WD 2004/ 036507 PCT/ | B2003/ 004202 AUTHENTI CATI ON OF

DOCUMENTS AND ARTI CLES BY MO RE PATTERNS BACKGROUND
W@R00FESSDNVENTI ON The present invention rel at eBCT/IB2003/004202

generally to the field of anticounterfeiting and

ASUFRRSHSEAT 0N DR IBOCORER TS RtV ARTIET 5 BY MOIRE

apparatuses for authentpLRERNS docunents and
val uabl e articles by noire patterns. Counterfeiting of
docunents such as banknotes is becom ng now nore than

ever a serious_ . .prohle u ' ility of
hi gh-quality aﬁéQ%MMﬁEMWers and
desk- top publishing systens. The sane is also true
for other val uable products such as CDs, DVDs,

sof twar e packages, nedi,cal .dr , £etc. hat... f -
The SESRUTRERRFSAETS o RN T L OB ko A BL B
metHod¥ 8Ad 1AcdsSan@OMBRY predcutdy) tddfnethotl, Recuity @&ﬁbessﬁ@ltﬂéiphﬁatuses for

el ement and authentication neans offering enhance
autherdication 9f dagnmini landvalyable hdicles by araief pattemsds, identity

cards, travel docunents, industrial. packages or any

ot her val uabl e articles, thus making them nuch nore

difficult to counterfeigé Vari Qus sophi sti cat ed, neans

Coupfgrfeitig o doRVRERIESHT #hDAnkBORH % Pecopting BPW RN BRF &'¢r @ serious
vent.i T e i: i of . ~
oo, AN SO0 AR ot e
top puibdishin kystdms. {lihe smak échleyteueafiod otieevalnitéa pdudte sudhtes CDs, DVDs,

general public, while ot Eer rréeﬁns a{i{e Ei.dden an. onlx
soft\jase daclanese Meicherugy fifet B arsofengnakpied in gasy g falsify packages.

automati c devices. Sone of the already used

anti-counterfeit and authentication neans include the

use of. speci al pape ial. | .
T WM. S —
meahE¥EEARNE bAfRced RRuALY for Hahkdoté) chevkgedrtdineads] dentity cards, travel

i ntroduce further securitX el ements, which do not

docunaenss, dedushia) phekegesaeeanyhetherogiuablss artiples, shegmakige them much more
ceed nent r goods. Mdiire effects have al ready been

dﬁﬁﬂ@éﬁ’?Wm%ngr art for the authentication of docunents.

For exanple, United Kingdom Pat. No. 1,138,011

(Canadi an Bank Note Conpany) discloses a nethod which
VariBﬁ Rt Qe®@edhd REVveOBteh MRr@Iuced RPdhe GRIY ARYor 0@ Eérfdit prevention
el enents which, when coun- terfeited by neans of .
and Fal authentcatiop 06 doamants, orshbwble ariilese Spraetof iheso mennsgie clearly visi-

ble t%ot (E, rr1a Setd 'eyg and Lr% rinter}de\c/il?orz t g%/eges;a 5p(1)1 ligc\:z-vrléileBOthgr%{lga%és" %r%zhidden and

only detectable by the competent authorities, or by automatic devices. Some of the already
used anti-counterfeit and authentication means include the use of special paper, special inks,
watermarks, micro-letters, security threads, holograms, etc. Nevertheless, there is still an
urgent need to introduce further security elements, which do not considerably increase the cost

of the produced documents or goods.

Moiré effects have already been used in prior art for the authentication of documents. For
example, United Kingdom Pat. No. 1,138,011 (Canadian Bank Note Company) discloses a
method which relates to printing on the original document special elements which, when coun-

terfeited by means of halftone reproduction, show a moiré pattern of high contrast. Similar
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met hods are al so applied to the prevention of digital
phot ocopyi ng or digital scanning of docu- nents (for
wez@apsesp7 U.S. Pat. No. 5,018, 767, inventor WEPRKETB2003/004202
all these cases, the presence of noire patterns
i t | o ' | igital ni u-
g S ek o AT BF RS pBng o gl scaming of doc
ments Gk exanyple  BiSePatdNand, B t&k 7@, investor AWieker). dmall thyseieasas. ithmpresence

of ms putersy alfitea el (BF HEImETLR SR COLMFI gL QIBer PG art meth-
ods, gggg%@ﬁua NEke Wﬁgg%tf !?l?éjiﬂtéhtl‘@ﬂhl?ebgéraﬂﬁh o€ a8hbBE hattn whose

