may also slightly translate the content of one band B; in respect to its previous band B, ;
by a value s;. This has the effect of translating horizontally by s; the location of lg;', by 2* 8
the location of l;', etc.. This yields a different linear mapping whose parameters can be calcu-

lated following a similar approach as the one described above.

When rotating the revealing layer, we modify angle #and the linear transformation changes
accordingly. When translating the revealing layer, we just modify the o_rigin of the coordinate

system. Up to a translation, the moiré patterns remain identical.
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cated base bands, where the vertical scaling factor is
72/ (72 mod TI). One can easily verify by, sinple
al gebraic and trigononetric mani pul ati ons that for
WQ204/036f617 T1 <T2<2*Tl, the param eters in eq. PETABR003/004202
c=0 and d= T2/ (T2- TI) FIG 13 illustrates a vertical
In thi&z;ﬂciaﬂ‘ Pas@ AR the Ben@ glalin gl(ﬁgsesﬁ 98 and tieaeesuding rlaymi' have the same
se bands wth a period Tl and I ncorporating
orientatint j €20, (gnd sxtuming ncetranstatiop’ betwmnts“@efﬁﬂ&'@mmﬂ‘al bands,i.e. 8;=0),

exanples, the the period T2 of the revealing |la IS )
the meisdipafteras arersimplycaiesticaliysepled veriangd agpat Hgpaiyprufded i the ropl

ratio T2/ T1 i |nfe t o b
cated;base ﬁ?"ﬁ?’o‘?’lée& g;l g{?hég élct% E‘g?m hiod A2, @ﬁerksdn%ﬁly verify by

an terns.

snmpl&%l cbite arl fbﬁ&:h@tﬂE%ﬁénTﬂulhtﬁolﬁ R forTP8, dnidel” ISﬂQIQZﬁ@'I the param-
Ta or d=1/(I-T1/T2) is equal to 1/ (1-1/0.95)=-109.

etersifheq ﬂmrﬁ!ez@amdéFﬂ?/(ﬂQZ)’ are the mrrored i mage of the
base band patterns (d<O. When T1=T2 (133), the
reveal ing layer reveals exactly the same part of each
base band and the: scali n% fact 23 | infinite.

FIG. {hillustrelena Vertical scling 84 RsHants A arePiaR f base bands

.. are. a 4 t h
with § pitiod FEFERefipobitRg BRitaRF ko el BIn the plciéndcRimples, the
the &%@thdf t@@rev@ﬁllﬁl%myéﬁlsnﬁbdlﬂédlsﬂ(rééEe)seanmytbeeccbmglered When the

band patterns sca a factor 20. Wth

ratio TZI/l‘lllxs iinfewen torl, the moirg pétterwap the pyreesed gnd i%%scf Eqsr, pand patterns.
pE 1370 i L v

i 1RGSRl B30T B 93t sfMipRicor £A90T092) i cual o

(1- Ilﬁ 95)%3@ dHeahbRE I@a&érﬁs {532) ake thichmiresrod émage of Heckasatbend patterns

his case, we create mrrored base band
(d<0)p R{hegr'lﬂg:TZMlﬁ)@ H@d'evqgggg ]qygh@vggﬁ p@cﬁg% samepart of each base band

t.to At
and g sralif [ s BEEFE Whe BRI TS isBhetictto TR BAKS balterns ar
the s&ﬁaﬂ%a@@beﬁﬂspaitem&mm@t inBdahe baimdrzmarl srln@ﬁ The; the scaling factor d
|ncoggorates the basis layer wth the band gr t!e"gﬂf:w 20.

is equsl to 262 The mupic natems £33 |ar5 e bagedand pattems
line grating LO, LI, L2. Parallelogram PO, replicat ed
over base bands B17. ,B6 yields the noire

win 35 EATRER 1 ERLFEBLRA5E, U L ARt sempe

by m6ie reve%h liftd é‘f thé B%\‘e&ﬁﬁ% lﬁﬁer%ﬂ@ﬁéxﬁé&ﬂfs?ﬁ}dﬁhg @Veeﬂed)ﬂmﬂfe pattems

ands B el ds the noire paral ogram Pl th d
are thewforehase abramats ]B | this case, Beanayl @e@gnm;p sed basepband pattems rrore

R Ot%@ng gl?eplgglg 41520883‘/&%%%%1% gad m g gljh gét%%,r l?{)‘f\r/lg& easily hidden (see

sectlcﬁlu‘ Hﬁfg!@orﬁa&a%ion bafil ARE@S. Since the forward
trans ormatl fromband patterns to noire patterns is

known, the inverse of the matrix of eq. 2 specifies
the reverse transformation fromnoire patterns to band
patterns. Generation of band patterns

FIG. 9 incorporates the basis layer with the band grating By, By, B, ..and the revealing layer -
with the revealing line grating Lg, L;, L,. Parallelogram Pg, replicated over base bands
Bj,...,Bg yields the moiré parallelogram Pg’. Replicating parallelogram Py over base bands B_
{»-B_g yields moité parallelogram Py’ Similarly replicating parallelogram P over base

bands By,...,Bg yields the moiré parallelogram P, and over base bands B ;,...B.¢ yields moiré
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For the reverse transformation, we obtain j = Lpgj

[xmM (eq7) r svy,,The paraneters are p=1, g= 0, r =

T1/ (.1 xa and s = x/(xi d). O The reverse 1202
W26 at i on may be useful for conceiving t HET/B2003/00

patterns to be generated in the base bands which, p
parald}sstapViEy |, Bubceskive phiatielogre ofrtpise bynet By cover specesiivsemoiré paral-

the" desired noire pat- terns at a given angl e between
leloge@se | ayer and revealing layer. In order to define the

base and the revealing layers, one needs to define the

noire patterns that are to be visualized within the

noi re bands, know ng t hat base band parall el pgrans E\I verse of
Sincathe forveau erdnsformmsiondraza handupatigrnsdp Sipirg patiems lﬂg'ﬁ@Wﬂ» e my

The | f.the band moj .
the nafgg;: %&J}% §1%§1ft!5:‘§§ge E%ﬁg%?fgﬁﬂéﬁﬁﬁ%ﬁ@:eé {J%}E‘Hs to band patterns.
For[ﬁ?k%%}sg%%nhmnp%%b%pd period Ti, the revealing

ne grating pegdod [T2qa he preferred angle 0. CGood
results are obtlajnedpwit H*peri - ods T1 and T2 whied) 7)
vary only by a Tlrpr §n age (e.g. 5% to 109 .
I,

Angl e 0 shoul d nerally bel ow 30 degrees.

Bi -1 evel base band patterns may be easily generated by
The pdrame@tscars p&t e 8, r sUUA das) Audbe X318~ trator or

Adobe Phot oshop. Base band patterns may al so : L
The tdVeRE RERBfoEmstaNmay bandefub Sui dunyeiviagithe gattarns tgpke generated in the

incorporating the desjred repetitive afr non-reneti.t : t-
base pandsciish, WhRh QSTIBIG itk His teyenins Lo a1 pAcdich R ddshed froiré pa
clea [ [ ' {%'Bﬂrg@gfah gr. band a dith-
temse%@é‘%%a“‘gé?%ﬁ?%@r%%&- ite Q?Egagl or. The resulting
- noire patterns will also be a variable intensity
i mage, either black-white or color. FIGS. 12A, 12B and

o e . amic ot o e
are thdher it e (s el debi GO AL b5, bagfl HFulelograms P are

reveal ing |ine WO 2004/ 0365 R 4202
map@qdépim@f%wd&@&%%i%% B A B0 '%“L?éﬂ%%ﬁgi foifc patiems and

. paral | el.ograms, Piy. (ipn FE : REEshn iod T1, th
their g QuES RO e P Rel g BhiEich e the sl L6 hEBRRShnl poriod T, the
revcﬁlﬁ{gvllﬁ{e‘%riﬁr@\?&i@ﬂl‘lwdJﬂnh@px‘emirrediangle@. Gaod peuits are obtaingd with peri-

mappi ng of the base band parall el ogran‘sg]( FI ﬁ?%?ﬁn&oﬂ should be
ods Thendd2rwhiohvery ey by esmall Bersentagc €& R 1% gle

pace (F 1 Fl. G 12C shows a part of the base

smaﬁ,gg?raﬁ*%ggwé@tggfegge“ti on of the base band shown in

FIG 12B. In order to build a base band capabl e of
yielding a desired band noire pattern inage (FIG

Bi-level base band patterns may be easily generated by standard software, such as Adobe Illus-

trator or Adobe Photoshop. Base band patterns may also incorporate scanned and possibly

edited bitmaps incorporating the desired repetitive or non-repetitive pattems.

Variable intensity base band patterns may be created by inserting within each base band a dith-
ered image, either black-white or color. The resulting moiré patterns will also be a variable

intensity image, either black-white or color.

FIGS. 124, 12B and 12C illustrate the layout of the base band patterns once a desired non-triv-

jal moiré pattern image has been defined and the preferred orientation of the revealing line
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12A), the base band i mage (bytemap or bitmap) is
traversed pixel by pixel and scanline by scanline. At
each pi xel, the current base band parall el ogram Pi
WQa0/03437) and noire band paral - |el ogram Pi' R@E/E32003/004202

121) may be identified. According to the forward

gratingans fbeéneidsem A dcbRISOI TG, 9PABIE Psralélsiamis'P;t iR FIG. 12A, 121) are
corresponding noire parallelogramPi' is |ocated and

mapptd to baserbahd patalelogdatrsi B} €ih Fig»48B p1232) Bhhe forwapiotaisfamation given
bet ween nei ghbouring pixels. That intensity is )

in equs2 sppeifiesttbe mapping of thenbaspdwed panaticlogsests (FHGelZR)ttg the moiré band

hj s _al gorjthm gener at es i,ngl and (FLG
parallglegriti o the o imags piree GEL SpAYFIGL A shipsa bl the base layer
madd ©F §céicifioh BPRBAE BARINORAL PIGNEE, 120 One my

optimze that algorithmby associating to a unit

hori zontal pixel displacenment in the base band a

di spl acenent vector in the noire band i mage conput ed

In offef 9 Build althsé Bnd dapabeCalyieldin}da HbSrelasaAd BAGIEE pattern image (FIG
hori zontally corresponds in the noire band i mage (FI G

. 12A),2h% bage banddiblage feytesapor ditompHisnigaversed tpixad dyppixelcand scanline by

i spl.acenment. yvector. After reaching one, of e .y
scanfyd A0 Bt e CuRbirbas Sind gl R b oA 00 e papig ppnd paral-
. o aht DoSi 1 : . ]
elodgh 18 12§y o PRABRSMCeRlnd & 8% Eltgrmation. he come
sponﬂﬂ{éa{lﬂng ROIRBorfestindinsemo ik Parel@ParR P, Nis B8Med @nd Gis. intensity is
_ FI 2A shows only one instance of the produced noire
obtainell} gissibly BY inerpaiatiorybativeem héightictping pixeds. @labintensity is assigned to
bands, one obtains vertically several instances of the
the qisvent bpset bandrpixelomfensify. fihds algopithny gernsplas qne #ingle pase band (FIG

12 95 0 5o U R0 ke b A5 o8 g G 120),
hori zontal ly al ong the base bands. However, one may
al so choose to have different noire patterns on the

One il'r%ktop%ﬁﬁzé ihghﬁlé&iitﬁﬁl 1 adsHRatiR) o R AHZOn@pike] diplatdment in the

hi s woul d nmean "that the correspondi ng different
base banda displdceraent wectar indl thoiré band image coinpuied meeprdingttt éeg- 2). Scan-

i e R bl R OBt IR S5 o

scan ‘ﬁ@é&?&iﬁ? @it cofpaicH WPl eRBAL RCRY Aﬂl@er%&achh% SRIYT thd ¥tical bound-
beautiTul security docunments, one may hal ftone a

ariesgif dhamoinédged (mageysiven by dis heighb i) theaieat positiopis tacurrent position
004/ 0365Q7 ,PCT/ 1[,02003/ 004202 t he, d ith
modglo ¥ Berehl ot UK by p i e [0 e RRERRT i s et ©

band of the base |ayers. For this purpose, one nay
use the nmethod described in US Patent application 091

FIG. 194 shés oh! gzns?zﬂxge of (e Srﬁ%gc%&’ ﬁﬁg’rég%%?lﬂé.?ﬁ&gl?%gﬁ?émgaﬂy repli-

m crostructur I'nvent o
cated/¥4st \bands, Bne Ebtaink .veifithBy iseweeal tinstancte af theansionpatemn shown in FIG

nt hesi ze mcrostructure pat- terns fromwhjch a .
12A.0 cbgtgpi?l: lgtﬁgaé rqgicgtyﬁg Ty g{l% gﬁ)_ire@ag@‘ﬁ, gxemag%gld pattern shown in FIG.
i . . . . 150 ch
125 S TR Ro T s VLSRR OGS, o ey s chos
to havadiffetertnasiropateiisngh thbdeft and right side of the moire pattern shown in FIG.
12A. This would mean that the corresponding different base band patterns would need to be

inserted on the left and on the right side of the pattern shown in FIG. 12B.

In order to offer a strong security against counterfeiting attempts and provide at the same time

beautiful security documents, one may halftone a global image (grayscale or color) laid out
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m crostructure patterns. The dither matrix is then
used to dither the global inmage and produce the base
| ayer. In the resulting dithered i mage, such ] _
WOMINIEMas the offect of modifying the th 0\ Rl eigonn
i ndi vidual microstructure patterns according to the
over @ dbaEAETGifiga batiatlar ini¢restaictire pattérn Hitted tithimypashetand of the base

. Ho , dith [ [ at. .
S T T WY L e ——

s. O.eg Veryo Ragasd §iventors R.D. Hersch,

902,237 e et Bl R o teq iy RRIBI I Biventors
E. FoffeA PN WESwWER T Byl TH® invdtionl tealies hdwad systhesizewnivrestructure pat-
urld a dither matrix froman arbitrary grayscal e

terns fromt whizhor gigbalyimege is synthgeizedrKEiyem p bitnap represgniahpn of the desired

. equilibration tq ensure a ni f orm gi Skt ' . ting th
microgiaiuie PHICESNONE TEDEH EonesalEs o ot (uiof dhaflR Boorporating the
micros{iRGrel faRtBR] The dBRr R lsNAerPtsed tBWltierah® blobaldnmge and produce

l'ow-pass filter on the bitmap patterns. The result is . .
the beaé Idyen@n thequailiing/ditttesey intagersuch adlitheopasiadas thegifect of modifying

Patent applicafion 09/902, 227, but nmay, work.fo ' :
the (hiskaepigs (G AORal THCRSRUGRIE HRARS, AP I, e Sprtghinding local
intendis vithih BEOHIORN Bhha the desired base band patterns

con- sists Tn creating a dither matri x which nodifies

the intensities of respectively the pattern (fore-

ground) or of the pattern background according to the

HowdveR @RhkOfatrice b fdkatingomizeostrapunel pateetins mdp be spathesized by other

such a dither matrix, let us consid

he b s

meanpDlegr Yesyeikazangdelohn Buchanag; in ewat-w% f"@e’&i\%-ﬁ?s g‘?‘ﬁ@i}g%rf Matrices
t d..di i X, | : . p

ComglyTRARGEEAEH A, TEN i PGP AR eury ol it om an

| arbih?ir%riz%gal%ﬂﬁremlgfdy@tﬂﬂ tmagSPTRePappdy histo@egn egyilibration to ensure 2

anifor dsktioniof oS PGyl EIEm R HARe BAXIPaR P e from bt

sk 1$0.as to i AT | ' 1 The result is of lower
map (53 B ST Bl Ao wCh it i e bukap baim e ,
quality%éiﬁﬁc @Mhdchﬁog@ﬁeﬂ e US\Rakene spplication89/062:2 2k dht wey serk for sim-
ofit within the second part of the partition (e.qg.
ple patters) of the full range of dither values. Such a
nodi fied dither matri x incorporating base band
patterns is shown in FIG 14, 144. A correspondi ng

di t hered base band..part of .the (gl [ i -
A forfhgr Reed4ar creuge B0 gh el MBS PORE e FBIE bae pMterms con
sists AMeAking aRAbShBRAGEHK foaHick Sheintensiticsbf respieetivalyl thetpattern (fore-
tones, "the pattern is close to black and the pattern duced
grourk ok of therpattemn kkereundadshiding to the imggeplocal /inigpsigy e be reproduced.

PCT/ 1B200Q3/ 004202, . The titihon of : Plet us mod-
oo A TECRA o0 ST} bl B s sl
ify the Waluds ©F aQkandhidedifRt bidtdk, (boéamiple adithentiatix producing small clus-

correspondi ng pattern background. As an ill ﬁ rati ig 225). O
tered afotst (zee.rldR IKangFD‘Elmh Color Halftonigg aSGEDESS, i1 gelgp- £44-225). One
may éheorsJé I%Ss%gltesan rﬁgssgnll)tr DR the initial dither values within the base band pattern mask
$0 as to fit within the first part of a partition (e.g. half) of the full range of dither values and the
dither values outside the mask so as to fit within the second part of the partition (e.g. half) of
the full range of dither values. Such a modified dither matrix incorporating base band patterns
is shown in FIG. 14, 144. A corresponding dithered base band part of the global image is
shown in FIG. 14, 146. At dark tones, the pattern is black and the pattern background is dark.

At intermediate tones, the pattern is close to black and the pattern background is close to white.
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i ncorporating the mcrostructure patterns. 144 shows

an enl argement of the nodified dither matrix fitted

within a single base band and incorporating the ,
WO N E erns (microstruc- ture). 145 shows tﬂ:éjr%iﬁnmmzoz

resulting dithered base band | ayer. The base layer is

The paftRicdi 38 esll BingboF dithera@inesmihyi bespropartiobalridghe relative surfaces of
i ncorporate the mi crostructure atterns. The dithering

the pattencersgruad) al ofiitrconespangd eicbagRBOBR% S Wi t hi n
each individual base band. In the present case, base
bands differ .one fromanother by the intensity of the

As axn?itggt?é{]p%a%;bg qus{;gf gngt g,n]tthe%o}%fgtaﬁgq%aa btﬁ%é:qi: qﬁgu n%sths the bitmap
1ncoré%ﬁt|?r§<g2 &f’ > n?gﬁ}lg@é ?g@erﬁsacl%r b8 ah enidPediRéRIYF the modified dither

see ove) and dification of

matrik FRe@aHilteh B%n‘fgl’é Bae®and and GRogwirating the basechandopattgms (microstruc-

intensity val ues. One nmay al so generate cql or
 ture). |1|45tshewbahﬁ teswiting lithpred .bnseaba@ﬂdw Thﬁalgaéeﬁwqr p.@%sdf tbprsed global

i S B R 38R E g pross s

the m%&#ﬁﬁmtdrb lpgderd WithABeach9R@ividaabbage band. I@tthd: preﬁemszlase, base bands
and EPFL) "and in the publication by N.

differidae S aBotberdyt the inteasityof the RASeTHOR DY t IPFP"éﬂ}’ gLjhelr background.

e R, SEERE LB e BTl PG g P

apphéhﬁaﬁ 092,22 OQecléb%ve)Qﬂd/ﬂnbdlﬁEﬁlonhﬁfrtﬁe paiteras foneground, respectively
addition to perlodlc band noire patterns, one may also

backgromuimtﬂnnﬁwvaima ng curvilinear band noire patterns.
It is known fromthe Fourier analysis of geonetrically
transformed periodic structures [Am dror98] that the

One 1oR%:#lst BRI Pk PIFRRS iy taias S G itkge by the color dif-
feremi,er ﬁ@ﬂ)ﬁ Hf&‘éfds@&‘g%m%?@an%’tén@ 9931 VER40.6 (iﬁventors R.DHersch

inal perio ayers or SPeCI@%@@? curviline by N.
N. Rdlaﬁ oﬁm Julg zsaupy Iasslgﬂees 3rel tissldand %pubhcatwn y
[Am dror 98 eq- trjc transfornpti
RudubeRibeHER b PRARichR ARETT OGRS GI £408) 4"%“&8*91% picrostructure,
Conf Opfica} g‘g&ﬂ&ty%?@ Qfeglt;‘élt TRBEdenee Tedtin egrrvt 2002, SPIBVpL. 4677, pp.
ice. rl(Cx,y) p(a(x,y)). If we keep the sane
101-109efficients cn 24 WO 2004/ 036507 PCT/ 1 B2003/ 004202
as in the Fourier serie deconposition of p(x'), then
ri(x,y) _ cmttlexp[i2nmgl(x,y)1l (eq. 8) nm=-~ W also
consi der the geonetric transfor({mtl on g2(x,y) between
a reveal i ng curvil i fagvilineagband moires

In addition to periodic band moiré patterns, one may also create interesting curvilinear band
moiré patterns. It is known from the Fourier analysis of geometrically transformed petiodic
structures [Amidror98] that the moiré in the superposition of two geometrically transformed

periodic layers is a geometric transformation of the moiré formed between the original periodic

layers.

For specifying curvilinear band moiré patterns, le us consider according to [Amidror98] a geo-

metric transformation g;(x,y) between a curvilinear line grating ry(x,y} and its corresponding

original periodic line grating pj(x'), i.e. ri{x.y)}=p(g(x.y)). If we keep the same coefficients c,,
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| Appeasing maiss wii)y) ats givea by gartial sms wi

grating rl(x,y) and its correspondi ng ori gi nal
periodic revealing line grating p2(x') r2(x, Y) _ E
cn(2)exp [12nng2(x, y)] (eqg. 9) mr Coefficie ;
WQﬁé"' R e respectively the coefficients of thniéérrfﬂ”fbosmmzoz
Fourier series devel opment of the .original periodic
as in S Rowgiet sériodzcgmpbsition pf g(x*)) thand of the reveal i ng
periodic straight line grating P2(x'). Then, the

erposition between t cumyi_| i li ratin :
f|u?x, 5)Slanld théle( g@sfm : cﬁmvi%‘?ﬁ@g‘?ﬁglﬁ%’{}@&?i ngI | gy(g?‘ )
r2(xy) is given by (egm30p rt(x,y)'r2(x,y) _

1 2 i 2 t(x,y)+ng2( X, ~ N==_ s 3
e cn( )Cifh(ag) usé g%:é@”gra;;foé%w{% égh}\’%bitﬁgg’i iaglpvgq!.wg curvilinear line

within eq 8, i.e. by conbinatiops of |nteger .. )
eratingut,(h p) a0 LicoBRRanAINg Qrigie) Deratiareverling g Esping A20nL
formz*(ki,k2) terms (with z integer). nk,kz(x, Y) _
czk,ttlczk, (2)exp[i2nz(ktgt(x, y) + k2g2(x, Y))1 (eq.
11 Each conbination of (k1, kége specifies a different cq.9)
noire. The nos I sy hle Iar jth low (€9
val ues for (kl?ﬁ%?)for xgi’rpl éﬁ{%ﬁ'??%ﬁg 11 defi nes
the geonetry of curvilmregr line noire (k1,k2). In
order to to generate curvilinear noire bands,
Coefficients pgaat icp aremedpeetively Wi cueffigients of HgFourigesariep Havsdopment of the

_ the curvilinear line grating by its correspgndin . .
original peribilinstreigbh live BEAE Pabeor i the 3ot RPBpO AR fige erating

the original repetitive periodic line grating by its

P2Ax'¢dorrespondi ng periodi c base band | ayer and by
generating into the bands the patterns that are to be
reveal ed as noire patterns. Transformation gl(x,y)
allows to,

.generate (e.g..by tesanplin t : i
Therg teahperRonio B cein Cha s ki 4705 p}af he possibly curvilinear
2 25, V0. 036507 PCT/ |1 B2003/ 004202 all ows
mvea?'&%@%f%{f’g) {Si%geglgnvi linear revealing line grating. If
one woul d i ke*to Have (Z}S ai ght Ii;emgarati Qg)gib (eq. 10}
% (#9) 2y, tidng ?Qﬁémimm X, ¥RV g . ed.
rl(F’Ie)éezliJ%( glg%/es Z exﬁ‘plxe of a curvilinear base band
“layer incorp&rati i The word "EPEE" revealed by a

curvilinear |ine grating. The cuctw | i near pase &ﬁ%gonsofinteger

_ peRfiiienty 678

' th 7 '

otk PR T B b RGBSR PR ecms (vt incee)
transformati on x'"=gj oyt = ’ of the tvpe

a9 =3 Ve, PenpliBtale 1) +hyta G €19

= =00
Each combination of (k;,k,) specifies a different moiré. The most visible moirés are those with

low values for (k;,kp), for example (1,-1).

Eq. 11 defines the geometry of curvilinear line moiré (k7.k3). In order to to generate curvilinear

moiré bands incorporating patterns of varying shape, we replace the curvilinear line grating by
its corresponding curvilinear base band layer. This is done by replacing the original repetitive
periodic line grating by its corresponding periodic base band layer and by generating into the

bands the patterns that are to be revealed as moiré patterns. Transformation g;(x,y) allows to

generate (e.g. by resampling) the curvilinear base band layer. Similarly, transformation gi(xy)
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X' = e cosy (eg. 12) Y =ex sin Y (eq. 13) U To
generate the curvilinear base band | ayer rj(x,y), the
curvi l i near base band | ayer space is tra- versed Dpi
W OM036507 and scanline by scanline. At each pi ;gr’/lg#(ﬁg}onuoz

corresponding position (x,y) =g j(Xx,y) in the i

allow8th Gefthte TRS 6Ervilinehptovealinpdlide grating.dfisne wopjsblike it have a straight
obt ai ned by interpolation of neighbourin i xels) is

line ga@mggase-qvaai/ing tayer trapsfprmation g% Y1 dBgy lr?aéfeP d | ayer
pixel rj(x,y). FIG 16 gives the correspondi ng base
band | ayer and FIG 17 the revealing line grating

whi ch can be photocopied on a transparent suppo%t. “RPFL”
FIG. V¥ egives| cncsnaguplén of mearevilingny base bangt layer HGOPRratng e ward

vilinear bgse band er [ i

roveafedf b4 HEVIAEAt LG EXAiEy THY P AR, they Surolafer o relaRthe “;

iHE Yt afbihi bm cofiBsponting Rédtilineamgratings (x’,y’ space
f“@*é%éﬁ“%ﬁ@%épif’iié‘?di ngh%?‘/ﬁt B g ao vel | s &
by a trefsformatioron’ =, (x4 Yley Fog, ey )t spetypdhe steps to be

carried out for creating a base layer and a revealing

| ayer vyi el di 0g*qps gt tract ive curvilinear band(ggpi2)e

are the follow ng:”1. Exam ne exanples of curvilinear

l'ine moireg,between two curvilinear line gratipgsisy

one curvi Pin&at P ne grating and a straight |1ne

grating, such as those described in G Gster, The Sci -

ence of noire Patterns, Ednmund Scientific, 1969 or

To ge?x?ﬁ?eethg @&Ml%@fb&s@ bBM@_éf{G@Qy), e c35RinedbBdse band Bytespace is tra-

om the exanples a curvilinéar |line grating or a . '

verse Pikel By pixeL irtd @anm%axgs@_ ﬁdﬂ&mdt Ak eachnii_midhe emirﬁapon@ng position (3y)

curviltnear or a strai line gratin s the . .
= g (r.g)inathe aygginal epace Bfoundrpabits HlenFy KeRsaibRLgltained by intggpolation of
c.allowng tao create the curvilingear
neighBopap o Relp s s asico TGP pusfar et gpnd fep iRl riCx). FIG 16
. layer and devise .a tir f i 1R @4t hich can be
gives S GpriRending bk S AR aRB TAC PRUR3EHARRg [P RRdting which ¢
photd28pidd 8h af trai@pardft 30Pp@ROWHES pROihgRRT vBARRBIGOg@eMngion top of the

Create patterns within the straight _baggsrgr%iil n? vvltrt1i to
curvilingay basy bainddaser atonrding te FEG 155ad gptating veghipg e grpling on top

to the capabjlities of t e Aringd ¢hoiré band
of the e ek, pant 1 S DpRir vl Bty lf 4 d Bty STRG hoiré ben
as wellRAEefSintiidN oF BleSnoif®@dRpe.a col or image or a dither

matri x. 5. Use the transformation between curvilinear

base bands and the base bands of a straight base band

grating to map said pattern into the curvilinear base ]
The shepsds be tLaritt ouctas ereafinga basetieyer and # rovealing layer yielding an attractive

curvilinear band moiré are the following:

1. Examine examples of curvilinear line moirés between two curvilinear line gratings or one
curvilinear line grating and a steaight line grating, such as those described in G. Oster, The Sci-
ence of moiré Patterns, Edmund Scientific, 1969 or those described in [Amidror0Q, pp 353-
360].

2. Select from the examples a curvilinear line grating or a portion of it as 2 base band layer and
either a curvilinear or a straight line grating as the revealing layer. Determine the mathematical
function allowing to create the curvilinear base layer.

3. Consider the single curvilinear bands of the base Jayer and devise a transformation between

these curvilinear bands and the base bands of a straight band grating.
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use the transformation in order to obain for positions
within the curvilinear base band grating space the

reshold |l evels associated to correspo*;@* 003/004202
w&é&ﬁg%%@wthlnthe dither matri x. Wth t /i

reveallng li.ne grati tl%@(curwllnear or strai 1)1 & 1
4. Cm&fﬂlpﬂstemh withinethe sioaightrhand G@nglvﬁﬂl veRying @@%8@: Sftifgs and/or colors

aCCOof %g mgtc%ﬁ% arg a5 Egnga&ﬁg%éeﬁgﬁs?ér%gme The patterns may

wever Sso

be a bi-RYel infgBd %cﬁ@tlﬁﬁg@ a[ftﬁ\ﬁ& iRapsloPadities ARt®ad i re

patterns-yi e C visually pleasrng and ot her

5. Uéer tRE &faﬂgfaﬁﬁdtiaﬁ DefPoen\CuliBndar hed! Ualids didl thebase tbandsef 4 raight base
By nodifiy- ing the paranmeters governing the base

band gryting totshap gsid pattere into hevarvilingpr bpse beededn Fh?gcaﬁ%l%i* dither matrix,

wse i pantpigon b pLder bt 55 B bl Hrineif Bl gracing
spac@ﬁfé ditRef ﬁégﬁ@ldtlé\%lsf R3Hidtbd e cHleEfonBR pREMiohdWithin the dither matrix.

goal I's to create a noire pattern image having a good
6. V\Nﬂﬁtﬂé\'m&émag?&mélggﬂlﬂﬁgg(%umﬁﬁdaebt §tréi i), | ¥eris thepsisapee ifythe resulting

with a base ayer i ncorporat| ng different band
moirt limage ﬁﬂleeamaémams’emeeﬁm enlargedrped trangfiermsefagtarpe of the base ban

patteggngfgx{ég% qua\éllel tlgpngfqrﬂlg ons \g%enwpg? ggrﬂf %%I’ngsaafn?txﬁ&;r@&{ttems yield
wsuzﬁﬁj%léés RfaCandRenee tl\&ﬁ*sféhnﬂﬁfds Refy idla viswally Uapleasantrasudts. By modifiy-

ing, or if the curvilinear base band | ayer is . { d
ing tgepanmem ngemls&rmrtas@wem gherpasamesers spwmingthp reyepling layer an

reation,of .conc circl for-

the iR n SR ORRRD o6 Rty P TR, e om oty the transfor

mau&?%ﬁd thé&ede ﬁ‘i@@emgsﬁbﬁé @htterh amagey Tak igogl. is fé GreateBmoiré pattern
shows an exanpl e of ‘a transfornation betwe

imagedavingiagoad visualdmpastawd bigh agsthelis gialities, P‘Wﬁ’]y Wit a a%ase Ifyand layer
and corfes d|n circul bands (here rlngs)
’“m'iﬂ’gﬁt’l‘}gtdzéﬁe%ﬁ Q'W "\‘/’g(’%iﬁggﬁgngul ar el ements (FIG
18A 181) defi ned by their boundaries vi',vi+t'
,ul+l" are nmapped to circular base band parts (FIG

The &%Efor}r?ﬁam E%Qx‘? Wg A ?/&'}‘1?9 BlRDf ¥ sﬁ&i‘gﬁﬂband grating is either

urt her exanpl es of
givel uy YmdclUBﬁ‘ g?(xm deseribed higsvesvintt difimes theycusvilingay bandh giating, or if the
base band | ayer and a revealing | ayer nade_ of a
cuwdmm Bawbamd Ihyemés wratwbby seaparaty @ustée,ctwavf@r grample theereation of

concgli'fﬂé PHS d q%g%m%f "@%&‘8‘9“6’}3{3&% ns(f]ox}n%%% ﬁ]r R@HE lbetweenlcurwhnear base

bancﬁ lahd ﬁ{e%ﬁ%l f‘baﬁiﬁ“%i:atﬁf g. FI® 18AGhbwg bk @aampﬁlef a:mnsﬁm“ntaasm between a
band | ayer and the curved reveal- ing line grati

n
set obeclilifi¢ag lba@d;aad@d@bmmdﬁdvm Yih va'.g rEgsponding cnrgllarq)ase bands
transformation x' =gx(x

27 WD 3 7
(hereptings) slebuited bx Aoz V1,g¥e Byeyt)angql?,tnqlgapm§ ﬁﬁ%gj%& ggﬁ defined by their
boundggésl \lill',glif‘[ Js,gf},l ar%fm&prﬁ%d tu¥ Q?CU(la?r%ag’eA' ?)andoparty(if‘IC{Yl 8B, 182) defined

by their boundaries vj,Vi;1, %41

FIGS. 19 and 20 give further examples of curvilinear moiré patterns obtained by a curvilinear
base band layer and a revealing layer made of a curvilinear line grating. Both figures have the
same base band and revealing layers, however the superposition of base band and revealing
layer is different in each of the two figures. The curved base band layer and the curved reveal-

ing line grating in both figures are obtained with a geometric transformation x"=g,(xy), y'=
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x = (eq. 15) y'= (eg. 16) One can observe that the

curvilinear band noire patterns (FI G 19B, 194)

roduced by the superposition of a curvilinegr

W‘g%ﬂ?d’”i’ﬁé%r (PIG 19B, 191) incorporating the ‘%EE‘%QE&MOHOZ

pat- tern and a curvilinear revealing |line grating
gy(x,-ﬁ)ﬁkﬁ]kﬁﬁjlitﬂﬁl)o betilinteaesmacef theyypet as the prior art

noire fringes (curved line ' FI G 19A, 193%)

generated by the superpo%i__;i +o)t2 a curvi I (7 O base

line grating (FI G 19A, 192) and "a curvilinear

revealing line grating (FIG 19A, 193). A simlar

observation can be made fQr VF—?-ZOB, wher e 15shows

the base band patterns, 203 RB& reveal i ng(fkgye)r;, and

204 the reveal ed band noire patterns. FI G 20A, 202

shows the corre- spondin .gu'yiy_'e_g base |ine(egyg &) ng and

FI G 20A, 205 the reveal ed prl'or "art line noire. The

very | arge nunber of possible geonetric

One tamnbieovanthiat thescurvilingarkandimoigé atiems (F6a 1982120 mafyped by the

| ayers and curvilinear reveald hN Lat ] ; FL” pat-
supc@gglg%pﬁéglu 'qeﬁﬂ})%eal?gflﬁ?geg aséb%hglgrlf(?eévde o {R P _ pa
tern A S vilinir¢&vea Bty Nndigrating (AG {98, 193) Kas the sanadihpoutes the prior art
produce the desired noire patterns if the

y are. -
moiré frjrep (e ddinc a6 TG §94 pkA5) generajed b theisePeBeRtien gfpourvilinear
relatjve it relative.or] - tyd . A
bus Kt REToH. 9900 ) ELTBhd e BRI M 10, 199
similf §tiotvatlbs SAThE 7iaa8 FOOFIGTE0BS whekeclD1ahodts pleobuse band patterns, 203
tickets or travel docunents by often nodif |ngéh§1ﬁ th
the rpeabimplagers anh2the devealed hand mgirattems. KIS, 404, #12 sheys the corre-
ase |ayer and of.its i i. - -
spondigs sur el oot MR EFUITRR A STRGR (Y UL Acht e
appealing curvilinear band noire patterns offering
various kinds of protective features. Furthernore,
The iﬁ'ﬁ gér L nGRBESoO bR id BehsforfifibRs RRigenédaEnd a@@ilinear base
a ayeran e revealing layer are curvilinear,,
bandltayerd difl dueeilihdat fyealbig kne grafingsmilowa tesypthekiael inglividualized base and
According to [ Am dror98