to make vi sible an i mage enco on the docu-
existomuet affdwhoegmedisreshapd, gire esedrap lagneans of hetherdicatingithe document. One
"Background” of U S. Pat. . 5,396, Hh59 (MGe i S
knovypmstiog an w%@hmﬂ?eﬁr‘a aﬁfe%ﬂ%%sgﬁ éfém&i%e {”ﬁg’i’e g e&ﬁg@%& on the docu-
S i jolS e 0 g Ueat KRBWS,396,559
L ol R S R A
(McGiend) grmbédign the phpsicudipfaseneraditicho imager aethe dbcwhng a$ & latent image,
_printed on the docunment, but wjthin the .pre-define .
usin gied e giauGnPHE % SPRHE MOdHFHoBN 1 HEs HEEURENE 'EHERS Sg Ereting o
' | vl defined bord
sl P O RSBl 4 5D 5D e oed s
of theda®hiinyage Pnahe dbdunnesn theovaiverlirgt grating @Eorespedtivglymthe same random
the latent inmage thus printed o theﬂ& cunent i? hq;d 1
dot-gceeed) &H%’é‘?ﬂ g different plase L IPQFS_(‘) ndn a _ ere%? nigtion. For a layman,
the 15@%@131&%@ Qh&cfrﬁ[}&m#ﬂx%ydoﬁ t'is ha¥a t@'&ljéti‘ﬂ?ﬁl&l‘x &8y itPBckground; but
unnodul®at'ed,” I'ine grating (respec- tively, random
whefl @treveali®e inspareseypeommisig anidefticat] bouwenedulated disbgrating (respec-
_ generating a npire effect,  the |atent i e , .
tivelg D ghB (gEaCN I HPCERSO N thepREBES: (eisdy (K noping p gnoiré effect,
| el gtk Red ' Sedd\eyigmid, Qineé haln its pre-
e Sy el 5 R il o e Bl ek s
defitdolmwdars thetnist qifeevappeastsyn k diffementphiredhdrds thenackgjognd. However,
. flaw of being sj e to si, ate,. since the for of
tis prra R ROVRGROY Bt e g o bRt BrPafisa s the form
of tl'ﬁrigtcﬁ’trlh)égén isloﬂrh?tgiﬁ{ﬂgy eSlint b8 HRMoch@EA UL E only KRR different texture.

mtati echni que resides in the fact that
A seched Bmitstiorofehisdeapaien residefs diz the fadtdhat gaare rme antragrament effect: the

revealed b he superpositiqn of the base layer and. of
pattqrR SoRBA AP 18 AUTREPOHIS) O Ao RS ERRE o G5 el gfinsparency

has {h@ts%ﬁﬁe sizB80fe 14tBntYmage. Pat . No. 5,712,731 (Drinkwat er
et al.) a noire based nethod is disclosed which relies
on a periodic 2D array of mcrol enses. However, this
| ast disclosure has the di sadvantage of being limted
In 1S Bat t190.t37R1 20 e Dt vatel bieals wpeoipd basdd mesttenall is digclosed which relies
structure is a_ mcrolens_array angtsthe eri odi

on aqurij)@fcugla agﬁypﬁ@iia@&yﬁ@nﬁqwgvg, 85% Leiscl s?yr%l s é‘& rdéséflﬂvantage of
being‘eﬁrx{!iltéccgﬁrpg It& ?Leuga% wheRARESu &Bbée@théaliﬂg’ "sﬂr@c?ﬁl%% lhYmRRfens array

in contrast to the presen o
and ithy patiodio strodiae or theeddcumenteiscd cotstant BB deescskn with identical dot-

gratings of Jlines as the revealing |ayer, hoth i ed ..
o S R o 8 S S o B PR Rgion, v
inveRtioff ¥kdiNEs the BRSO RMRRDF 1iABY ABE TNeBling [29ér, bOMaHak&Ton a trans-
parent support (e.g. film) or as a grating of cylindric microlenses. Furthermore, that invention
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.



does not allow to create, as in the present invention,
a document with a base |ayer conprising patterns made
w@bomasepdhg shapes, intensities and col ors. 2 REI/1B2003/004202
2004/ 036507 PCT/ 1 B2003/ 004202 QO her noire based
[ e [

Othe{g{oﬂg %3%81 ré%b&?s gséaseé\%g%@{ . a%t Id()"fﬁér?c%ﬂg gl;ﬂsUpé NB2b 249,588 and
its cdiﬁnuﬁio&&?;ﬁ&% 1SePyt. Do, 5995 50p eelyasi the csupemposarqnaqfsarmys of screen

screen dots which yields a noire_intensit rofile
dots whighoaglihg maie 1ais=flﬁgy fetlydlsﬁmtan@e 38 %&fﬁ%é‘écumem These

e -

mver{t{a)}‘lg Eg:{eub(rglg%d il sSJC Eﬁﬁg q%s‘?%heg?;ﬁé Hday {I sﬂt?%ﬁlg& Iglrc]:g[a\s/ grgf %&Qn‘é (includ
ing vaﬁhﬁlesahtehm@oﬂotsscr&amSuc&lua:ehtme ml;mtm esk grayn lavel by cglpajnalftoned

| evel or color half ned e |nhoI screens
imaggs)e p]@h@]ﬁsscp@,ep%}yg mi e@ﬁ aﬁréﬁ% r"a} %12 gsrere in t%elr superpos1t10n periodic

moir& ﬁR&{sE’&}%ﬁl%‘oﬂo é)'s&ﬂ&cﬁors rgga rsﬁagg g % %@Elﬂfré&% &Eits, the coun-

ors an apes aracters
try efhblnd, tc.} WRoseGiye; lotatjoneamidl ceientadvt gjadwhitis earg iag éhe superposed layers
| ocation and orientation gradually vary as the
are retaisd opskifigd PRy of eagh ethelot at ed or shifted on top of
each other. In a third invention, U S Pat. Application
Ser. No 09/902, 445, Anidror and Hersch disclose new