L 8. p., 1107],. the, condifion,to. .
reveadingdayers whish orly @s 2 sprcilic it Arecebl o proRE e dpsBe gisg patterns it
bt ai n ' 3 - .1 eGhaRition, relati .

oy 3 et oL BARARL bRl e eaon, v o
entatioRy.galataigion [ it Ripehdibleito ecinfordei the sécarityhaftwitely disseminateghdocuments

such ita_rs gi?psi;gér%r&nyj)u%ﬁgé)ég{t%@-;%(ggc%(g%nwﬁgfie%? _igg_%cnﬁgameters which

t] . of | Hi8SoRtbsfoR8ink iréveanhg laydr.
defing T RSRETIERPUT of i BE Tyl hd HHiEoeioRByg r EYcamAg o
20041036507 PCT/1B2003/ 004202 conponents of
respectively the original periodic base and revealing

Geoth@Yi8 t@n¥fofthalions allb® tbekdate PidhatlyrippealingSumdlindandand moiré patterns

strongest noire effect is generally generated with loited
offering variue kinds efhprotgctiye features. Furthermore, spectal cases can be exploited,
where both the base band layer and the revealing layer are curvilinear, but the resulting moiré

patterns are periodic. According to [Amidror98, p. 1107], the condition to obtain a periodic

moiré with a curvilinear base layer obtained by applying transformation g;(x,y) to a periodic
base layer and transformation g,(x,y) to a revealing straight line grating is that the coordinate
transform k; g ;(x,y)+ k3g2(x.y) should be affine, i.e.

kg i(x.y)+ kogo(xy) = ax + by + ¢ (eq. 17)

As mentioned above, integer multiples of coefficients k; and &; specify the index of the Fourier
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conmponent (kl=1) of the original |ayer and of the

first negative conponent (k2=-1) of the revealing

|ayer. for this (1,-1) noire, eq. 17 is reduc 3/004202
W&l’}‘?&"dﬁ?ng(x,Y) = ax + by + ¢ (eq. 18) The gg%hn%@rz?oc

| ayout of the noire patterns in the superposition .of. th .
compmoenss oErespentivelyi the griginahperiodie baseandIPKRIBE 1RGPS the pett-

.accordi.n 0 the |ndicial { i ' ;
odi P KR b strSfgtsl Bcie HrcPirdfefy bhotREy Witfimglples of the first
comPRnentAt fL1)ASTkhe WigRial 18@r land [ofThel fiest GRativepcodtiRne@6(E,=-1) of the
he 1 ndl ci'al nethod gives the equations of the
reveéading Bivet, fahs (1t Hembiod, dqr K7 sfredured bmwi re  bands in
whi ch the curvilinear noire patterns reside.
Mul t,Cdy)ogait,yE=lmasebpard patterns The present (€q. 18)
invention is not limted only to the nonochromatic
TheCdfetrc lafaty of Bieiabité patrehs in thé soperpdsitionsaf teb given curvilinear grat-

I fferent colors for producing the patterns,| ogat ' .

ings ban dlambe computed asgeriing (B, e m@ﬁ"@? @e?;h@cg H%ﬁcﬁb%‘f H’o?g FJ 8g°r5k" The

.bapd in.the sa in.s i s 353-
ol Fpg G haiane, HiPges D Bl €20 Bhd piitkiiicd B PjciBrord0l, pp 353
360! THE Indiahlf fuened givsane eqlatidng e tientenalinsssor(the batdegs of the moiré

cyan, magenta, yellow and bl ack) are superposed in
bands wevhithothgenerilinesr moidipatiergf ssidenage by hal fton- ing.

By way of exanple, if one of these, halftoned | ayers

is used as a base | ayer according to the present

i nvention, the band ire patterns h 111 be

generated with ai\%}lﬁ !'%mﬂaﬁvh?‘?eeba'\dﬁzgfﬁ%g li ne

grating will closely approximate the color of this

base |l ayer. |If several of the dif- ferent col ored

Thelt ﬁ-és%r FC’ g@éﬁqoﬁsﬁﬁlc& %n{cgeonzgﬁt? t}%?rﬂt ARl @SE qt Hiafdadgely benefit

entron, e emw Il generate
fromtithduge bfediffatent Goloshfop Pedducinlg the pytterhs hepatedtiarttie baidseof the base
pattern approxi- mating the col or of the base band
laygsattern i n question. Another possible way of using
colored bands in the present invention is by using a
base | ayer whose individual bands are conposed of

e

s ' iy aRidRERIapéts ofaiEREdnd bglotsqusually: cyan,
mq%g@%ﬁ%@ggﬁ?gﬁaﬁ eri ngoﬁthhod desgrisbed in US.

mageatee pellotpald datk)are Ofepotedindordade\senaraigs foleotor image by halfton-

" PCT/1B2003/ 004202 £l ed Jan. 2000 (Ostr ,

ing 1B Wangt exagpleniiiane OE, thess hil%ﬁlﬁdﬁ?%@as*‘r 5 Pséﬁ? aa"?“??}sé‘? %}3‘%"""“3 to the
| LESh th ' IR 151010 Ritedievithic i, black-and-white

P"e%?'%@kbﬁg‘;\n%a dc\é?ﬁ%gﬁce, ki‘%ggf op. B‘“21"??5-432.1

revealing line grating will closely approximate the color of this base layer. If several of the dif-

ferent colored layers are used for the base band pattern according to the present invention, each
of them will generate with a revealing achromatic line grating & band moiré pattern approxi-

mating the color of the base band pattern in question.

Another possible way of using colored bands in the present invention is by using a base layer

whose individual bands are composed of patterns comprising sub-elements of different colors,

Color images with subelements of different colors printed side by side may be generated

accoridng to the multicolor dithering method described in U.S. Patent Application 09/477,544
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An i nportant advantage of this nethod as an
anticounterfeiting neans is gained fromthe extrene
difficulty in printing perfectly juxtaposed
WQIBHMB3EHWENt s of patterns, due to the high prd&G1iE3pp3/004202
it requires-between the different colors in nulti-pass
filed dan.cl; 2000 (@ strogoukidw Hetsehbarst in tie papen Yifilti-erdorcad artistic dithering
security printin ui [ IS d.for prisding
by V3 Betmmedkay st i Huh SKoobAih spbuslneerpheet 105 pBoe2s 42
e e i 3 | hs is gained from the
A bR ABaGE0Y 1 RABEH 5 90 Lpb e R i gacd fom
extref® difficultRafli fiintiag iperfeaty juxsapobddciubaglements ob pditdrhs; dukdn the high

counter- feiting the docunent on | ower-perfornance b
precisigni ipraguiresbetveen theedigiernt colory insmpli-prss golos prigipg. Only the best

. ferent colored sub-ele ts 0 .
nigh-gfenEtrs oSty PGSk FARPRRnCHEN S (fTof B fing sepyry documents
such TR HAhkddieh RYcabh¥sle *%'gijvlﬂ% itheCreqaited hRRIsioN inl the alignment (hereinafter:-

significantly corrupt the formand the color of the
“regintpation”pait the differey tolorse Regigtration anorewhichgrd unaxoigiebleiwhgn counter-
... layer. The docunment brotection by m.crostructur e
feing e Gpquancit O (SRS EDBEAES CARRIHERYA (s g Hjif etween the dif
b ol istrBEeetds will be largel
e A ol bl e gt 1 e sl
magmifitbby tierpind amiiiéo and)thes Wil Sighifideptly oorrapt t@mm%gm gplor of the
. generating digital half-. tone . es by nmulti-color
moird{pRiReH SHgAIneh G eGP GoUnE BiS BHBBENSY, R D Her sch.
filed Jan. 4, 2000), it is possible, with nmulticol or
dithering, to use special inks such as non-standard
olL.or : . . I . inted with
mhe 59l 5 S S piR BEEBIS ) g v
blackt ®his oibthhdand tbler ks deyanf niagenthamliolvaanerpossiblyt bleck)adecording to
of netallic inks for, exa a certa

pendipgep m’gteahgmgi,caﬁ%p%w,g | l&ﬁfp@\sgggéfpgg%pugggr gqmeﬁwi digital half-
tone ﬁﬁ%ﬁleg gp%@lﬁpc%?& (Hﬁ]%ﬁég,qn%ﬂtﬁﬁs@ro ouldfYS RAD AHBsch, filed Jan. 4,

Vi éw ng ang ('specul ar observation angle), ,
2000¥] Ueistpesaplecwith multédiacditening, tohsy spaeiwt duksrmchh aserestandard color

ks, e 53t BoFSSceaEoF HSeHeRbiTKS (YaRapIy COTOrBED APk ERFALDE the pat-
terns %Hﬁﬁ‘? &}%rqaﬁaé e bﬁbetlgﬁg.alﬂgﬁﬁliﬁg of nfétallfx@@km%xﬁﬁpfe,e%& seen at
conpl ete en S

i

y di sappear e ori gl nal docunent

a cer@fiaviewthgangle! gien enis apheir acifheydwouldhatetemen printed with nor-
advantage of the nmultjchronatic case i s optained \M‘i

mal gk ok ATRAPEE YiSTE AGle (8250195 0D YaiioR 2p ). it {epseyIf refloction,
they gﬁgﬁ ﬁlﬁgﬁ g%\fﬂ tsﬂ&n%%sﬁ sinﬁl'zﬁrvadﬁﬂggh;?tg %@ %EP&{M f Memoiré patterns

ose 'ors are he gamut of
can bet@nietdvidy iidesaegeniks. Suvh yaeiations inrtke apfRaeance of kthe moif patierns

frequency of the colored patterns |ocated in the .
compleiplylisgppeas avhen dhe rigieal dapmeisicarnss i Frivhdieed fugpofocopied.

i nks, standard cyan, magenta, yellow and bl ack
reproduction systens will need to hal ftone the

riginal color thereby destroying the oriai dt
Aofflyfilaec ch B pitEpEoRuier oAt B e P it SBldafeInRS are vsed to
creat¥iieHaRednl1f tRARALs of tht BRseNapes. N Qtnddedd tks amesftenrigks whose colors
layer will not be able to yield the original 30
are located out the gamut of standard cyan magenta and yellow inks. Due to the high frequency
of the colored patterns located in the bands of the base layer and printed with non-standard
inks, standard cyan, magenta, yellow and black reproduction systems will need to halftone the

original color thereby destroying the original color patterns. Due to the destruction of the pat-

terns within the bands of the base layer, the revealing layer will not be able to yield the original
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WD 2004/ 036507 1' CT/JB2003/ 004202 band moire
patterns. This provides an additional protection
agai nst counterfeiting. One possible way for printi
W@ 2004103698 ges usi ng standard or non-standard chQWIBFWg@”“"Z
(st andard or non-standard col or separation) has been
84 fddafifilal HrdkdcBion Qirst éommtditeifing.ed
bandgﬁ %%%é ?'thp?g‘#Eukhov Hersg%)‘ and ;éurl} t he paper
I\/UItl-coIor and artistic dithering" by W
Ost romoukhov and R D. Hersch, SIGGERAPH Annual
One E@d%ﬂﬂé QG For pkiYifg color mﬁg,@s 4&Ag stahbiard onporhstandard bolexinks (standard

mul ticolor dithering", uses dither matrices Si
or nampstgndand a;ph:r@epmuqm as been d@g@imbqu% Qatent Apiearfon 091477,544

filedmm\ai(%ﬁ)@ﬁ wnggﬁg}%f@§ 1} ‘f]}wgﬁllrtlt éSJI i grartlsnc dithering”

by v o@gom@kﬂd%kandlmb qqmmt@qnmmu&mﬂf@mmd 1898, pp. 425-432.

e assigned for that EI xel In the case of a h
This crmaﬂmd |caléai “mahleo]bagléhenug ,euspadttbqnmgatmpqsrﬁml%t@ standard dithering,

e BBy e PR e PR BY By Fize FAtoREl image) a means
for s%ib&fr@f}i é’tfl&fji £. hetdie 'irﬂcscorrfbmﬂﬁiﬂr@'tthé Badkpiall eolvatd bnassigned for

y ' =gy(X,y)) is used in order to obain for
that pigell, Iri thesagexgf)a convilinear basedayery theipatieras withinethe sprgesponding straight

bese Dpnd WoRE Ay e@%&gggﬁﬁq URESR TREdei e ARRRBHGHER pottems. A
geﬂﬂ%tléln)éﬂ ﬁﬁ‘ﬂml (9’ @'ﬁj’) %}? v, 7)) QY BsdiEt draered dtafefor positions (xy)
e

ences, mul t'i c ring method ensures by

w1thﬁ|0tﬂé chrglinean b&sfeaﬁanﬂ lgeam@%ﬁmblditgemi‘ashelddemls ps¢aiated to corre-
de by side. This nethod is therefore i de

spontlmgrpmwdmp £ ixt )i widhie i q;;hgﬁmatr g\sl%g]@mefl in gwequbg}eﬁ Wpréthoned refer-
ence%ﬁﬁl SR lo gl:‘,l:ll&'g ﬁ%ﬁmd %{fﬂ.\ t&“& e c&ﬁﬁﬁﬂﬁn@%olors are

|ng eprlnte

printe® ﬁﬁ ?tmdée"ﬂﬁs Ghdthddid theréford ﬁbﬁlfbyhlgh-l&dd priaying equipment that bene-
aut hen

I d b k b nmul
ey G e
t, h
G5 L A B U 8 S s

aboval i entation MG 21, 210) and the surrounding area
according to anot her base band orientation (FIG 21,
211). According to its orientation, the revealing
line grating may then reveal either the band moire
patt erns i nsi ddagk basedemultipieebiapi tipirépatiemsi de (213,
enl arged 215) the mask. By havi ng many masks,. one may
create many differ- ent sets of base band patterns
with different orientations and/or peri

LIS A 0
One gyrther g]tgrestirg,@g'pﬁ%cqr@};@rm RRYIRE gm épcqul‘pgﬁ ¢ g Pﬁy the base layer
! di
to beg{eﬁéclrre@?%cg)f&élﬂ ﬁljllegt\?masglﬂa o&%g\%%\ ?WFI(F 211 l@lg))ggggﬂéﬁs&n?gn ng area
accoRBhg € Afothed basa band @hentaﬁme @GN G 1) 208r Acc@dwg to its orientation, the

varieties of base bands offer a rotecti.
rovealgng IMSAETBENEI e Sais RErnp RO DO PHETISI 08 (212, enlarged 214)
or outside (213, enlarged 215) the mask. By having many masks, one may create many differ-

ent sets of base band patterns with different orientations and/or periods. One may create a

revealing layer with several revealing line gratings either side by side or one on top of the

other, thereby allowing to reveal multiple band moiré patterns with a single revealing layer.

Such varieties of base bands offer a high protection against counterfeits, since photocopying
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col or photocopiers, tend to reproduce differently

smal|l patterns or struc- tures (for exanple patterns

WQRMABEOW t h non- st andard col ors) accordi ng t @GIHER$03/004202

orientation. Therefore, the revealed noire pattﬁerns -

iR YeshEei ' 5%, @hi edreirbene differcnily amph pattems or struc-
dev:dét@hees &5%§?§??g§§?ﬁ%o%i ned rr%fti ple arientation, band. tati
turesr(Borrexampli¢ pattnSprinted twith hemetangard sojoss) aceording fo their onentation.

formed by sanpling many different S disa at
Thereipes dhe 15XeRes M RIPES A he FRere B Pl bndiopF Aff disappeas
overlaid with other patterns. One may for
Omelgi{%ﬁ‘%lﬁgggéwbed the base band patterns w thin other
overl| aid patterns having various colors or
intensities and still be able to generate the desired

band i r ecRaiHiRImultiNIE ofehbiendlidnaoiré patichs
security of docunments is the superposition of nmultiple

band patterns at the sanme or pos- sibly different
orientations and/or periods. FIG 22 shows as an

TN I T T e P

S grat1ngs lavi ng I .

base hamti pattegisfmeay bedistyshed, Bgﬁallybgqok@q fAr ovmlrgldg\gﬁlg 0{198}’ pag{eh%- One may
A e mbed i Bl ik ' hd Revtrniarious colors

fore ?‘T‘%‘ﬁ?ﬁ?’?‘g e ?afgfgl“g%{é@%mlﬂ %{1&%} ﬁgﬁ/ﬂ%gg ve t har%ngs

or in%ﬁﬁiﬁeﬁﬁﬁtﬂﬂi%b%& ﬁtgeﬂ@ﬁteahed%sh]?? _bpnxll ztnnh'é paltérns. @nefeethod enhanc-
ase | ayer, i ecomes nore difficylt to recover e

ing thdseperityfofidesumerts isfhe sunssrositiop af anyltiplg ﬁ?ﬁf&i Bt Fﬁiesr%m" or pos

" sibly. base Rand; ARES peridak S FiE efsSam dxa@mple a base layer

.mblydg&e@w?f?rée aﬁ’]%g%"nce %nyalk'nglf@i g%);glhggsper?. gsglg base

comprisily theeeesiperifibpseli bdserband geaings padnhaving 2 yiffeseniputentation and a

P

eriod and orientations. The revealing |ayers. .
diffegnt base drand patseme FResATGRiFDASERISAIC TVARIER 27 il el difforent
. Qr,se l,~Bassnb hid| Basd B&id eratings are incorpo-
°nef?%¢§983?fﬁ§ %225%?3 ) ngg %@%ﬁ%@?ﬁ%@%ﬁb&% can then
ratedCinBAthe b4SE [a9HS it Riemes nlorediffivnit toore¢aventhe shape ofethe fpsechand pat-
~by making sonme nmoire patterns public and by keeping
ternsiinbsponatedwithin thedpase bangl &aR8s- pat t erns) secret.
Phase-based nulti-pattern noire An additional very
attractive possibility of creating conbined nultiple

Thisgarued Ofseh 2ae fis Py SogupafE IR Bber Absel bAbYAnd layers
maygﬁff%r% E8br, iMBAHSSshape, iPefod AfFortsnbionay e re vialing layers may also dif-
i

erent ‘patterns hay for exanple represent. a . .
fer in ienthtign aed péricch Fughemmers s ot sevseal hasmbandslayess ang,gossibly their

rcve;]g&?llggg'g %?yc%]&%gggaggﬁg‘%g%g@gﬁ breﬁecilari%ﬁs ﬁ:@@l\é’%f aothetfeations, for

example by making some moiré patterns public and by keeping other moiré patterns (hidden

-—

patterns) secret.

Phase-based multi-pattern moiré

An additional very attractive possibility of creating combined multiple band moiré patierns
relies on the composition of base bands with multiple interlaced patterns imaged at different
phases of the base band layer. The different patterns may for example represent a smoothly

evolving shape blended between a first and a second basic shape. For example, FIG. 23 shows
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4 base patterns 231, 233, 235, and 237 where 231
represents one fundanental shape, 237 rep- resents the
second fundanental shape and where shapes 233
WQ2W403658T nedi at e bl ended shapes. These 4 basgﬂﬂn%ﬁmmzoz
patterns are horizontally conpressed, horizontally
4 baggipattemned31,r233¢ 235 cindr237 whepd 2ilateprbserits hixnfundasental shape, 237 rep-

respective base | ayers 232, 234, 23§ .an 8. The ..
resengsoine eegood dnndameaial shags: and e Shapes %@@233&%31‘%8”8‘?“’ blended

su i ' ' |3 §1€®, rendered and
shapSy Pl T35t Bterh it REportily‘cibhglol ) R0flpoiRAE MHRES ronder
repliddkddWithin théls e Habe lagbRABLEL34; 2B6 and BBS.t The quaresponding band

base |ayer). FI G 24 shows a horj zont al I%IOenl %%ei%sv ew
moirdpatternsoman bé rayerlad &y sppatnpesing live gxaling) Oﬂa‘ﬁ rISHFEES:

| ayer 2405. When shifting horizontally the revealing

| ayer 2400, the generated nulti-pattern noire is an
enl arged and transforned version of fhe sucil?ssiv

Let ug_ggglgmcbop\gtq iaporpomales mujti-pattern Within Hhass layer Luqrepalier called multi-
pattefvga%i: ti]aylte EFE@% hB%E" l%%n%tgl;[y Eﬁ%@g WS of R Peveam®y layer 2400 and

create a nu ase band patterns

of a RAREpattdR Base2h98r 2405) WRAOMifbihg Wotikontdily thEnevealingdayer 2400, the
of tﬁe reveal ing | ayer may for, exapnpl e be sub

goncaisdondligpie ieéré<i8 [aB EniaEed Anddrangioriged VERSIRD ‘g‘i %iﬁgg‘?ﬁm"e base
pateind AR5 AL Y08, pRF Rl E Pl IR o O o S

base band pattern into the base |ayer (2401), then a
second fraction 1/k of the width of the revealing

HRGer2iRlus BRAR Dafikbep&idfdase baidopdtieenstii®s, 2407, 2408,
Toc{#%ﬁﬁ%%%%f%é’tc.%untiI a kth 1/k fraction of th

and 2408tdf witith ‘T Theeparind T of thearvaaling dayice may forerMaplg subdivided

base band pattern_to fhe base.layek. ' I el ;
sccogiie oy b Aceaied Fampetpl Bor b el thil By B e By copvin a
first ?rélét&noflk‘@fgﬁ%w_ﬁ&h of M RRXAlingABfer fANE thesBEIBAe badd batters into the
constructe y pursuing the copies of successiv

i ve
base layar (340); thadn 4 sreobd Siacthem ik pé theewidth of the gevaaling Jayer from the 2nd

| .. Th i t f t.h p .
base Iyg%/cf rgqitﬁ:gn gﬂté tﬁﬁ%ﬂjﬁﬁgig&&& eééo{an{g SaiktRSlZf {%?ﬁ(gn Bfe gvvgdth of the
revedifig!lhyek R GmRe REY Ba2O DA pattefnBRE Bibe\laydrl Thigtyields the por-
patt er nmpt?b ne. AL

ot her base | ayer segnents 2412,
tions242,3 4 eftthe fiastdhaso lnyer segmet 3t of wikth dds The mepilase layer segment

layer wwdth is filled. The _base l.ayer & t th
24114e Ghpsisted Ww"éi'&?"%s%f? SBF%F%%E%?@“\%‘? ?a ° 'Syl“%d. pafiens
into MY Bhsel 1Bfor PAREslick f¥8FacteliTioi fHeDatedfand pansas hendrapiatdund, i.e. these
mul'tiple interlaced patterns. FIG 25 gives an e

el anmp|
patteafs lehaverss sfithey wonld lsalpwizontaly rapeated ) patte&pﬁg?. H&lf other base

- base |l a i the reveali e i . Th
tyes 3P gaRE £117a it ity 4 CECHpt W YRl b3S 15wl ic gl The
base tl%@r i YR MO sbgrhiéntd Eiﬂiv@rﬂﬁ,mgﬁc@sibm iepedted &ticalB5@yer the base

253 or 254 representing intermedi ate patterns either

layeraThis creates whase band wisk mublipleiniealeces pastetos, 2407, 2408,
and 2409 of FIG 24. Therefore, the produced noire
patterns conprise transformed and bl ended i nstances of
the nultiple jnte

FIG. 25 gives an example of t{u; rggaﬁlts: we superpose the same multi-pattern base layer with
the revealing line grating 250 and produce, depending on the relative position (phase) of the
revealing line grating, moiré patterns 251, 252, 253 or 254 representing intermediate patterns
cither at or between the base band patterns 2406, 2407, 2408, and 2409 of FIG. 24. Therefore,

the produced moiré patterns comprise transformed and blended instances of the multiple inter-
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i ncorporated into the base layer. FIG 26 shows that

the i nvented phase-based multi-pattern noire method
Waaee3g®ad above is conpletely different fromBET/H2003/004202

art methods creating interleaved i mages (I atent

laced PeRf indbipbfatedin® thebasl lagerby t he superposition of a
lTne grating (e.g. the nethods described in US patent

5'396' 559, McGew). In our invention, shifting

reveal ing | ayer (FIG 26, -260) placed on top of ) .
FIG. 6 $Howsahitahe ibasrd phase-baed multipdttemuinoizé prethast described above is

whi ch are enl arged and transforned jnstances af t he

complgtel e diferant frompon a1t Wethnds grraing infraleavadymages (atept iiages) which

e veal . -

e BER5L5] e LRI A% YREBRERET, EOE lifodaRteatin US pacn

5'39835% MeGRw) 2adur ivehtomalifiiyg feveslinpdayerdFIG 6| 26@miaced on top of
i mage patterns 263, 264, 265 and 266. One cap easil

multi-pattern fiase Hyyes (Rfdr piskdsn goiéypaitemsq Which agy snlapgs S8 gansformed

. to the prior, a | .

nstsy o BE oS I o BT B e R e v
pattePRd R8% The dahcAGEl 4si (RO Baﬂﬂi‘ﬁs fodingl thE baxe lajdneTHeepriaalartrimse layer 262

l'ayer horizontally above the base |ayer, our_invention .
is fo;mﬁ Uﬁsmm_?ﬁ?nsy? " ricl)lf g:latl]ggmittgzﬁ @ﬁfﬂ %&e‘%ﬁ g;rd(%GﬁTQqeé:an easily ver-
atterns, .

ity, i pisFr e S 108 i SO0 W gt ot b E R 2 ot the
' laten'ineﬁyﬁ‘g;é CPrQ&n{ R8s ﬁ&%nﬁ%dﬁniﬂ%rb%ﬂ]@i geral, &l additiyn, eudren displacing

are sheared, remai n wel | percepti bl e, )
the reealing Jayer horizentally alvavel thel baset layetneurgaveriignodelds smoothly moving

destroyed. . Mul t. > ter I a .
and ot es yinbmont PR TG 1ofoEihal big HEHRFERESDRG: art method
Finafly, QP sigR@erotitinpane tevehlidy Ry thbadoiftejattbins generated by our methed
Incorporating a nulti-pattern microstructure, i.e. a .
are shicereds bulimnie wall pessepiile wherses prawidap devealed paferns get quickly
di fferent phases. Such a nulti-pattern dither matrix
destroyed-pe generated froma nulti-pattern base | ayer
according to the nmethod described in US Patent
appl i cation 09/902,227, Inmages and security docunents

I h CT i . £
M 2S5 W g B R By e o o o 5
globilNigixge ditharediwih dditler baandx paotperatmg aunoltbpatierh griegstructure, 1.¢. a

. image (see sectjon above, "Generation of ban . .
micrpsfruceyr vith sepgra) base baghBatisnsAt AEArent hasssc ““i‘ Hpffispapm dither
| ' > bt i dd'@escribed i

e b LG b4y RGOS 8 rkbp o BRI it
US Batggrapphéation D907 Gmiges i andstallrity docwmeds profedied by microstruc-

re e b s e R She  Sk, OERy o v
en 8 A58 0 A g o oo

pattegr(s3).0r Vi ce-ver sa.

FIG. 27 shows an example of such a dithered global image. Without superposition of the
revealing layer, only the global image is visible. When superposing and moving horizontally
revealing line grating 271 on top of dithered image 272, multi-phase moiré patterns are visible
which evolve successively from pattern 273 to 274, 274 to 275, 275 to 276, 276 to 277, 277 to
278, 278 to 279 and from 279 back to 273 or vice-versa,
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patterns Base bands need not be exactly repeated. One

may create evolving noire patterns by incorpo- '

w@\%‘l%ﬁ‘éppatterns Wi thin successive base bandsp.cr@hg%m‘mz

exanple, FIG 28 gives a reveal- ing line grating |ayer

(281), a base band | Eydlving mbirepatteinsgy base band

patterns and the corresponding noire patterns (283,

284) when positioning the revealing line grating |ayer

at different horizontal positions in respect to the, .
Basetimnds heegdarot bommactiymeprated: Rae mayraseasa e YQlYIRg Majis Rttexns by incorpo-

ot bR SR shSEEpud, ABEHHRES g v
ing irir%ie F;[Ga‘ﬁiég%}éQQ(ZEP}Y o b8 BB 8fert WRRh haeRilglisse, bindepatterns and the

tterns riove smoothly from the left to the |
corrers'ﬁ@'hﬁngiﬂﬂirétpattéluas £28%; 284 whewpositioniog the wrepling lingggrating layer at

RS el i i B i s v
ing ftdglg ?guﬁésdc%{s Kgs@‘u% Bt fike [érg»{)%@iahﬁr&ﬁﬂﬁ- (286); WHeglshifdhghexizontally

ons, ase ban n shape is a bl ending
to thO BENERErdvERSE; hye otop efhb bpstlzpmythe hwirépatterns move smoothly from

I nter medi at e_base bands incqQrporate patterns whi [ ot
tho 10 vt P (o 417 BREVBHRPIGHEY BREPLIRE POl FIy 45 252 shows

h Th e . . | m t side the com-
cload G Iefe N A phpré Bl Bl il i Bl s s el _
presfRHORPT §tapealt timteithediste rppsitions,i the tiss ttand quittaim, shkapeds a blending

the current base- band, i.e. the left base band
betwpen thesatvepiraremabratieeshaBeht dl (dj +dr) and the right
. base band pat- tern shape has the weight d/(dt+dr) in ,
t he bl endi ng (or norphing) process. Shape bl endi ng '

. b ied,out wth t : ,
Intorigdats, bl ipere paRfrDl il B Bhded OF THloBHRS: between th
extrepid] ?ﬁh&n sHAKREEPheSRERFVE SFcights 4f (leyet and ghtBadethal base band pattern

oac

Appfoach to 2D Shape Bl endi ng", Proc. Siggyaph'9 )
shap@onay therin@rsahh proportiasal %ﬂlewmumqhytawg zi& 5qf§ﬁ€_: current base

o o gt B 5 s
e S RS R B -y e i
may %?;&?ﬁ%lﬁﬁogt W‘étlﬁ}gteﬁe bPfhe 2BbMinftHRL, S8R ES o of the tdehAigues described in

N patterns may not be reproducible b]y -
the sticledPioind¥eSudsrbetes HARhypicollp BegrideApproachioi 21 Shape Blending”, Proc.
, Thanks to the reveal ] | pe ti 00, patterns
Sigempphet’a Compyier Oraphigs; t{gﬁ%d k@’o%%kéﬁe&' " easily

visible either by the naked eye or by an adequate

apparatus. Illegal neans of reproduc- tion working at

a |l ower gesolut .0 L gl.nakis Rna Réirdl | ng

equi pne m&f‘ﬂw‘ k%?t'iué%%gg{rg&h? éh%g‘?‘g'éﬁ%té bt%lri}le ori gi nal

patterns. Since such counterfeited docunents do not
I ncorporate the

Strong protection against document anticounterfeiting is provided by the fact that any tiny pat-

tern, either black white or color can be generated within the individual bands of the base grat-
ing. Such patterns may not be reproducible by standard means such as photocopiers or printers.
Thanks to the revealing line grating, the patterns generated by the original document become
easily visible either by the naked eye or by an adequate apparatus. Illegal means of reproduc-
tion working at a lower resolution than the ofiginal pattern printing equipment will not be able

to reproduce the original patterns. Since such counterfeited documents do not incorporate the
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patterns, the revealing layer will not be able to

reveal the original noire shapes and an inspection b
WQ2eYAB6HEans or with an adequate apparatus wi IHCT/IBGA${004202

that the document is counterfeited. Protection of

origifi @ Paktbrny, tﬁ@%ﬁlﬁﬂgﬂaﬁé{' willafot be ableitd g vealrthé orxiginalmoiré shapes and an
information into t base bands A further prot ectiv

inspeictau (hyevisfal mhranp os FaH 4R Adeqnateotpriaraies il reweak that “}%‘chumem 18
veal ed noire pat- terns may incorporate a code
counEegF &rb several nunbers or a string of characters)
t hat aIIovvs to verify the authenticity of the
docunent. For exanple, the passport nunber or a

o W PR Y R g e o

tograph of the passporg, J‘ﬂ{g‘iﬁlgeb may al so
i ncorporate into the bas ands a character string

corresponding to the nane of the passport hol der
(either di rectly the nane or a crypted instance of

A u(tﬂEtﬁ' AL B&ive fEMufeOf B #r@&nt fﬁv‘énﬁw‘ﬁ’&rm theSrabehat tﬁéi’@({cﬂbﬂ fhoire pat-

ter string, wth a revealing Iine grating,
terns My inberpkirateea toder (adiumbet, Isgveyl nnimbee ori angpieg of mac&qu) ‘that allows

to ve\é\dﬁé Ihlﬁajgggglp & at‘grsetgac‘::\t?é$ Bl:!a( ﬁ%{:,' at] o.{f)ﬁéyﬁﬁﬁ@r dr'a crypted

‘ numtﬁa? REAES IpBﬂdlﬂ oﬁséﬁhtlﬁﬁﬁb%r 9§ AdRAed inth the Bie bands of the pho-

- passport nu respectively to the name of th
tograph of ﬁmrliasdlwttdsﬂder Wmmgy also indoepopwie nte the hage bﬂﬂqﬁé\ﬁhﬁ@‘itﬁ string

coregsS e iee e pioset hoifertoingt ikl Biie B Bomptcd instance
of théﬁ&if{%?a |ré%§11ﬁ ffis Mhbdr] eseclely BR8Ehar Rt ki, withsa revealing line

carr ed out in a stral ghtforward manner, b
grating) ok mgayaﬂxetlh &either dweqw}l)evlﬁml lmtgmngr wiathi am; apparatus acting as a

gt i B Rt o g

O

corregé}ﬁlld o the Hibgért'rﬁnﬂ@f b x%%&ﬁbély lé@ﬁlfelﬂarﬂe%f@li@ﬁ@@ﬁorf ldlder. Thanks

entit docunent as wel as
to thqolmsxbgrta pfihaving nmltipid: base banils mhffermtmwntaﬁgns anfeperiogpwithin the

base g?agrez;rl%ég I'R:g]g’g gtsyegfn\/{ l:qgc]? ﬁ‘g vqef\éf?ecfabm& g:f?x@nﬁé% dr.[a'ﬁSns could be
cam&?&ﬁrﬂ? a%@@&ashatgm\%ﬂ%ﬁt@ol@ﬂ% Ro@e sl pRraw, andsome verifica-

| ayers The e layer t he bands incorporating the
tions p'ﬁf‘ﬂd? neesl to deatp’pt?tilﬂ aagemgrreolpmpat@mgn gﬁ.iprttm gerify the authentxmty of

the d{ng%/fﬁ%l&: qucf‘f%&t“ﬁ%f’f @b gl & va:f?;éarr}* {d'ﬁr?tti% d%éument as well as

th h@bb%fa ré& ﬁ’§ heRier PWithodtNGvedlik Tafdr, el phdt yeapparent. With a
eﬂ #gtl on pri nfl ng and ?%I Es,tgftrrp ES“Idir’]gg]ljwoul d be

reveainng éayer ltkzet mbivé phtteras chnphmtmaﬂm \realﬁ@atlort gnglebegarag prpgrent.
| ayer, or both) may be also 36

Embodiments of base and revealing layers

The base layer with the bands incorporating the patterns to appear as moiré patterns and the
revealing layer may be embodied with a variety of technologies. Important embodiments for

the base layer are offset printing, ink-jet printing, dye sublimation printing and foil stamping.