Ina m’:\ﬁ{] %g%gla)ﬂp @O% ggtg ]ﬁ%%)gz%)g 4§f (ﬁropgrécpeﬁgfsch disclose
new trﬂ&h&d“seﬁ’r'i@foﬁﬁg qh&p %@ev'lcﬁlshh BisPIBRAY mefhods lnﬁéhtlbﬂeﬁf gbove. These new
anal ysis ‘and Syn- thesis moires in the

imprevgeemoBiake vse qfﬂh@@mtdevdapqdfnttheamb rFasgiepbased gnalysis and syn-
structures

thesis £ r@j{qs dg|th%g\meg3{o§1t18p owpﬁgtglcﬁly %{55%?'& &eggg{cnﬁluc&fres" by I

Amx&éb@%n&klﬁ HRECR] JMafdapbf thd Opiieh Go8Rly' of Aawelca A, t\m 15, 1998, pp.
book "The Theory of the Mdire Phenone- non"

11008k 18r(beteingftembiAmizoads) hénéimtetbepk "Theakhepry Pg@? 'Mloiré Phenome-
Af&,:\}or d rc]go p]glé‘é”{eﬁszé)bp Zﬁegglﬂ%tﬁeésﬂékgngﬁégﬁ] c?o chdrﬁﬁl 95 s theory, said

mveﬂt@&f@’%élb%'ﬂoﬁv ft i@ psdsldTROs yakeHesiz6 @pEftic, \@bbmbtrllcmll)s phtigformed dot
of being aperiodic in thenselves, still generate, when

scrextﬂseyhlaln &n spifsest- bqy@gmr@dlctlg th@flseé\fﬁé, gilbgerate, p@}qnota?)b are super-

s o SR DL S 0 PR Sy B g, s

like @R ho/ParfbdQ cdsBs Hﬁ@lbﬁedplb}eﬂefwls abld S midadr. mNbelr pﬁavi’(élﬁ B88 Pat. No.
and S continuation-i nid)art U.S.

6,2401588 pad its mpptinueHeR-dhPEE U.SNat. 189/535% 635 U %S’iaﬁ 2%??1%%0“ Ser. No
09/952,%2%?1%&? ElosV\fo Ao %Vﬂeg Qg cﬂq{otg fdgerfaﬁfd R91& Ristif$e advan-

ageously use
tagediMly GRdTbeidiRbihtageiang amddutigmticatiin afrlocdmetne amkvalwblmatticles.
vaI uable articles. In US Pat. Appl. 10/183, 550
"Aut hentication with build-in encryption by usi ng

noire intent- sity profiles between random | ayers”
In UShRatnAppl. ABA188.650 dABdEuicatom sishabuilgrin engplisis Py ysing moiré intent-

sity FBrocrllles between random layers", inventor Amidror discloses how a moiré intensity profile
is generated by the superposition of two specially designed random or pseudorandom dot
screens. An advantage of that invention relies in its intrinsic encryption system offered by the

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.



is generated by the superposition of two specially

desi gned random or pseudorandom dot screens. An
w@edwans@ge of that invention relies in its i ntPCHEB2003/004202

encryption systemoffered by the random nunber

6,249 RS, gﬁo ot YRE S J0B81638YDISEE] ApplBafi HESEPRGE 081903, 4485br0N@hiror (US

random dot "scr eens. However, the di scl osures above
Applrrﬁeie 1041 83'AS@nmoekisg es ot theamqlmmtmsdv nrefils. to pathentigate dgecuments

have VN\%)O ga%é@glg’% %%z ffﬁct:T r%)g%o %qu %)O%F éeﬁ:’t ééa?’thsels\%\lealﬁng'lay%%s made of
dot s&%ﬁr%oge 104 a)sep(Zqu{Hé% B tifSots HR®but oeed 2D E0F a3 Wakd)dot screens are

use of the nMbire Tntensity profile to
embcamadlmnan qmqae dkyeuwﬁhttmy thaasperenidodoahbles ke g arfilin mithssmall trans-

parelg (gg];\ggggllﬁblg ?ma@ﬁ atgt%ptgg%slf %1% tlsee‘fbtf%%) ttaallqvggs[: %Lt %59 )a}{@he resulting
moird ﬁlﬂé(nsﬁjcgﬁﬁ dﬂﬂ@ (jg ggyéasﬁg VasiflP ﬁl%ééciﬁven\%ﬁy t Qhal®Cth8 @ibiré intensity

paque layer with tiny transparent
profﬂiﬁl&rkyrwhbleeene( maegs t(aw()nkl lmtnmmarﬁmmokie;tb@hlﬁw rp'maémg and the base

layerg pg@;'zetbgagaryp @a@l@%tr%é? aég E:pr?rl si)ﬁalt()irm Hr%ferably printed on
a pallﬂﬂtt% it Qﬁ?[gdr r§ﬂé@9§e ?fﬁ‘)%bl Yhet &k RbRalihg) 1dyBE &mbodied by an

vent ons he noire intensity profile
opaqat Byet witl kiay hiamspamedmte edboles theoméird mtwmpwéﬂw hardly be seen.

nmode; both the reveal | and.the base ers g} due t
In rechgtygdnqu pREPREdS, fO 1ése|q? gH]EIIClEOé%S QTIZY, 38 {nﬁl%te sereen, Eg/t pt case ue to
the I%HPH'JCH?SB% &'i)gl;l 195b$tyth9 Erh%ﬁa%é%nthefi‘nd?ﬁéf fnteVsity ﬁ{'&ﬁlﬁ@ﬁ&afnes clearly

n re ectlve nod when the reveadl i ng I%y
visibles "[Ehﬁtse@brﬂcﬂrbwbmk is dpa doi ¢hel fayteuhawht: thasd hyelt is anadjsanfemtwo-dimen-

dots or haq] es, e noire jnten rofi \n, har
stong arigy Oh s ApiSHAGLIASE WS Caniot b Rebiyg i HRbenin which
one &] aﬂ;cﬁ' %ﬁt 11 AhfBYr FSidyBhhsds s8 ﬁ%’po%rﬁbfﬁ@éﬂara&i’c&@ dlgitb&)rtl@gos must

focussing capabilities of the mcrol enses,
be pl:ahe.d ﬂﬂnnsr spacatselimpited by thef 21D Erepesnienes thel datrsEigen.ies Dy jits two period

R T T RER T NERIT KER MY LR e
whefl QEerpiel WAt £ civhiir&idtacietial rdvadin M@éry ptddied €€2D moiré an

space wthin which one or a very small, nunber of
enlatgtemy:msrbfabm tmlycshalm Ny‘rﬁn@}pbpﬂw highcamapgh frequencigs afernsedad to ensure

0S nust Thi s ace is |limted by the 2D

agOfﬂ?g%éﬁeg} a%?mst ﬁg @Gf?elfé% o St? e. by its two period

vectors. The higher the 2D frequency, the |ess space

there is for placing the tiny shapes which, when

The %‘&@ﬁtp&§ﬁgs e tlgqb'c?seg [3nCthE Qicaterd Qﬁatsacﬁzﬁﬁnglﬁ§n% ﬁi(:@ﬁio!rzﬂglg original

yer, proauce as nolre an enl ar gerrent t hese
shalei @qpesﬂmﬂ@suthl‘da‘eeeathlngIlmsgratimlggheléma)bqtd lfnpeq Qempiising soié shapes

needed to ensure rot ction a
whichyirg taclinedr of ,Qassaltly éx,q.gqgwa Tians m gﬁ? (Pr&{)ﬂ,l esh?%es incorporated
into k?l‘?esfrﬂld atﬁrﬂ;ﬁ stce A& 'h*)bn‘e i}ﬁ(,e & nRRAGeBEAL SR Bfficiency than moiré inten-

ncorp g original shapes superposed with a

sity peofiied tehdng bneogrsatdeng the pieskst anvsation pwi beadanisgeaishgused in all
noj re shapes
case where the previous disclosures fail to show strong enough moiré patterns. In particular,

the base band grating incorporating the original pattern 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



which are a linear or possibly non-Ilinear
transformati on of the original shapes incorporated
WO pi0a/08d5e7 band grating. Since band noire have BCTIR2003/004202
better light efficiency than noire inten- sity
pattel§ Gbt &:8fndiSh Yéxf‘ &n%cg @e%erﬁ%v@&l@ﬁor 4 PiRadhSEMext.
i nvent1 ol can be advantageously used in all case
where the previous disclosures fail to show strong
enough noire patterns. In particular, the base band
It shdildbé B@eskE thiapthegirégegt tnventivni qinpddtely atiffens droin &paeeﬂt)onaynentioned
be printed on a reflective _su oqu%dthe reveal ‘-‘élg
technjqueef phzsearpdulajion(He bt Ba- 1394, f‘fﬁ eV hjipce PR prgieEhnvention
| t -
no la{egp ﬁge ?UQSIFE"%& oé @%edéiﬁgﬁeﬁt a%htsm%g ftﬂe%ﬁg&ﬂr%?efrnéi Iggt“% isa ntgansforma
tion dfeRe @ﬁg&ﬂil-pattél@ sh steﬁﬁﬁddeﬂrwﬁﬂdn drel l@smbﬁnd@mmth a’mtsetramsformation
are clearly reveal ed. A further advant ag ci
comppisessAays hseling ansemnayey (sHargerenth @nd phssid Yﬁémfform& a shearing
du conprise a |arge nunber of 4 WO
and/cgag)gpégggggéf 2003/ 004202 patterns, for exanple a
text sentence (several words) or a paragraph of text.
It should be stressed that the present invention
Let uS ?ﬁg lh6le&hia thl {)ﬁ?ér‘«ﬁei H0RE hﬁﬁe%&d% edBytheq odite&dTi tddine grat-