It should be noted that the layers (the base layer, the revealing layer, or both) may be also
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perforation instead of by applying ink. In a typical

case, a strong |laser beamwith a mcroscopic d '
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suorsfly SHEERETHHE BlhEEHHARR, B utcuatpes v ben
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secutitgydacmentstio PIFT ipdudsCORRCHEIEE Ey)ég[fiﬂéﬂfgr SHIE Yt 3914, 1998, pp.
254-27%5“‘3' renoval of matter, for exanple by |aser or

mcal etch- ing. To vary the color of noire

patterns, one may al so chose to have the revealing

line grating made of a set of colored lines instead both)

f LoR6 s, (IReA8yea [the basetyyet, theyevenling layer,Or may
In yﬁgpé@ﬁﬂ%ﬁ%ﬁ&f Tk gT t By

antitative analysis of nultichro ic nojre.
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. layers, Journal of Mddem Optics, Vol. 44, No. 5, 1997,
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Quaniieiive snalysis ol goulshrpmiatic fioles ehizcty i) Gy sppetiiosih 4 Epfured periodic
le : | a4rye6. gn )|g8RRe9) as revealing

eyl 30 MR b oL B, Y R o, For

produci ng curvilinear band noire patterns, one can
al so use as revealing layer curvilinear cylindric

Alth@u@‘i Blce8%aking f@y6r (Y galting) wilbgdnesillyde eafbodigdibyarfilm or plastic sup-

mc- rolenses a diffractive device %qnul% ating.the be embodied
porthintuaporatingf saé 9f irnsparentiines on @p gpagueibaclarpund, itmayalso

e e 85l 53O SR RicRIIM i€ Tk Rhs@Y 6 a higher light
by ’Wﬁl’?] gﬁat‘&gf’f‘?[}:\eg?ﬁséggg g\? irglg naa gg' gﬁ]ﬁrmeig nel Zone .
intensity compared with corresponding partly transparent line gratings. When the period of the
base band layer is small (e.g. less than 1/3 mmy), cylindric microlenses as revealing layer may
also offer a higher precision. For producing curvilinear band moiré patterns, one can also use
as revealing layer curvilinear cylindric microlenses. One may also use instead_of cylindric mic-

rolenses a diffractive device emulating the behavior of cylindric microlenses, in the same man-

ner as it is possible to emulate a microlens array with a diffractive device made of Fresnel Zone

37



. 37 WO 2004/ 036507 PCT/ 1B2003/ 004202 Pl ates (see B.
Sal eh, M C. Teich, Fundanentals of Photonics, John
W|e 1991, p. 116) In the case that the ba
we %W"‘%E@%or ated into an optically variable su??gclgmﬁmum
pattern, such as a diffractive device, the i
Plate$ (sesit Gakeh SMu@.<Feidha Fondamentils oGPlmorics, I olmei%chQéem 116).
to yield for each of its pattern inmge pixels or at
| east for its active pixels (e.g. black pixels) a

relief struc- ture nmade ‘for exanple of perlodm% B
In the casethad theasé layesis (ndonorafed inta ga pptieallyrigriable surlace pattern, such as

t.at d | f
a dlﬁg{c:’gg? dgﬁlﬁg ?]66 WQ Sét@?p%ﬁlalq%g? gﬁrt %gﬁ%%obse;fp ! ac?e%éf%cg to yield for
each BPfs §ttem ﬂﬁ?}% [gkélg of & IEQ@ fa! defive Eifosf(élgI IlekcK pigels) a relief struc-

nte ossSi b according to the desired vari a-
ture mladdﬂ fdnfbxaﬁipd:d’ of)pelﬁdthc tﬂm‘cﬁoaqlrﬁﬂe# (‘ng gnahngsé dpwag anqorientation, a

oo el e s e S s SRR S GR Re eht e,
accor%ﬂ%t BHE ?r e grﬂlﬁra&%h éﬁpt ftdnd ‘dﬁt? §1blfr ﬁ&foﬁﬁﬂg afitherdedired varia-

ure use or creati n an enbossi nﬁ'éjdl €.
tion ﬂih@k@m&b dteesdifignctiddight in felymset toskael diffraanﬁ oelor of el qumlg areas (see

US peteniscud 23 Iovebihien hich 8 081 aes Arkes 1 St o i eructure is
repmflﬁcet&so trﬁ?ﬁleé%t%&ér@%d'fﬁf’ Sféta ﬁﬁ”eﬁfoossﬂ?g wel T h@%mbﬂssmg die is

é ar ser nt Protection by
then G¥eidit6 ahibysss\the reﬂief stnatarp hlmampc(rmimgaﬂna dpaseipyer qnﬁh@pqu@é device sub-

s g5 R FF v o

%@”ﬁf"’l{/l&é} mggggéégﬁﬁgsgvgﬂby addi ti onal I ay(gfxgemagram)

~in OptfcabDoﬂﬁmim SesinitpRd. By ¥ahBenssse, Atteshiituse Inndes, K98, pp. 247-
will still become apparent. Authentication of

266).docunents with band noire patterns The present
i nvention concerns nmethods for authenticating
documents and valuable articles, which are based on

8 attern t hou t lete: th
D
may Sahﬁeiteﬂwaadﬁi‘onmaﬁr@u& 0 rahﬂbﬁfsﬁﬁﬁes.aNevegle\l&sL themeit$ypatterns will

way of éxanple, wthout limting the scope of the

still benomaeppatento t hese particul ar enbodi nents. In one
enbodi nent of the present invention, the band noire
patterns can be visualized by superposing the base

| ayer and, t eveal i a oth on two
di fferentd ‘é&'@ﬁéc‘ﬁf"n qt{@c E%E{s&%ﬁﬁﬂﬁ an11' Fe? t
(banknote, check, etc.). In addition, the documant may
incorpo- rate, for conpari son purposes, in a third

The present Avehlisn IOGUIRThetRlas fRRYGHRACMING dobGinéitPaed 98luabi® articles,
which are based on band moiré patterns. Although the present invention may have several
embodiments and variants, several embodiments of particular interest are given here by way of

example, without limiting the scope of the invention to these particular embodiments.

In one embodiment of the present invention, the band moiré patterns can be visualized by
superposing the base layer and the revealing layer which both appear on two different areas of
the same document ot article (banknote, check, etc.). In addition, the document may incorpo-

rate, for comparison purposes, in a third area of the document an image showing the expected
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WO 2004/ 036507 PCT/ |1 B2003/ 004202 band noire patterns
when base | ayer and revealing |ayer are placed one on
top of the other according to a preferred orige '
WORMOMEW bl y according to a preferred relativ .&t’&%&%ﬂ“m
position. In a second enbodi nent of the present
band MyEdtpanins My babeldyesand myealingpleyen are phaced enei o8 (e Af the other

itself, and the revealing | ayer is,superposed,on it .
accogding, thprsfrarediasientgtion and,poss acoorgig 0 2 Bretetsr Foaliye Ptition.
optically validates the authenticity of the docunent.
For conpari son purposes, the expected band noire

In a fGond sRbodienh ot hE B H s Ry A Flrspears opfoe document

itselig r%g? e r%geeﬂﬁggﬁyner isl ipeffd&dbh Ny 2K EhaiBYerBor or bn pparatus which

I'ng 1 mag on a filmor on’a transparent sheet of
visug)lyeart dptticallyt validates|tsmaithentieity iof e documpht. Har ¢@mparison purposes, the

expeg]t@%gqll(i gélerg ﬁgttgggg? . hgge%g;sgétﬁg g.%; %}e)ﬁlitla:gg aotg it@%%%%ﬁ?%oﬁﬁha separate
devi%a? e?ta]nﬁgaﬁ%l iﬁg Wehﬁ%‘&ew)?&s Ghl 2RI G PEiRAPd ABne grating imaged

erns revealing |ayer conprising a grating,
on a Gimlor 8RS, trénbyeiret gheut ofiplastivg Inmay alspbe tealizsl byreylipyiric microlenses.
conparing said noire patterns with reference noire
patterns, and depending on the result of the
conpari son, accepting or rejecting the docunent; where
The methodSet aushdntingtingodocuments sompripasghestaps ofy of i nes
sanple within the base |ayer different instances of
t he base band patterns and where the produced noire

a) suggé)}agi;gz dg%\;ggqt%ﬁlgas éﬂ%{a ﬁ}eﬁ?@gp@{wé Q;ﬁa g%i@ g%\%%%i%?attcms and
a m@%%?%@#gﬁi?lﬁngﬁe t'nrggt?f HHe§ tRértBEprataciff fiviré pgtterhs and

I'n the present Tnvention

b) c&ﬁé@a@ﬁ?_s&iﬁ%@?@f&t@ﬁﬁdﬂihﬁﬁéﬂmn&ehﬁo&é Piegis pdriddgpending on the result of
reveal’ing layer or both may be geonetrically
the compadifoy, aeodptinger tejsadng e ¢md, The conparison in

step b) above can be done either by human, biq te .
whertezsupeessive linesnef the revealing w@n&ﬁﬁhwswﬁ@ﬂ%a‘?lﬂg‘}’ @%g?%g%é?’ differont
. of an_apparat us_ descr | i | transformation
o 3 SRR BB B ol o R r  ans
of thelad NG MltkRRcolipribiR3a cAbeginsdnt andpéssibly ethantrhresfarmations such

canera) of the superposition of a sanple base band
as mirayrorg andghearingne grating revealing layer, or it can

be obtai ned by computation, using the mathemati cal
formul a gi ven above. \Wen the authentication is nmade

by a human, the reference,noire tterns I : :
It shdeimgiope BaLinds D imRntieBeple kB fud B8 tne exeing
i SeonlbA3Ely #fanofiéd did Herfc@ @periodic.
reve?]e e?gﬁgggggﬁhaﬁ%i% patte?ns. In the case \/\/Eere t he
base band | ayer is formed as a part of a halftoned
i mage printed on the . .
The comparison in step b) above can be done either by human biosystems (a human being with

an eye and a brain), or by means of an apparatus described later in the present disclosure,

The reference moiré patterns can be obtained either by image acquisition (for example by a
camera) of the superposition of a sample base band layer and a line grating revealing layer, or
it can be obtained by computation, using the mathematical formula given above. When the

authentication is made by a human, the reference moiré patterns may be also memorized refer-
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docunent, the base band | ayer patterns wll not be
di sti ngui shabl e by the naked eye fromother areas on
t he docunent. However, when authenticating the
WQ|3e04/986507 according to the present invention, PCEAB2003/004202

noire patterns wll become inmedi ately apparent. Any

ence ﬂi&iﬁfﬁé&wﬁﬁ, HALS b YreviclREURBN fefdtbRviaad moirégaaemdance
W t he present invention by pho- tocopying, by nmeans
of a desk-top publishing system by a photographic
process, or by any other counterfeiting nethod, be it

In thé/icitiel her® thePbiak gnd iybt isifosuéd @b yart of 4 halftoned image printed oo the

slightly) the size or the shape base band | ayer
docupmsnt Grabebebonleyenetioms WiH aots A AISpAIF bi fAked ey fom other

to .dof - gai i nk- ' . i :
aroasy 1z o e, Flopiede: RSP Ai Riing g coliBent 861G © tho prsent
inveﬂddﬁ?ﬂief’i‘ﬂﬁféﬁga%ﬁls\&ﬁmbe&&ﬁ& irhinédiately fpdrent.cr oscopi c

variations in the base or revealing |ayers, any

docunent protected according to the present invention
beconmes very difficult to counterfeit, and serves as
Any BttsTRRS falgifyl b dobugent produetdvireavcardanael witl Swrprpsenhinyention by pho-
falsified one: If the base band |ayer %gggélnte%x%& or by any
tocopytieg, dycmeanstofis desk-oR publishing SYSTRL DY phalpsraiic proggss. or by
SecU- fj ' fieregd: wi | o iffuefdeeven if slightl
othe 3B fertelinf b L 1R e SO | BT MR eYen f SBhtly)
the 51280 tHealiSpe BBy bixl layergateirinerpirated i tesioturpgntdfus xample, due to

dot-gggtagémﬁlg;{)péﬁﬁgglé @&gﬁ@ﬁ{@f gnnt%g a&&ﬁggtﬁl éﬂ%é %%%5 6)31&31%9 between
mheddi | - - el "
supelg)gée%ﬂlgtl}ﬁqg%érg gx%t\% éeeﬁgi(_t)%vé lo % o'%’%?%sgo . 8 Vh&Ridnd P tHelbRse or revealing

Vari ous ]
layerSRMcHRRieRt plotdcksd qrositng to the prisentrinventioneegemes yery difficult to

security devices for the protec- tion d ‘
countenfeHteind sgaves 65 2 HICaRL I 4'#%!@5}‘ fd’fP&Bt‘s‘?ﬁir‘]’ﬁE‘Fﬂﬁ'i‘tﬁﬁd a falsified one.
nmusi ¢, video, software products, etc. that are
provi ded on optical disk nedia. For instance, the base
ayer

I be, prjnted on an opti-..cal. di UG -
T o
rity iistq?fe?ﬁa%th&t fjuiﬁh adBBhANRsts Al tthe dbéuiadnt @rodiiction. However, the

val uabl e articles %y band noire patterns

Vari ous .
base baixbhiyeEnhs beimaged iptogbe dectimenbby pther BgAnS, £orgxapplelyygenerating
as security

devyj ces. for, the, pro-.tecti . \ ]
the b AP AL PP BT AR o A i BEL B3R Smboriing tis opically
- A | ' M@ 2004/ 036507
‘mnﬁ&%¥F?%%6@%?%%%%%%Emg§§§ﬁ%g?§g;%%g?e, the box |id may

i ncorporate the base layer, while the revealing |ayer
is located on the box. Packages that include a

Varidusanodiadts pRithe peéseat invaniopane bt ustdhaiosecuriy deajops for the protec-

. often used for,  selling a |arge variety.of.pnro

ion Sk HGioncH PRARRA prosias ncang s v Effafe products, e
jded i ' 11hE bide AR A te pRimtdd on an opti-

o SR R SHMIES ELS, Fr i s e o

cal disk such as a CD or a DVD while the revealing layer is incorporated in its plastic box or

envelope.
Authentication of valuable articles by band moiré patterns

Various embodiments of the present invention can be also used as security devices for the pro-

tection and authentication of industrial packages, such as boxes for pharmaceutics, cosmetics,
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see the product inside the package. However,

transparent parts of a package may be al so, used

advant ageously for authentication and
WRHYMTerfeiting of the products, by usi ng gcagp%ooglpmznz

the transparent wi ndow as the revealing l|ayer (where

efc. P&eeﬁ%ﬁﬂe | Y Voxi 1id hm@aiheﬁkgmtd the tpsedayrr, while dhet l;cveqltng layer is
shoul d 'be noted that the

ase layer and the rev
Iocatbdiyoa thecbox. Packages thef inelude agrenspasentagh & &l ?IﬁP‘F’F@e? NebnBhw are very

: id
oftor, SR B ks, Y of Bl ity ToF SLUAE, audio and video
cablésex‘és@f?éssgglg Smed el Whetk $he franpeteagpat ohitehpackagetrmables customers

tecté y the present | invention are illustrate

see tlnebmduaanddaﬁ'e mickageaHoweverhisansparap pasts Bf aiarkags may Rgapise used
Pat pl -t No. A
IERC A NN R e

trans@&%ﬁgpﬁndow SQMe%ch@ AL GuiRAL HRY Byse dager db Wate,d on the product

ective node, the incorporation
itself). A0 shdudd benoted that tli&é}akmhgeﬂ syt dre rgvenlingdayes sambe %[sq px,::,xéted on sep-

sratopont Seelcor Rk B ME RN OBt i AR g oo o

RBRL iviA¢H Odh tected by the present
the pREIAREA 4 YRS SultRdent] B pockies WAL O Beprofected by
invetiidiedra fihkahled balowgphd arel smhllaktozbd_gexmlpg/dqq@n bad indJS, Pat. Applica-

tion 812)?95/%32.4;? %ﬁé@i‘gg gpf@}ﬁgsgié)aﬁnl lﬁg}\ﬁe y &7 ﬁ% bt@vé aZ?I%wever since in the

ratin 74 ﬂ&dv@%ﬁdeﬂthe hﬁ:lockmrat;on of
pres%?gnvgg@%t} ﬁ#@gﬁgﬁ)@%gﬁlpgﬁ% n36295 are generate
base hﬁh@/gm&-@m mlehsvlw oy dndybe(rj userod adm grating ascthe reveqling @Yﬂf makes
the disk is slo inserte
the oot salupbleities Ran oyt iin S 8 metls B8sEbed in US
i £ r areliable
Pat. gﬁ?#\caﬁiagyat bglgo%eg'gy?an lg%{aar%r?%le that both the disk
and its package are indeed authentic. In a typical
case, the noire patterns nmay conprise the | ogo of the
FIG 99RNARfrascRiaticB) 8k optesl tieki29 trrgingay leaciong bagettaysr 292, and
white or in color. FIG30 il] usflrates 294. When
its coveh dortiix) 203 yarayipg sklenstone mysalinelayerdre eakng ing gaing)
the it i nventl nnlsfal%r é{i] m Ottgccﬂ&er &Tﬁ 2 ﬁf oTo N7 %%a&é}ﬁg 2959are genetated

part “301 and

bemfééﬁ Sﬁ@@veﬁ&\g%yer%ﬂa on¥beayt. WRAS theaﬁsk ﬁlshmljn tmseﬂed pretaken out
novi ng part, €.g. a product, carries at Fqas,t one

of itd coper 2%) ShesamgirE pattesns wary dynaseically. Thescnpiry Raltedls s?%%?%"“’f"“’ as

| .