hase nodu ion (US Pat 396, 559, G ew)
ings snervmél knownHecedoeewmplé KVBatptSlm The mqlf&tFéWge Tﬁ%@qesElsewer 1993,

o B TR TR S MO s o
set of H%@?%WQQQON)E%% f&&h@&ﬁﬁerﬁ@@@orﬁéﬁﬁdnkﬁoteg hd Gisclosed in US

tranStformati on conprises always a scalin

patertt I6:278 4GB ndelf-verify gl saewyyrdpeumentm e veaosy By &r&t al.
mrroring, a shearing and/or a bending
transformation. Let us also note that the pr operti es

o e AT s R BEPEAALPO o U2 AR e
band p%ﬁﬁ’rggzmi%spg% g‘r?)grgfﬁlrarght%ﬁs Jte@i?ﬁhg YRapek 2] Bend¥i83 and possibly

ges (noire Tines) produced by
colofshiasteapef goshingsimué ntoms finges (g)pafé linem v&(hpn supergasingghe base layer

| ines) are exploited Xa
and G REHEINE JF ST Bk AIT Gr O SBEURGHIEh 8 enfapcd,gnd trans-
form@d frisPmddsor tf%@{y %Mﬁruaﬁa bigerggcuri ty documents,

I'nventors et al. In the present invention,

instead of using a line grating as base | ayer, we use

as base layer a band grating incorporating origina
It shpaldt 1y msed thay aeyappgosehameshich itlzaapnesérﬁhmtibm é&sba;ndi further differs

OSSIb|X colors. Instead of .obtaj
?

from prqsgeashqdtdFyena armise anéﬂtegﬂaevrﬁé@' RO TYE Lo and thre-
fore g&%%ctt & ge\a% Eeﬁ'rﬂ(gré ﬁea@l’]en‘giﬁ?a LAY t‘ﬂ@ bﬁ’é@tbﬁh@ 1r9’?§éddnﬂ'%er rameters of

are arge d trans- formed

the reV&liag &8sr @ithd@ccossayiln aéedn@md apallyzethesnoité inghobdutiebspace.
noted that the approach on which the present invention
is based further differs

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, etc.) which need

advanced authentication means in order to prevent counterfeiting attempts. The invention also
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fromprior nmethods relying on the noire intensity
profile by being able to conpute and there- fore
w@e@dioatsot he generated noire pattern i nage fr oPeT/B2003/004202
base band i nage and the paranmeters of the revealing
relatcs R At HipaPREES S (iR iRE )l R ABCMRALA T b inentsor
valuab®d @ati€lss.t 0 security docunents (such as banknotes,
checks, trust papers, securities, identification
cards, passports, travel docunents, tickets, etc.) and
val uabl e articles (such as opti caI di sks, CDs, DVDs,
The ptbsetmvar\@np@m kdige on the goid| paﬁr«@a gereyated hep sHRPIPRSiAg @dbase layer

made, %V o ngrga Raltttgxglg téllpﬁ g%\%g\lmgrﬁ raﬁ {rlgger?hkg Sagrr SV”?@éj)roduced moiré
patte#R G DRERANRESH bERL Ot hada %tterh@in@b@%rdﬁ@i/\wmh hieisase bands, said

appar atuses and conputing systens for authenticating
transEumiatioto comprisis g an erﬂaxg@amte i teAnalatingriog rpiadng fpe revealing line

I nventio att [
grating BEF%QF Hﬁe@s%i r t ? BFO o Cglél% p%é g(ﬂge gltu[%? YQ?Q they are
smodiil sﬁlffeﬁvﬁféhﬂeﬁgaﬂd ﬁtﬁs@fyﬁﬂubﬁ:@t forfampe! ttangfokdy@dns, Bddeeband patterns
produced noire patterns are a transfornation of the

may imedipdraieahy pambisetien phehepese intensttiogiang |Cﬁ10r8h sugipaseletter, digits, text,

n d, transfornma |S|n
Sythi% lqrqa]ngﬁésl 18R OBPIY BT gjtefnr?ge trie h|re @vea &Fér?f%gﬁ WBMbilities for
creatfg@ebiléty @BciméhtPind AiubRSLtid1ayaking tahﬁml&fg@@ﬂi dﬁdugﬁﬁr iraging capa-
patterns evol ve snoothly, i.e. they are

bilitishof eréginal $meging @nd gﬁatugg)g/gems),ccggmr@chwltb éhef wlﬁg;{les of the repro-
transf ormati

ductlgﬂﬁy %I%ftmltaglgﬁ Bgten %%%ﬁex@éte&er ns nay incorporate

pes, in chsities and col ors,
such as letter, digits, text, synbols, ornaments,
| ogos, country enblens, etc... They ther ef ore offer
The %Feg B‘Qeﬁgioﬁ' dehéﬂe?%aﬁ@ﬁs nﬁfh%§§ if0the &%eHtioh Yofdes HRAA Patterns and
e articles taking advantage of the higher
descnhagthagnmaqogattdnnd that exs @fbmcxpgctnélfoli mvemlgbaand)an PeﬂOd a given
st ens (grrpar ed lLities

| bi

revelliig basplaihG pE A o aTe e PTHBTE DS (BBE NS e Foveaing line

" atRd | d
RS 1 OB ARSI 08 e o
possitiy o thoaevaatieg taier & palet by ersate eitheraevitiocapor mﬁﬁe}éy staight moiré

fo i ven ven. reveal | .

pattegvsaﬁ‘wg AL P e R e e R A, Mormations,
they gﬁé‘é’é;éﬁt %F%c?é?ﬁ@ foHuBReds PRinsOp@sibidcounterithiiy &kawss hidht the same

onetric transformations nay be applied to the base
timekzdliow tb pyaiuceairdlivigedigedpairstaf baspeandgoesaling tpyetyer in
order to create either curvilinear or possibly
straight moire patterns. Due to the additional

arameters required to describe th
The {Jgagp@p dpqpépqr@,tgg within successﬁve ase bands %my either be identical or slightly

evolve from one base band to the next. If they slightly evolve, the resulting 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.



they present an increase robustness agai nst possible
counterfeiting attenpts and at the sane tine allowto

wWEe@diaesoT ndi vi dual | zed pairs of base and reveRdT/IBP003/004202
| ayers. The patterns incorporated within successive

RS, S DT B A b ATkl b o Segrons

accoRligyg wethe ldval Ineswity ohthe imbgetodat ditheres. Wlthlout mlvsahng\lmyev ean image
fromone jnstance to the next. A paossible aﬁ&rtro
ditheyegt WAt sush a gighep TRALER RPPFATE AL .tf@nomenrlrrela% Bsthe fs‘realarng layer
oo bRED g PR ARt kb oyt e o o vty e
auth@icit@ oh the(dvcament. structure) The dithering process my
create within the base bands patterns of gradually
vary- ing sizes and shapes according to the | ocal
intensity (or color) of the inmage to be dithered. 6
To fihep OAHNOB BBGTCURLY Pf mgrmt;ommpolwdrtb@rm féloyvs tp enthesize a base

bandgiﬁyher rr%%?osil]%ﬂ?ﬂﬁ?gmlgagg{ 8% gﬁrﬁe&&tgéézdg% Y o %rﬁﬁ][e created with non-

stand 8¢ ks LR BSHid¥scefit dritgethlliB gks | WhibE adinoh @raeldbre\m Eth@dﬁrd color cop-
revealrng | ayer, an image dithered with such a dither

iers mprititxs.appears as the original inmage. Wth the
reveal ing | ayer superposed on top of the dithered
i mge, the noire patterns are revealed and allowto

erify the _authentic ty he peunent urther
One %‘r’fﬂi‘;ﬁ’i varign} of E@dqgesp{lé;nge B&U&}E o mﬁ{rﬂ)r{ ?fcsgv%rpf sets gﬁ)ase bands on

the SAhdekd NYePfol EXSnf1O aﬁﬂl%fﬁ@bﬁ&tﬁl&@%ﬁd P@s’%ﬂﬁ’y S &ds, Yielding, when
non- overfappi ng shapes of different colors

revealed ivploae or seatetiling gratimgsn diffetent dwind patiérss. such as
iridescent or netallic inks, which are not avail able
in standard color cop- iers or printers. One further

vari ant of the present invention is the ﬁ@g‘gl nati on
An agditng] vagnsolthe presentaYRISion s the ynthesisobmulli-palicat mPHP It relies

on tgée( ?rllmgp%rﬁ ondc%ff dge%ﬁpB s%rﬂa‘ﬁﬁt [tétﬁgzlt AL AR Shbs Yvithin the base band

by one “or several
layet.iThes @efitd Nhsse bdnrﬂ ﬁh@ﬂl&ﬁmltlmllnﬁrlpx&ﬂtffattms Rre mddiced omaté patterns
vari ant of the_ present |nven£|on s the a%nthes S