a refiticsnitjerialoh Bitdoy ot SR thal bR 5 ek dnly pRfagehto indeed

auth@n"ﬂct 8 BypisHt BasdS tRVAGIN Pilitefidit®y campriserths logo of the company, of any
multi-pdattern noire may be generated, 41 WO

otheﬁﬂémbdmwsmls,lgﬂb@‘sﬂ@@@@@ whitg0Bi GO st r at es a
possi bl e protection for pharmaceutical products such
as nedi cal drugs. The base | ayer 311 may cover the

| Hﬁ%ljilgg#agsig&rg;ncg\ﬂy a Bossa)l rXbochgnuc of %&ﬁgéeﬂnt vedc¥ for the protec-

tion of products that are packed in a box comprising a sliding part 301 and an external cover
302, where at least one element of the moving part, e.g. a product, carries at least one base
layer 303, and the external cover 302 carries at least one revealing layer (revealing line grat-
ing) 304. By sliding the product into the cover, dynamic moiré patterns such as evolving moiré

patterns or multi-pattern moiré may be generated.
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product. The revealing |layer 312 may be enbodied by a

noveabl e stripe nade of a sheet of plastic

i ncorporating the revealing line grating. By '
WQP@“"PE@%%I ing layer in and out or by noving ??:Ir}[hm:smouoz

|aterally, the revealed noire patterns beconme dynam

FIG. Bl @1¥stratds! 415édsRl1€ pro3edtiontbr phérh;acaltmahpmdp@ts shefi as medical drugs.
enbodi nent of the esent i nve

The pasodager Sbh msy qved tfgllﬁﬁggceaq &S}I onwé@g &ppqpe SUBRY of the medical

f h f
proddihiTte fvalcg ayer SEmb] 8P 3RbEHRU By £l abls it é‘ﬁ“?% g sheet ©
plasti‘é%@dr?&tahﬁ’é‘ tlﬁfre{léhﬁng lige lgﬁdtmg Eyl phlling thegeealmgdayrrie gnd out or by

used Tor selling video and audi o cables, or any other
movipg dtdatetaily, theatveated mdirdpatierns bepome AWRAMNGI | (or

recepient) 323 of plastic front 321. Oten packages of

this kind have a snall hole 324 in the top of the

rear board and a matching hQ 325.in tic fr
FIG 32 musrrntes seheanatically atqt\“?fﬂ?&’?-"é bie s of Peisfedbhfilvention for the

ProtepE | | ”%g?fbﬂt E& Y @%8 P?%g%g tﬂ?%ﬁlﬁg@’tﬁg{;pmnt plastic

front%rlrdﬁdaht reh©€Bgdrd 802, WEiKR aﬁam priviet amPIamyso deseptiompbthe product.
t he package is closed, mojre patter

d
Suchtmt;h@m argtoftea aised fon selling igep ﬁ@d plgy% |;:;15bleis:q gr %{e eté%ﬁo%ucts that are
kept f"’r’%‘iﬂ thg%nf[l (nge E?F’%E%’@? 2?51 of ﬁ%t{cq’réﬂ?‘?aﬁl Oﬂbrpﬁadklagé;tdfcﬂus kind have a

ong rear board
smalm?]le%za% ttgs o Vfodhy rébtAtE add ¥ matdhig Bollela’Eﬁsn rgiasélg front 321, in

t [ t th bl nb
e g on oo e b3 b SRRy o
ked 0 7, s0 th
SR SR LA gy 1.0

hEaphGX clob&iE IrfoiAatioRss abs pdnermed Detweereatdadst pye revealing layer
Whel? é;a 5%3 cV\hen thﬂox i s C%

osed, base er..332..iS
and itdeea:t enk passtlayeailerd, agaim athileghe al}qug g@g é'GXtt 1s slided along the

erns a ener d while pivoting lid
ﬁmr@%qdﬁgfdﬁ%ﬁ@HE@?&%Fg dﬁbﬁgiﬁQ?re pat- terns vary
dynam cally. FIG 34 illustrates schematically yet
anot her possible enbodi nent of the present invention

FIG. fggtlll‘lgt&? e85 C%%ﬁagtisc V? ﬁ'&f an\%ﬁﬁij Eﬁsﬁﬂé BabodifentGH the pderitinvention for

ey, perfunes, etc. é For, . lid
the peMtBEInf prdduchythatuued pdckbdain 30k 331 with 4 pivating lidd3}.dhe pivoting li
bottle 342 ma carrybse 3; whi | i
331 parpies agieast A hef e apd Hiakeg ‘f‘ls&‘ft‘i?é“et? *eqligmgnﬂev"al‘“g ayet
333.%3@8{ %'b\é% 1{ b&RC bk ay &%Bﬁis%cat&mﬁlsf@ammmganr@yeyer 333, so that
346. e au entlcatlon of the Eroduct can begq ‘gzdi t
moit)paee apogineetth eAnd whidapivating g 331 duepaned 05158 e moiré pat-
on the base | ayer 343 of |abel 341, so that clearly
terns,yagy gyRamysalie patterns are generated, for exanple

with the nanme of the product. 42 WO 2004/ 036507
PCT/ 1 B20031004202 I n cases where the revealing | ayer

FIGLﬁ% JHPil}rate%asSc ety JBYarottef Gofifbié BRALOAnRACSE BE Pesent invention for
the protection of products that are marketed in bottles (such as vine, whiskey, perfumes, etc. )-
For example, the product label 341 which is affixed to bottle 342 may carry base layer 343,
while another label 344, which may be attached to the bottle by a decorative thread 345, carries
the revealing layer 346, The authentication of the product can be done in by superposing the
revealing layer 346 of label 344 on the base layer 343 of label 341, so that clearly visible moiré

patterns are generated, for example with the name of the product.
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o

al ong one direction, such as in the enbodi nrents shown
in FIGS 29A, 29B, 30, 31, 32, one nmy conceive

mul ti-pattern noires or evolvable noire pattepdgns2003/004202
W%@A@%é transl ation of the revealing |ayer Fakes

successively different noire patterns visible and

therefore creates an animation. In case where the

reveal ing |ayer and the base |ayer may.rotate an_ t.0 .
In cagés wherb tiod revealing laperringd thg basedaierfagy é}c{g.f(g} ':QBI(@ Saci Bther, mainly

concej ve, t he base | ayer and rev ' e M 31, 32, one
along pes diregtion; shchyas ‘Bttﬁ‘%/ 8’6‘?’?‘3‘3‘" isi‘g%gﬁtﬁéreﬁ’sﬁ?‘gﬁﬁ’igs tion of th

pUr pose . SonBL| ifek of QRNE khsird pattexs avhgee thi éransiation of the
maYFSQ/‘%g‘%%ﬁg%igwgﬁ) tt?g%ggsgﬁl ayer 1|§Hn t hej r Igc tions o tes an
revedling laferthiglies suotessivelpudifferent maite @atiems Fsilgiang) tpeyetore crea

printed personalized docunents Thanks to the
animatrabi | i ti es of generating automatically

m crostructure i mages explained for exanple in US

Pat ent application 09/902, 227, |Images and security

docunents pratected b i C ; h o FIG
i o oAb el g A Yoo G s i 1

33, Gy i Ayer aHd Gealin r so as to yield specially
33, oalﬁg'ﬁ%g plRIGEHTy fbeivd ARIAE lhyer g BE

I B02102686, R D. Hersch, B. Wttwer,
attrative ifi6id patien®. foEthispyrp@ie. Bi emann, D. CGorostidi filed
July 5, 2002, it is possible to generate and print on
the fly personalized docunents such as travel

docunments and entry tickets. These dog; ' ;
Sometimeeit isposeiblsito erelapge hgceYraling ﬁ%’ﬁ’i ﬂi@&ﬁ? ﬁ#g%@% %;{"&.E;H‘i’&ahons o
. iving informati on about the docunent hol der as well
inthgierolgt e ¢ he pur pose of the docunent, e.g. a travel

docunent specify- ing the departure and arrival

| ocations and the date of validity, or air;egrslltory tit(;ket

to as afhicallg prigedpasonal tamen

nunber%g{% e%tﬁ:\éﬁﬁsglo?g??y in tggrms o? date and hour. To

make falsification very difficult, these inventions

propose net hods for generating two layers of . lained for
ThatBsCthOhE lcHAbNiRS, ofopemeniting automsftically sHerpstrpctere 1ERgeq Grpam

cxatplocinaii: i ppleesesO0RvL DA TiBnY ool adhmEhrototed by
micq!ogs ﬁr%%ﬁgv%\?\éétg FED RO . RereY, 35 Wittweh) R Emnpsiefled 3rd of Decem-

propose to synthesize this second -
ber, 15001 QttinUfitadssor PErapplcatioh RET/TBOHB2G8Sy &-De Hlerichy Ba Wittwer B

hank I Li, : hi
o 3 kB B 30 P
pnn&%ﬁ%?@?%ﬁog%&gﬁotc{é@%ﬂ? GlidhOR t@keltdoeurhienits nd entry tickets. These doc-

ure pa ayer and the inspection_of the
umenRGAEIHddTingIzes iade of minrestyatureinrotpesabing it BLVANG WIREIAIRY about the

' ting, enbodied eith - \ £
docyers boier el f p Fie mireare o e sBoupidlLe &% il Bchn@i specify

ing ?I%Vée%%rt At ARYa1C6kAtRAE lafid BieCaAAE @R FREdity, or an entry ticket to a sport

gvent specifying the event, the place number and the validity in terms of date and hour, To

" make falsification very difficult, these inventions propose methods for generating two layers of

microstructures, one at a low frequency, i.e. easily visible by simple visual inspection and one

at high frequency which needs careful visual inspection or inspection with a magnifying glass.

In the present invention, we propose to synthesize this second microstructure layer as a base

band layer and reveal it thanks to a revealing line grating. This allows a straightforward direct
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A sinple nmethod for generating inmages incorporating
first level, directly visible mcrostruc- ture

W(ﬁ’?l%ﬂ&ﬁ;&&ﬁ'] as well as tiny second | evel m crost rp¢glrahads/e04202
patterns revealable with a revealing line grating

. cansists Jn creati a dither matriX. | [ : -
inspeP Ay OLLE S PSP B e A EhoR B HsBfrdficrostue
ture HitoftPlayBRYih ¥ éVealiiPlift giatihs Qiiaied dihtiay a flm g afgiece of plastic,
e target image equilrbration b ost processi n
as cytiedide infrdlenses detina diffractiys d@atcemnuitpmgi%' nelrgpmicrolenses.
09/ 902, 227, Imges and security docunents protected
by m crostructures, inventors R D. Hersch, E. Forler,
B. Wttwer, P. Enmel. An alternative ne{gggf fgr <ible microstru
A sigpleanethiod fori gengrating iagasdnearpergting figgt levslcfirectly visiblp microstruc-
visible mero. structure. patt S | i eali
e e DS PSSPl P i o rvealng
line gﬁ?{ﬁ%lﬁmis@in‘ dr&ﬁingraa&i'tl{ég nEaBA% inftofpdratinght Yiny eddnd level base band
ol I'dw ng steps: da) select a global image, for exanple .
pattegns| @wkde aae ¢hio dithdremptiiat asghe pighefrequeacyd yHer Hirtarget image
.b) create the first ]Jevel nicrastr.u r 0SSik: a
cquiliDraian i TBEEe 6 R PR [ ee Pl iy 09/902.227,
| %%h . WidrbsrhfirsomvaRdEs R.L). Hersch, E. Forler,
Imagrggg%‘t%f’% s&@flgﬂgéﬁﬁcﬁgto US Pat ent application
B. Wagd&0R Hamel. (R D. Hersch, et. al), or according to
the article by A eg Veryovka and John Buchanan
"Texture-based Dither Mtri- ces" Conmputer G aphics

Forum Vol . 19, No. 1, pp 51-64, a dithered glqbal, .. .
An altemgtive methog Jomgenersipatimages insorppelias q‘ﬁ#ﬁ%@t diggetly isible micro-

. struc:tj g%&%%%%%ﬁ%%ﬁg&%%&f&’ ﬁk{el%@%&&h&@ﬁ?@s’ﬁﬁgﬂ%%\t&[é&k with a reveal-

ructure patterns it- map or
ing 17@ ghatifg|cbhsistd iredpplyig tHefoRowinp speat e, in a simlar
~manner "as in (c) the dithered global image
a) seleBCHp1OBAldinape fbhexanplontintisupt or the phategraph ofi the document holder;
patterns (nanostructure patterns); f) Generate the .
b) cibateahe dirstHevel dnigrastrattureygpesibly asna bfmentaross & SutiAntgesity 1mage
the two dithered i ma creating for each

accoyslingsto the infoatign Pﬁsﬁcg‘g’%gw‘ﬂgﬂ\%@og @ mean or a | ogical

operat i, bet ween it.her j . al),
o) aPRobioPl FREERET URCrAbA R Bl R D, e, ot ab. o
accofllifd & @ art@t1o® B?'OIE%T%@QNH@ ahd P6iat Bachahdre “Ferhwradakeal/Bither Matri-
m crostructure pattier

ns. The type of operat.i nd .
ces” Sisspuber Graphicy Boram Vel. Wimitls PP éﬁ-%a@uh@ad%%égmﬁﬁe incorporat-
. ténaﬁe it}her the first level mcrostructure or the
ing R HESH PVPLETOSEYSSt r uct ure patterns nore apparent.

B e

map oP hed fluttiintaisitg dmage; el di ng a final grayscal e i mage or
it can be applied ) .
e) create, in a similar manner as in (c) the dithered global image incorporating the second level

microstructure patterns (nanostructure pattemns);

f) Generate the final dithered global image by an operation combining the two dithered images,
i.e. by creating for each pixel a combination, e.g. a weighted mean or a logical operation
between the dithered global image incorporating the first level microstructure and the dithered
global image incorporating the second level microstructure patterns. The type of operation and
possibly the relative weights can be tuned so as to make either the first level microstructure or

the second level microstructure patterns more apparent. The weighted mean operation can be
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spatially, for exanple by selecting the size of the
final conbined bi-level image to be 4x4 tinmes higher

h size of the dithered i mages. To cant 'pcqti2dob8os202
wéb@?’°§$$%| ghted nean, one nay replicate a 4x4 (or

8x8) pixel matrix and depending g e relative
appliedsdithiet en b ptxeé intensity ivalyes, épldmgﬁé‘ggx{ FRAYE ed@ﬁ%? et T it can be applied

Spahq?lzf t%% I;J?E{l‘&)lg Hg %’}%éhqggﬂbf% of th? Eer ecSmYUxﬁe'&' H*-lé\]%?nﬂﬁgﬁ to be 4x4 times

I mages and

highek ﬂfﬁg’ b B BT ¥R @efodt iithges. ey cadliyt diue lt]&ﬂspanﬂgteelghtcd yeandone may

results, the order of assignnent of

1ep hdétetzhm (ob 8x@ppixetaatiix andgerientiing wntthe relptive r\t%ét ofthg o dithered
t he Bayer dither .threshold |.eve

imagdpde c%mbmelgnaqq@ctatgmg%lqgrtgg%bc\t{ g%g—' Blgtht#g{%glx%@éﬂhi # one of thz

two c!lj 10 ﬁ'%agggr ahd (}R:% Eé’lh&iﬁl SiRRelh e QbR ditieed innge Tmyteld 00

to onfy" a fraction (e.g. 1/%8‘ bution of
result% hie Rage obagsiisneay of pixglstwithin tettid hatpig anay foll stribution

dither matrix i ncor or at on 1999,
the Bajediter ceshold Ipvals &1 RS Kang, Digiak Gt ﬁf’“{&‘ {18, SPIE Press, 1999, pp.
. 9., 3/4) according to standard dith- ering mnet hods
279'48(§r%é)kanpl e wwth a dither matrix conprising small
clustered dots. This is sonme- how simlar to
multi-pattern dithering, where one set of base band

I orli 46 SRy Sl eRbBHARTAek e may HIES dhke tidithopomlp aifimetion (.. U

patterns are standard d
4) of ‘il'té‘ﬁﬁs@ besHsdRVering the gldbelsinﬂutgte wgth‘ the, dlﬁleuamiﬂh ingorporating the secon

[ evel dlthered | obal e j ncor dith-
levelemsrds;tuue@cpattgm@n Iggtap%g céuogﬁge %032 ?r i %ﬂmdard i

enng'r\)yB tbO‘ESQﬁ%‘}F Sfe%mhe iﬁméf tﬁf&ﬁﬁﬁﬁéﬁ% §1hzﬂpclﬁs"t&bd It’lgts Thls is some-~

varian uch a docunent may dlevel
how bj Bﬁ&!’r %@Itﬁpﬁ&htﬂﬂt&tenhgrwherb eueiet of baso band patteresyrg the second leve

If- ferent orientations eri.ods and of tereddots
micregmetut p@@mﬂdlt@/@eﬁﬁe&%%&aféjwp i gasj‘% 3 Systere
different orientations and peri ods. Appar atus for the
aut henti cati on of docunents using the rmi re pattern

e An s for .t i bn easil d-
v e BBt B4 BB AP SRt sy e
able hAYRRRdNe af) SlicloBER e pattems mgmablervgtrpa epealog line grating. More
accor ance wth the present disclo %F_S \Th zh .1.S mPcturcsatdlf-
complex phiantiofanch wtiommemh maua@,@rmfagtéﬁe firet leesd mHeEost
The docunent, na tterns, also
forontogepgiprn R RSLSS B RSB Seeof@ PR Routructure paterns
atdlﬁgl%ﬁ nénfcatﬁh Adpdidkl cation is rrade by visualization,
% uman opera

tor, human bi osystenms (a 45 WO
20041036507 PCT/ | B2003/ 004202 human eye and brain)
are used as a nmeans for the acquisition of thetgolre
pat t er ns Apmautsdobihe mithentigatiop of doeunenss USIRg S

| ayer and the revealing |ayer, and as a neans for
conparing the moiré pattern image

An apparatus for the visual authentication of documents comprising a t)ase layer may compiise
a revealing layer made of a line grating prepared in accordance with the present disclosure,
which is to be placed on top of the base layer of the document. The document may be ilumi-

nated from above (reflective mode) or possibly from below {transmission mode).