comgtise fransfarmed Andrpiepded iptapces of the raptiplednteRassd PaHEPs: gﬁﬁ the patterns
repr%fefrﬁﬁlx&{rﬁgla%as egang ﬁ?fﬁ%@ (b? fﬂ(}lggfn%f B&GRLn PG BGRlIamental shapes,

eat es a base ban
thenwhé nultiphitgrh endird will giekida pwirt émage th'ﬁhevqbvasdj.a:cxeecbnrtbeseewo funda-

patterns_ conprise transfo d and bI nded in nces . .
men&ﬁl shanes pYiuiti-patiern maivd @%a{sg‘;’@té’éflﬁs‘“ 15y %%3?5 F(ﬁémth a dither
I t s of a blending (or
ln“%§$%§ﬁ§%§m§2§&ggﬁg?&éﬁ? Eglgﬁental shapes, then the
mul ti-pattern noire will yield a noire i mage that
evol ves between these two funda-

The present invention also concerns new methods for authenticating documents 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.



mental shapes. Multi-pattern noire may al so be
generated by imges dithered with a dither matrix
WO p@epdnati ng mul ti-pattern base bands. The pPEFEBRN03/004202
invention al so concerns new nethods for authenticating
docu s _whi ch RLSoicrinli

In orb q%ne‘:‘({q ;&f:ntt ?tl %s g?sérrl]t? %Ve [eornr {atf% 8{}% %Qﬁ%‘g |L§§ %elé RRRA bteswsuahzed by .

supef-ﬂﬂ;@f‘ngtahﬁsé RiéR and@%mﬁg fayer whieh ard but ltg:hmdtontthe dlfferent areas of
present disclosure to all possible printed artlclﬁ?

the shme daeHmgt, Wlmy@ thedwsq lysriseithes pPYERIOR frasparegh S8 et the reveal-
L dent L C [

ing 1638 gl S & B CE B8 e 8 co QU UGS the prosent

inveEUN)BAIG thé bﬁHeQﬁiyb@ (Spaqeé or triesparesit) dppears oiethesiveemant itself, and the
enbodi nents of particular interest given here by the
revea/lmg laer éscaipprpesed an i by, the hupap opgratar ﬁét}@éaa%ra%lﬁ visually, OPU-

IRy e

inveRti®S &g réveMaly! Ia9dSr istdhehesDOf eylpaliic anicrdémpe sSuwwhmiseolenses offer a
vi sualized by . rposi ng .a base Ia%/ r a dda .
higherighi FitisiFnes ped ANGRY K7esisad MsOpalteiaa Oa%ohast gend batterns are imaged
ata ?gﬁér%e‘?]gg e Bhise 508 18R 8N Q%Hﬁ'@f%odlﬂé {6 b ?m*&ﬁﬁ@n the base
Pt her opaque or transparent, ere

layef muyaaé reprdiﬁlcédamedin mgﬂlcmﬂear(ﬁoleﬁdqymetahgi rdsvlea]né bgiiadint gtatlmg, embod-
grating. In a second enbodi nent of the
ied hym/@wly BANSPATENySUPRRIt Y liNdRe MiQralsaRes OTl atﬂf EF%B&? deiige emulat-
docunent itself, and the revealing

ing ﬁ%gﬁl% ﬁléé}gu]g%?posed on it byt he human operator or the
apparatus which visually, opti- cally or
electronically validates the authenticity of the

The @5&? YR e %én’éraft’ed Rbiél patRdiaBity @hnsitiRe $o aywiedrbdcopic variations in
the revea ? ayer Is a sheet of cylindric

the e arsl revmeding @@rﬁhn&ﬁeé oy depsEnbprogacted acerdingto fhegpgsent invention

extrm%lé%btglﬁﬁl){ FS(Z?(?L&??{ECQW t s%{gése l %ealrme Eooﬁﬁ%ttlr?g %?xeﬁlé%gg’e% a real docu-

menPhnd HRdB8&EoRand [ayer. In a forth errbodl ment of the
i nvention, the base |ayer may be reproduced on an

optically variable device and reveal ed by a line
grating, enbod- ied by a partly transparent support,
Sinde\the sk Aarer evhidhcappban se she doculngnaindicténdamtei wigh the\iresent invention

- |
mey gt kg RS GiieS HitaE app el By S inting proc-
ess, t&r&%%ﬁﬁloﬁﬁrdo@lb MeSrrbdin thbBobaadnt pRAERKSAl | Ng

ayers kes any docunent protected according to the
present i nventl on extrenmely difficult to counterfeit,
and serves as a neans to distinguish between a real
In tiEOsEseniBiRtlogurel dEfcr@lt YafiaresloDthe inve@ntioe atehiesdrited, domyeeof which may

whi ch appears on the docunent in accor danc? Wth t m
be digctased forithe usn lghe 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-
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



may be printed Iike any halftoned i nage using a
standard or slightly enhanced printing proc- ess,

wo paoloassoTr no additional cost is incurred in tPEI/1B2003/004202
docunent production. In the present disclosure

different vari. f the invention are descri bed,
accougy It} Wimcgﬁ’%g’!flﬁc )e di sclosed for the use of the

general public (hereinafter: "overt" features), while
ot her vari- ants may be -hidden (for exanple one of the