If the authentication is made by visualization, i.e. by a human operator, human bjosystems (a
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 cotresprnddo difEmenteniréarattoms @ad allew aners tho

acquired nmoire patterns with reference (or nenorized)
noire patterns. The source of light in this case may
be either natural (such as daylight) or artifpgl
WOHYPISUS for the automatic authentication of bEifRba00bs202
docunents, whose bl ock diagramis shown in F|G 35, duced b
humancayp and brair) arensed las ageiany for tiesrquistiion of the ikt patigrisproduced by
lines,,an i e gcqgui si.tjon ans 35 ing the
the supesRRsion:plh PRss 18 i e ettt a.%‘r‘i‘s i memsttor gy, Tne
acquifdlfiré DARGHL Bekth SKRRE GOthefBliz&h TRGHY filtoirae The gorcedf light in
nol re patterns with reference noife patterns. In case
this chRemaRbE bitlictinhtaral (3ueh o dayitght) oniaktificidt be
aut henti cated and the docunment handling device of the

apparatus 354 will reject the docunent. The conparing
system 353 can be realized by a mcroconputer

An apiqns Rirtig autemaipesthenticatinanafidpcaments.fhese blg:p}g diagram is shown in

ts. An int ated - chi i ] . eus
FIG. 83 ceprimtoss oteviinBeest S ik Shtc S0, bhifis S scquisitin
mean% Iggg | (BP0 Gs a RaftiaSh shiiide ¥F ﬁggtr GREsHRALE the desviag) aed aadmparing

he "'m croconplter i ncor ating the conpar- ing
systefi 35308 GomParing thieiachuired moiré peiterns with referrace MOigé pattemns. In case

the mpiiihe GopEneat oA O} bE Fubntsag g 4l U el hihdiing device of
the agTRTE 358 Wif! EQURE db¥urhdfe. The EGnpRiRCoBERr 353Téed be realized by a

erence noire pattern 1 nmage can be obtai ned either
micrdbpnipliRg Sofmpeisingid pronesson memarppind infyut-owt POgs. An integrated one-
. canmera) of the superposition of sa . ! .
i SApopoRP e 4 1 OV b e RS Bk A3k on, e s
acquigglg)ﬁ g&fﬁ% 853 9%6315 ?tﬁlé@kfmﬁié@ﬁﬂ 9 Bie"Bickdtomplitél @iBtpordting the compar-

ayer a revealing |ayer at the desired .
ing pp&tebdor 358 syvhichdn awmml eepépls avtidcunmsing hawsding; dsivice}d foF accepting or

. angles may correspond to differe L.re. lﬂnﬂ :
rejecting beiCGmRR & boBHhEIIGalet, 18R Rihs g&#%%sgg%ﬁg & miero”
rocddbcessor makes the image conparison by matching the
P acquired noire pattern inage wth a reference inage;

exanpl es of ways of carrying out this conparison have
been presented in detail by Am dor and Hersch in U. S.

The fB8kenchhoi fARBmERAge JiH e shuuinat ditherbyinmgedagusitian (for example by

| east one proximty value giving the degree of . .
meanyraf i qaimteya) s the eupernnsition nfi & wapiobase layshapd fiffrexpajing layer, or It

f i : o ver _ .
may é& g&{]ﬁl@%& ng 'gxte§g c%:%slil}eg{aéﬂ?% g?gg}crp%ﬁ%ng Q{ lsngﬂ&tﬁﬁgﬁdtw Ber and the
revedlaBhyed Gt HRVAGERe@GEAMAONEY addhiptd(s) Multiple positions s8d/ppangles may

2004/°036507 PCTI | B2003/ 004202 ~ Conput i ng system f or
bt ighon.

pattern i nage The presented apparatus may al so be
replaced by a conputing systemin order to allow the

The comparing processor makes the image comparison by matching the acquired moiré pattern
imagé with a reference image; examples of ways of carrying out this comparison have been
presented in detail by Amidor and Hersch in U.S. Pat. No. 5,995,638. This comparison pro-
duces at least one proximity value giving the degree of proximity between the acquired moiré
patterns and a reference moiré pattern image. These proximity values are then used as criteria

for making the document handling device accept or reject the document.
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revealing line grating (revealing |ayer, see FIG 36,
361) to be superposed electronically on the acquired

WB%@!&ﬁéiﬁr i mge (FIG 36, 360). The super posi tpcIiIs2603/004202
sinmply an integer nmultiplication operation (FIG 36,

362) between the revealing |ine grati bi t ma he
cor r ecomppting sysserador Mth%a%ioﬂé’&ggg‘b‘aﬁ?tf E‘&ﬁg& h% he
canera. At the place wher tae revealing line grating
is trans- parent (" 1")“,“"_5%!’? eILAESg base | ayer

pi xels will appear and at places where the revealing
line grating is opaque ("0") black pixels will be

- d instead gf th (N
oo GrREr SopBASH Bl SR ISER B e o alow
mve(ﬁ)@%@gegélfag%gwﬂiﬁé 'ybﬁ\:sg:é P 86,076 1) kebessnperppsesi dlearonically on the

and Tevealing layer (FIG 36, 363) is Olicati
acquifed bafd layearimege(HIG. 36,360). Fhe sufferpassion(issigphsan inggey mulfiplication

order_to elimnate high frequencies. .. ' -
operghietFIGo3N, éﬁg)olfetwggcr\;hg reyealing i atx%l?,}gﬁape{/n;detg? @%k?/éc?? positioned
g%gr. lcadfiefAM f18deitsete theYeealing lihd grating is trans-
baseﬁ é‘géé‘{ zgcggﬁ?@nﬁf Egcaiég%éﬁ%fe%ést r omoukhov anglé R %ﬂ _
parelrEf$Chcotdspbidingbase layed pixetsiveiliappefirtand at places gihersthppevealing line

Annual Conference, , 1999, . A425-432) . . The r '
grating|is epasye (D black piredy wijl g‘??rﬁ‘a’&fﬁ fosigad ﬂgﬁ‘Pé%%%é&&aﬁ‘g base layer
ixel i-if3nsi benfRFaR dsitd Tinagsa6f thaGifperposition
pixel gHE gisplsls A QiAo ol Bt (I 36 365) | >
of bf¥ed@¥erlafd daehkieg Jafert (FEG.A6c B6Rris thes filtpraskwith a dow @assilter (FIG 36,

rejected. . The copputing,systemfor.the. ' [
3641 crgrs eliminay HE QU et SRR Eig) PG ok e viible by "
g i ' bithdll pstarice (Bichad filter #s!described in the
h“’“%@@%&??’?’ad;‘?dé‘ﬁ%ﬁé’gﬁglr’ig‘,%‘?o‘?a?'ﬁg acqucig s(i - tion o'lf, H
papéOV.UORRIRoMioR aadtRiSB. Heyeeh, Morbicolor rgd traisticodiphesing, SIGORAP

m@%gﬁfgégcga&% ggggﬂ%%%@g a|t1'?ﬁ e%g_”ﬁl rlLé] nﬁn‘gﬁbﬁ}é@ﬁstiweimage is t.he
mci@&%{nﬁﬂm@??ﬁd 99.966) ALy W ddphr&FIG.F60B6!) v th a reference moiré

I'mg~layer image conprising a line grating ang iocted
pattéthasiigé (FIG 36; 365) iiorddr to deaide if the dnsumeplds e #9Capice O rejected.
base | ayer and revealing layer. It further conprises a

pro- gram nodul e performng a | ow pass filtering
operation to that digital image. in ord;}r t 0. obt ai n

Thetdvenputing ysiemtier fe. authentication e sePments by gige Ratsrs Hil therefore

conmparing the .c | i 4 13 dafied, $6tCOBe acquisi-
'COWPB‘g‘?%“ Hﬁ&eﬁﬂgsgﬁg %ge%gsb cflmrl]&g‘t t?%ﬁghjefgg%p'\grél Son. e - 1
tionWFCRBLMBELs it £betlayed chitrisitg busebdnds,Sathbase bongsuedmyising pat-
systemall ows to automatically authenti cat

! i
ternhals otk amprisssa prOBRRGREOR e TUPBIE PHIGHORGDE PR base layer

. vary, fromone .doc a8 begducing th
1mage WX“? WWEF@%@%M& F@%&g? g%ggggg%%g st rgongfgr _ s e
digiPdl Rh8sd dfQRe AfRITHSItios @ Base/lhyr ahd gevehlinyleye. It Tertea camprises a pro-

docunént base l'ayer geo- nmetric I_ayouh ccﬁr. sponds der to obtain
grami metvlgpafasminga lowpass fidering eperalerhiol gl %‘iﬁi? W

the \An'ilqo?r% ﬁllttgrgn_s. It also comprises a program module comparing the computed moire pat-

terns with reference moire patterns and according to the comparison, accepting or rejecting the

document.

Such a computing system allows to automatically authenticate documents having base layer

geometric layouts which possibly vary from onc document to the next and therefore offer a
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tronically superposed (i.e. nultiplied) produces the
expected (reference) noire patterns. The docunent may

[ i nformati on, such as a bar code or a p¢QfiBRE0804202
W(r?g%@%q%? nunber iden- tifying the revealing |ayer to

be applied. The conputing system ma ead t.h -
much sifoRgAmPpIotsuan @galaﬁmqynwﬁélt@ri}‘@apt¥ e?f"d%' ﬁ]ag -ae):/net fage, layer geo

.order to co te | e rdt thapgRaldisasgerwhick when elec-
metri layqyt Fﬂﬂ?sl?gg%‘o Sﬁ@ﬁo@%ﬁ%ﬂﬁg"’?@?‘é‘?eﬁf& noi rg[gga tern
troni&a'fl?gsﬁpérﬁo@h’dd@.é. ineniiieliyigrodicdsite dopsetmefreference) mejeé patterns. The

acCepted or rejected. Advantages of the present ber iden-
docuinemtemsy comprieThrmdiomsageas HParaede AENCUNPHERTALRG THm
...and anticounterfeiti hod i j R$hat information and
tlfylﬂﬁrtb%éeﬁfall%jéﬁfi% 33?@%? g%@?‘mf‘.sg%?‘ﬁ%ﬁ%?ﬁ@reé& al _
apply {R¥ %B&b&%@@ﬁmg. ek TPOFdkA Y caMie tiROoied pttore dmeget 4nd compare 1t

previous i nventiodns made by |. Amdror agd_R. J'}) d tis to
with Herceksididig fefdrenchionoif PMGEBEAZE Y ofdes to decide if the document J

continuation-in-part U S. Pat. No. 5,995,638, US
be acpepted oiygiectedi i on Ser. No 09/ 902, 445) and by |. Amidror

(U. S Pat. Applica- tion Ser. No 10/183,550) that the
revealing line grating allows nuch nore Iight to pass

though than ar | %ﬁ"ﬂs f tiogast er

scregn). Thi s alf%\?\agn%%éggﬁta}] tl?c:tgtig%gl docunent in

reflective node without needing neither a mcrolens

array, nor a special light source beneath the ) .
The Q&&%Eﬁg@é of And HEW NRAneRElvATInAgIR] Amtiiodsterfoiting heethadst distlaged in the

I'nt present 1 nvention the length of the base band
presehapitenticn aemuineraused and that therefore the produced

noire may conprise a |large nunber of patterns, for

exanpl e many typographic characters formng a text

R G ST it
by L M&%@B%@t yg%)cﬁ gH%%{? N le240gshad fts comiifation-in-part U.S. Pat.

y along a base band_and maig "
No. $055634, (06 Py Applivativarses Na09/98344Dnnd by eAmidrer(U.3Pat. Applica-

Since the noire patterns can be revegal ed i,n_refy f
fon S 10MEARAE teb BopsARE nt HEERE RLow s Hutll BB i s though
i ncor por aque i ; it6 alifiéhticate a document in
wan S BRI (Bl PR s
cefledin® SbAE wiRERH RicliMgiclthec midrolenpatray masa apeois) dight gqurce beneath

light reflection angles. 48 2004/ 036507 . . £
the degmhem2AdBrthg sduantage raHdes ip Y}(a) thtgatﬂg %??&glnﬁ%[;/h%l the length o

the tREd PArChoRlk & 2 Plilnltc R RAR: AEIoRirk MlcSprodite nisirgMapbdrprise a large

oxes.
number of patterns, for example many typographic characters forming a text sentence (several

words) or a paragraph of text.

2. The present invention offers a large degree of freedom in incorporating pattems into the base
bands. Patterns may vary strongly along a base band and may also slightly vary across differ-

ent base bands.

3. Since the moiré patterns can be revealed in reflective mode, patterns incorporated into the
base bands may incorporate opaque inks, such as metallic inks. Metallic inks have the addi-

tional advantage of yielding specially strong moiré patterns at specular Jight reflection angles.
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4. Curvilinear band gratings and curvilinear band

hd. bt erns can be generated by applying ofamBbeos004202
w?‘rig‘%g]fxgy}%nati ons to the base |ayer and possibly to the

In addftio alh'e'?ﬂfé Batidb magﬂifélf}rﬁx%d"dd thfAlly @phqueaislerils) sustpas menyllic foils or
I'ncof porate many different oriehtations and
metallicespxesici es, which may generate undesired secondary
noi res when scanned by a scanni ng device (col or
phot ocopi er, desktop scanner). If the curvilinear
band grating contains a |arge range of gradyally. d by applvi
4. Cursilipeapantirgeatings e survilingar bandireisd palteqis £aR ge%ﬁm‘e y applying

dugt i on. f jes will cl i iy
oSBT BOHER S s B DB Bhch cari

ear un@%‘?ﬁr@éi‘?ﬁj Fkgofép;i‘#rﬁ:th SiereeAE Bfiethtidils Yandi féquehdies, which may

ects (simlar to the effects .
genefids anddsired sevondary enoitésnyltimnsciatted tyca sqaaning fggico {qolggsphotocopier,

deskt%;%gf?egﬂ'l? ?h%}/wgge ! 9%:3?, Sgcgfgfltﬂ%?g W%%ﬁg%ﬁ%{aﬁégbr grnagmtﬂy varying
freqtfe%ﬁé‘,%e\! 58 iiafg gczﬁ)?rﬁr'% {n‘ fepRiub BorPfreddfcies Wil ichshIwithasene of the

er an ave er “enl ar gerrent on ot her parts. . . .
bandTg6tind frefigneies or @eirbatmorsios dnd geseritelin therfalsificd sorper highly visi-

com plex mcrostructure patterns,(.e. o in '
e b oG OHEY BB AR et L g Mpaiop Pat. No

113880 A 2RS4 RALBER, e saifon Rk sicundich dicsintbition®. Leddition, cur-

ase |ayer, 'stand- ard cyan,
vilinBRURGiE, tey@td stvorghydenihme lspeaific pattscofi the cerylineardagg layer and have a

need to hal ftone the i gi nal , col or, accordij T i
sl GPlecs5AFFObER SPEHPRNG. AP O PBISHIEREE REY B oA g of yisualizing com
t lygipe f iR -cold SmicPostrliGuetey leimbetilanin the base
plexo'gﬁfﬁ%hggl??gﬁﬁ%%(iehéjﬁﬁ'{lﬁgi?%ggds of tshe bas); | ayer,
bandshe revealing layer will not be able to yield the

original noir6 patterns. 6. Base bands may be
popul ated wi th opaque color patterns printed side by

side at a high regis- tration accuracy, for, e | e ~
5. Wi hon-sandudinks wfeysed l@@@e%mggaﬁw&&%ﬂﬁ pE {hethase layer, stand
09/ 477,544 (Ostr C, i ' the original
ard a0, B ortiPR 1o A Yoo e ARl o Moo th origina
colob R&oRASE (@ EiRid d\gn AlifkoaingtAigoriteme ahd thgrdbiyndesgoying e etiginal color
very sensitive to any m croscopic varia- tjons ?f t?ﬁerevealin
patteves. Deerto thesdegirugtionrof theepatigene Vﬂgmmgw@ﬂn&fg da%ﬁaéﬂ AL &
any dogu t, P cted. acc [ o the present
layef Wijkﬁ?ti(i’&%?’resm\?éegéﬁlﬁ%‘%"&a@ﬂc’?{ég’a@%ﬂ%t erfeit. The

reveal ed nboire patterns serve as a neans to easily

di stingui sh between a real docunent and a falsified . )
6. BRA%ands mAy be'poifdted WRAN ?@iec%%%ﬂﬁéﬂ@pﬂted kide by eiglent a high regis-

Invention rs that 1t ca e used for authenticat- jn% /477 544
trati 60 GeoERY Sfop ekahpld vith theyndthodtdeserikadipdiS pateRicappliratipn V9/477,

(Os&g%@g‘gl ngg i %@5‘34%‘%1“3 Ig\g@ér%gd&%%% by the supcrpo'sition .of
the %Jasg'égagﬁg%ﬂh-of %&Qg‘ﬂﬁﬁ%rlﬁe el gl $eRtsehditienfoeschynmichasdopic varia-

ncor por at e d
tions of the pattern residing in the base bands of the base layer, any document protecte

according to the present invention is very difficult to counterfeit. The revealed moiré patterns

serve as a means to easily distinguish between a real document and a falsified one.

7. A further important advantage of the present invention is that it can be used for authenticat-

ing documents printed on any kind of support, including paper, plastic materials, etc., which
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into halftoned B/Wor color inmages (sinple constant
i mges, tone or color gradations, or com plex
WOt004/68$6e7phs) . Because it can be produced usi nﬁCTwwz‘m‘m‘n
standard original docunent printing process, the
may bR of Rirfitor Faftferitiofs) tepresdrt yoventedan¢thadicin beoimgprporated
cost.” 8. Furthernore, the base |layer printed on t ~
into halftonedRIWion caloc inages simpie ¢onstant iB1Ee% H90S NFOICr EF3 ﬁ"“s' or com

need not be of a constant intensi . t printin
plex Rhormerasng): Hepatse gt SO B TR FOE by s afEy oolhal dument printing

0gS| | el kM Gviticae addifichat bages or
pme%a@%r?gésén%gl?@é?ﬁﬁ?%r}% round@g‘r?d background of

vari able intensity. These patterns can be incorporated

(or dissinulated) within any variable intensity .
8. Furtirnbf) ffé Ba@@%c@{iﬂ%ta@ ofl Alse I daInehs Incitcandancepwish gy prosent inven-

a portrairt, a | lan sca]geél or any decorative
¥

tif
tion nedd mot bem alvensiidtfistensity KevelnOn e GROLTIY, AR 100 ?IER/“? ase bands
pattergsglpfr: %ihﬁgtogfr Ralty gtgginig{ﬁ%f Er?qiéeﬁa e hWig% ﬁ‘é}f’&"t&éﬁﬁﬂqrééi@und and

orre- s ng noire

backgg&}n&j]e&f%ﬂ%xb lintehsi. YRS patibib Bait beincorpairated kamdissimulated) within
rmlarly, | '

the col’or within the base bands joay b .
' any vadistile Gitebits| Hayftonediimdga 00 dhaifeymest (§ush 38 & pHcEsgraBf, & portrait, a

correspondi ng .col or,. jre ' &nerated by the
laﬂds‘?ﬁ&’?yoﬁ/\ﬁ‘tﬂﬁeﬁo £ Moot %“%Jﬂ%@gé Egﬁedgﬁff %I?]Eﬁsb:&\? 2{; |§a‘nt s
oird WitehliGn 1A RioRf. Whfi Pyiha!th pittoats alomg s basel band; e corre-
m ﬁ?l cal't” thus further increasing, the secyr | tythegrcg-' within the
spondingiedird pattdras wilkalsovary within their mere hands iy Ay thegEor

te a b . with di : o col
base éfrgl‘g g{;ﬁawe glgcp é‘:?cﬁqq{l? . glra?ag‘ ﬁ%cortfi#é g:? gg@hmngﬁr?.%s%%ndmg color

' moiré ﬁgatggxge,%fﬂ Bleﬁaﬂéﬁsv%z Wiktlih thdien@irs bandsEdoh of theseceariants has the

p on top of e another. This enabl es cr,eatd'an%curit ro-
advariviier of iRakingefalssficstionhstithyoteediFicyity thass Bithep INcErPIE; tRHTCUTY P
. shatges, intensities and possi bly colors and whi ch nay
vi RPEAER PNy eveal i ng | ayer incor- porating
either a single revealing line grating or nultiple
revealing line gratings. The superpo- sition of :
dif.ferent base b SRl in@liffereft regions
9.In ?‘#f&“%é’@e Bﬂhﬁeﬁtgt%{b%?éggyéﬁgﬁeﬁyeﬁg b%él’%gaggilﬂs upport for

of a ddUfileht %@ﬂﬁn@fﬁ fpeoifie ghasks ox odth)thel dltfgmxgmaee bands placed on top of
conpet ent aut hor i t.l €S QOr_ Dby speclallze . : .
one anatiiverThis cnables GesAiBE SO DaUSTES P BYRY JRYS¢iffgent pricniations

the inyention res |4 ol rb$aa1edl byCd RAvealig Tayer incor-
Shapec?yﬁ’é‘fﬁsﬁleﬁﬁﬁ)goss 35( ? @?ﬁsﬂlﬁh‘%@ﬁ&\%{aﬁ?y‘: V\rﬁen_ t hgc base ihg er
POratﬁf@qeiGlea fiﬁg’lt@ ﬁ"mt”ﬂg Hye gBraa'ng os#lhﬁtpwreust:aérmlme@atmté- yp superpo-
réspect to the other. By varyin 0 s
sitiorl ob siifiafenti 1ape Hand PARAEEE IAINEO™ I BidfosPme ot i Bl GiddPpatterns,
moot hl y v | ' ashiflderemblel biethelopmpetent
prov%tﬁlsﬁgﬁﬁé%or{]ﬂ}f(@ tb %’g ng:ggéeﬁﬁg%egﬁ% ot d?f f er ent t|,o’}ﬁases
authditfel 8F By ipe¢alitahirhantichmeadebizag pat t erns, one may

create multi-pattern noires 50 WD 2004/ 036507
PCT/ 1 B2003/ 004202

10. One further advantage of the invention resides in its capability of creating dynamic moire
patterns which vary when the base layer and the revealing layer are shifted or rotated one in
respect to the other. By varying smoothly the patterns located within the base bands, one may
create smoothly varying moire patterns. As an alternative, by incorporating into the base bands

at different phases different variants of base band patterns, one may create multi-pattern moires
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whose shapes intensities or colors may snoothly or
strongly vary when shifting the revealing I|ayer on
wa mosadésthe base | ayer. Such a variation in thBCT/IB2003/004202
produced noir6 pattern shapes, intensities and/or
_colors. . S rdtoBVA ehf}ng the revealin
e S R e e e A i
layerdnltbFbfthe bise 1dyek.Brich arvasdianindepiodecsdimoird patearthapgsaintensities

noire patterns revealed froma variable intensity,.

and/ag eblery mayrbepemeyretesssice $ash pr@l@@&éﬂ%@&ﬁﬂ*&iﬁ“@&“‘té&ég # document
che ré{l{@?aut henticity of the docu- nment. This is

oraﬁgqage F1y useful to protect for exanple an identity
docunent as well as the photograph of its hol der.
Wthout revealing |layer, the photograph is apparent.

11. Ai%g?rg‘gﬁ’g‘%@ ?%ngie? %%tﬂe%(&rthat‘iﬁkﬁre it RVehled i®m a variable intensity (or

verification code beconmes apparent
color} AmagtRiay ReRéseAY Atodmwhichizas dehmed tpciteck thesauthenictty of the docu-

ot Ghiara praigelans 0seith o BTCirs 408 eRAPTHTE o MerD QosHiiehy Bs well as the

photq%fqﬁ‘@fgét %Lc%g Withéht %g%?%#n%gﬁg% ;H'{)éﬁxho phi}§ appit i UWRh a revealing

rms gi Vi reffated to the
layerV@b nfbile)patbme arofpMtidgthe vaificatiah cody tekaines aprgecite. g.
a travel docunent with departure, arrival and validity
information or an entrance ticket with the event nane
and the data of validity of the ticket. 13. Ge?nstri C
12. The iieafpration of hasedband\pattorns inse e yaratle iensHy (erfolep) 1pagednay pro-

.. band desi gns .accardi to diff i t ino Tine
v §HacotEte 435 SR b e e PP, i 5t oparvlig
grath?glg Dol amﬁvﬁ{%%fo?ﬂlﬁﬁélﬁﬂlaﬁd to tie edidity of document incorpo-

"anst or ned Feveal rng line gratings. This Iar_gie \ .
rating that Rhagepé.g. aesicd docrapets iwithrdepartyraastivaliang yaljdity information or an

difficult, for potential, counte i Ler . ti nuously
entraggr kel Wi B e 4 et EE VAl ot hidgE Lo Ch
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51-64, 0 54 CLAIMS 1. A security device for
Computeth@raphicat Yol £6i Nends Juby B92e26-B40m t he group of

docunents and articles conprising (a), a basgﬁggxer Graphi
OlegCVrrpevkei myl fehye Byehanan, SExture-basedpBifher Matwersi puter Graphics

t hero g,a npn. . repetitive sequence of base bend
Fm“?éﬁ%eﬁ%gﬁhéﬁmh qecific shapes, and (b) a revealing

| ayer conprising a revealing |line gracing, where the

superposition of the base bands and the revealing

| ayer produces noire patted which are transforned

i nstances of the bass band patterns. the

transformati on conprising at |east an enlargenent of

said specific shapes. 2. The security device of claim

1, where the enlargenent is along one orientation,

said enlargnent being specified by a scaling factor d

whi ch depends on base band period Ti, on line grating

period 12 and on relative angle 9 between the base

band and-the line grating orientations. 3. The

security device of claim2, where the scaling factor d

Is given by d = WkVki. where A TI/tan a and where

Xi m (" Tun 0)-(T1MWh 9), the scaling factor becon ng

after algebraic sinplification d = TV(Il-TloosU). 4.

The security device of claim1l1l, where at |east one set

of base bends is curvilinear. 5. The security device

of claim1l1, where the revealing line grating is

curvilinear. 6. The security device of claim1, where

t he base | ayer sad the revealing |ayer are non-

linearly geonetrically transforned according to a set

of uunwt bon paraneters, the sat of transformation

paraneters enabling the individualization of said

security device.



7. The security device of claim1 when the base | ayer

conprises multiple sets of base bands characterized

by different paranmeters selected torn the group of

orientation pa}nnotns, period paraneters and gaoneni a

t> banadon paranstezi. 8. 71t security device of alarm

1, where the nvsdtng line grating conprises litres

selected fromthe group of continuous |inmas, dotted
C?uﬁﬁﬁi interrupted lines and partially perforated

> . 9. The security device of claim1, whamthe

base | ayer oonpdaea nultiple interlaced patterns and

wheats shifting the revealing |ayer on top of the base

| ayer produces niche patterns which conprise

| ransfonned and bl ended i nstances of the raUbi le

interlaced patterns. 55 10. The security device of

claim1, where the reference noire patterns are

menorized reference noire patterns seen previously in

a superpasesiriondevice forduathentlcatyray iteas dslectedefrona thierggoupl of \documents and

i n itersicesodmmadsiagknown to be aut hentic and where

conpar &g ease Layesi sing basy bandsj safd basd bandy camprisingsheroslong & non-
. pat t er FEpeiitivegesyencs of base band pattams aving specifigabapsscangd; ¢

devi ce ®ifrevealinglayef 819 } R i maged . on an
- Opaque .{T&’g.?; spperposito %wmndmgom
transpi f’_.' “d s the manstorpation
a  argeag e
i1

2

1, where the éfer eveal ing | ayer an

| ocat egl Hia sodinybdvica’ el A} Wwherd oS @dtigrhdn B alédgCdnd Rirlentation, sald
enabl i gifflarirhent M&ti’gglﬂieblﬁad bP# acafing fSor Dihith depiids@inbaiccbane peclod T1,
per f or i BndprafigREiBO T2t dnd on Ghladvackniia Behdniest Itha bithe Gnd and the line

t he r epepurgonignthtboner of . said item 13. The security
device of claim1l, where the bass |layer is abated by a

Pr ocess, eyl oF LR S/ WwheP G silhg o WP glvbn BRUh (-1,

proce am 3= { B)-CIVGR §)5the Gealing factor becoming

|'i t hogifePd sbraidi@picaiidiads TRATETIdeMDL ogr aphi c,

el ect rophot ographi ¢ engraving, arising, perforating,

enmbos sf, Mhs sebuitty oo DA Slaltly E, whith ot JERst oRuwefurOasdamds is dudvilinear,

The security device of claim1l, where the bass | ayer

i S emnisodhe eechijty daviessaficiabn i1 whesethe tevending Hmygrating iseprvitigear

transparent devices, opaque devices, optically.

vari allifi}'é'f}ﬂmtbs"ﬁgrﬂf i arm\mé:mgﬁsnd he TeveR ors

secur !@“’&@P@Eﬂ d*'&?fm@d, otoum Lo Py e

i s ans®ik %mwmswﬁﬁﬂ P g1 g sty device,

opaqug Y ASklfy Wik & GHSPF UMD tle tES1ay Jo sow of hase

”‘Crobéﬂ?%%ﬁighuﬂIurdﬂhum:pummdutaﬂizfﬁéﬁfﬁt?gwm>nfammMﬂ
perametess, period paramaters and geometrio transformation paramators.

8, The security device of clalm 1, whaes the revealing lne grating commpriscs lines
aﬂamulﬁmmggagnwmcxcnmhmmeumu.anudnmn.kmunmuulhnnandpaﬂﬂhf

perforated lines,

9. The scourity dsvioe of claim 1, whore the baso Iayer comptises multiple intsrlaced
and whers shifting the rovealing layer on top of the baso layer producss moire
pattems which comprige fransformed and blended instances of the multipls interlaced

m..
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a diffractive device enulating the behavior of

cylindric mcrolenses. 16, The security device of

-ctaim1l, whose the bass layer is |ocated on an item

selected Awn the group conprising bank note, check,

bust paper, identification card, passport travel

docunent, ticket, optical disk, product: |abel affixed

on a product and package of a product. 17. The.

security device of claim 166 where at | east one |ayer

sel ected fromthe am conprising the base |ayer and

the revealing layer is |ocated an lire product, and

whose at |east one otter |ayer selected fromthe

sai nt SHL Tid skaneief ddiconf tibien Ivadwohé fefopmed agive pafdms Keememorized
secur i tpfectecd maireqhttearhedeen previonsly irea mbapd:lﬁm of slyase lapeyand a revealing
ri ses riammriems\mwadmmto tyratithcntic| apd pawtp campaingithgmoire partorns
to thei “UB@WW’MH#MW@%PEM&W’E@Mn the |ayer

whi
Colors ;bm yioel i, S0t b or a5 ap goacue uppen

devi ce "35?? er corrprl ses

pa“ef;me K&"E? i My e ot
posi ti o W a&ﬂl &%HWGMB ?;‘mom!u
noi re m bib 6F tie bade RGerOind iof tholrévealing laysr of
- their pﬂ&it&rﬁ.on 20. The security device of claiml,

wheat the base | ayer ooanpdseat patterns whose shapes

vary addofdbe ngmm degies lof plabite howiepe the dafeoiayar 4s oroatphibiy & proosss for
| nt ensf ngaolected fom the set pomprising

i %’%ﬁ%mmmwmﬁ o, el S

- vari abi 130 ledonly Bt &%mmevmw w 53%’9% sloent

L V\hehfec&g %a sé%‘?rmﬁ%iﬂﬂi ﬁ@‘ a0l verlsbls dovices
W th aafdigifiesdvEBévidey, | NCOr por at | ng band patterns,

wheat without revealing | ayer the |rrage appears and

vw”th tﬂt?emuﬁah W%W mmhwhmﬁmmﬁm
secunt@iﬁ@m mﬂﬁwﬂmmc xﬂagbnh& t he

phot ogr a of the docunment holder and where the

Pt o s e it devienaf sl & shopssheshnst lays: i lcaionan e soected

ol é%ﬁ%?@hs%gaﬂ%%mmgmmﬁwm

at le ne non-standard Ink, thus making its

fai t higyl oyl GRA Hréﬂm&: %

cyan, % and.whmat
- conmo fakhe st ISR on TR s packnge.

‘non- st andard Ink bel ng seI ect ed tomthe set oonpdsng

out ofif.ghewscurity dewice of claim 1, wheee the base layer comprises patternd whosa colans
gradually vaty according to their position, theraby generating in tho layer supecposition
molrs patterns which vary in thelr colors according to their position.

19, The security devics of claim 1, where the bese layer comprises patierns whose shapes
vary socording to their positlon, thershy generating in tho Iayor superposition motre
pattarns whose shapes also vary scoarding to their pesidon,

20, The security davice of clalm 1, where the base layer comprises patterns whose shepes
very according to local intensity mdibrmavarlablelnmdtym
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Ws, opaque inks, fluorescent Not, iridescent inks,

nmetallic inks and I nks visible under UV Ilight. 25. A

nmet hod for authenticating an Item selected fromthe

group of documents and articles conprising the steps

ol" a) providing a security device according to any

sue of the precedi ng dal es, b) superposing the base,

| aw and the revealing |ayer, thereby producing noire

patterns and o) conparing said noire puma with

nferaaea noire patters and depending an the result of

the conparison, accepting or ref eating the Item 26.

The nethod of claim 25, where an additional step of

t r ansi si.npe tecariny deviad of clginl 1 ywhisre #he basedgycpéonipiecsipartere whose shapes
- Layer yvay e=oglingite lneal peltritasd formmivariableanionbrago.

orientation and speed depend on orientation and

peri od Partherseariy defice bf dlaiah svheweritis ban dayeheoniprisesaan imago dithered
gr at i ngwitlea dithem enatvix ineseporsting bask hardatterng where withous seyealing layer the
bands nisgseapers aad wish the syatliag ieyergroln Rertecns,Appesr wiioh/Allow w verlty
| map |sm9?§WﬁF@9VEHF@ﬁ@' reveal i ng | ayer ~t bass | ayer

g?kglsait%? b%mv'%égm oo@thadoaum::
der”’ and v . .- ‘s mmm
made Of goainhdie character & an ere conpar|l ng

the rye pas s with "two™ rate pttt(srw consists

conpar i agTesdechritydivicelof dlaif ¥ wiohy thebsie npd@ahomﬁeﬁim using atloast
sai d | topenoStandhivicinketinlyaiakbfy il feithiiol 28produlnioncdifiontt neing the standard

pr o= yickng mﬂgﬂtsmﬁwmvmmmmmﬁgmw}m dual?&
char ac Rpe-standand inkchejog; met

r at baa%ﬁ?’t’gkﬁ' fiugrapoess pks. mm tiblo mider
step of”d ypting said Dodo.. 57 '

25. A method for authenticating an item salected from the grovp of documsmts and
articles comprising the staps oft

a) providing a security device acoording to any one of ths preceding clatms,
b):upapoﬁngmebmlmandﬂwmmmglm mmhypmdudnsnnircpmm
an

©) comparing said moire patterns with saference molre pattemns and dapanding on the
result of the comparison, accepting or refocting the ltem,

%.mmsﬂmdofdaimzs.whmmaddmommpotwmmmmrmm
top of the base layer ylelds & mofre patern anfmstion whose orisntation and spaed
. depend on osientation and period purameters of the base bands and the line grating.

27. The method of claim 25, whers the base bands are part of & halftoned fmags and
where without revealing layer the halftonsd Image is visible and where g the
revealing layer an top of the bases Inyer makes the moind patterns baoome v

28. 'Ilmmmhodofclabnzs‘wmmmpm & oode mada of alphaumeric

- characters and whege comparing wznmw!wmmmmmdm
!nomnpaﬂngsaldcodewlﬂnumﬂmm looated. on sald e, -

29, The method of olaim 25, where the molre pstoarns vield & arypted code made of -

alphanumerio charasters and where comparing the mwire pattemns with reference moire
pmmqukesmaddiuanalmpof&mduzmdm '
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