FIGS ¢4 Al 1@3«&%“%51%%% 8 gpa%ﬁg of B RYpafeRihddian@ aPD &itculddldet screen;
sets of base bands) and only detected by the conpetent

FIG. 24h&\08 fhtigBSertiorddf rasitOffkECwhaVivesiine drivtiggiareduperposed (prior art);
"covert" features). BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG. BGhows BRtrheiré fiinges sidmdird gatdms penepatabienthei sopapodidon of a reveal-
one may refer by way of exanple to the

ing 1 ARG EEBUOIFCIISe B0 ORIBNE 4 ERAHHS gﬁﬁﬁ@vga g iefigide and base
bandgplit\tglr}gg %tteﬂsG%PﬁAo%QHe laglgss w respectively a grating

nSparent [ines an D' circul ar dot screen;

FIGl'ii'sﬁo\%s gé;ﬁi‘é@ew%&%@%"yééémg% moire fringes when two

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

FIG. 5RBo WP bdpRrdiély RasSvalidg Tt 6f Mgt 3;er ns generated by the
superposition of a reveal- ing line grating and of a

FIGSR&?@, dSElééﬁﬂ GCDd ﬁ:lgrsﬁ%aidvﬂ theasupegtositign aff 4 raveslingnlindgrating with an

left side an ase, bands with the patterns "EPFL" on

obliquseriengHon ndier a BYEZaR Y g el HRICBIGA e h g 28 PigFGys produces
.of Fig. .3 5 shows separately the revealing |ayer

homoofltq‘]—'ing).lregj;alttg‘:ngs. 6A, 6B and 6C illustrate how the

FIG. gféfiﬁmoasﬂétéi% Rewaf rtl?evégﬁ‘)lg#ﬂégitibh € aladd la@%r With Refftated base bands

I'qgue orientation an a horizontal "base | ayer
and of & heveelhg ind echting sehoba livespatplrsrdffenendinstences of the base band pat-
hori zontal noire patterns; FIG 7 shows a detailed view
termypf the superposition of a base layer with replicated

e b s, and of, a revealing |i rati. .
F1G {6 Shitne B e ol YR e L el g8 oLMETfiginl base band
patt&ﬁg;- terns; FIG 8 shows that the produced noire
patterns are a transformation of the original base
FIG.bREbwsPlt tsesmstry bf heSupbipusitiohef gdasebaryl lagertand of a revealing line

superposition of a base band | ayer and of a revealing
grating@yerigr at i ng | ayer;

FIG. 10 gives 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 illustrates the dithering (halftoning) of an image with a dither matrix incorporating

base band patterns;

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



FI G 10 gives an enlarged view of the the geonetry of
t he superposition of the base band | ayer and the
wo ewa@sdsoy | ine grating layer; FIG 11 gives a BUT/DE003/004202
di fferent view of the geonetry of the superposition of
' I . ! .
the e 3 for iR ne PANBIncE et opiind RETEE T URUBERDLRGN of the
two 19ks; tern inmages are a linear transfornmation of the
base band pattern i mages; FIG 12A, 12B, 12C
FIG. 16 tived thatbese baad degleatf Bi6s hH;p bet ween a noire pattern
(FIG 12A), a single base band pattern (FIG 12B) and
FIG. §kgioesathe perselitglager ofddet B within the base |ayer (FIG

120); FIG 13 sh h i i
FIGSpAt A 8nd 18R At " BNl SOOI 6 DBt 8 pgeina rctlincar

‘ ) . Y
e e
FIGS. #8hT4h8 QQB%ontB@ BinkilTRAE biéwleBn theHupB®losifiBA bF % revealing layer and a

I hcor porati ng ase band patterns; "FIG 15 illustrates
curvilihear djnp| gratity aowlingtogthe peivr bt (FIGASAd and tof ¢e supetnosition of the

the b b
NN R TRCNT e ———
poratﬂ{[%)tﬁjs %htﬂ%ﬁsr «EPHIPQrFRatoghns resulting fromthe

superposition of the two layers; FIG 16 gives the

FIG$ 358 Handplsayw rth@s’uﬁEiP@siﬁéﬁ of fhk Garhd layeiées in REGS. @9Aahd 19B, but at
ayer of FIG 15; FIGS. 18A and 18B show a possible
a diffpemniredlative arientatibn befetio hase dayke ard wNeBEIRYeAr

rectilinear base band |ayer (FIG 18A) and a

FIG. 2 ilsiriiee she Rosvibidity elbhayingeditferont mpirg prtigms igggaledqtdifferent orien-
. 19 nd 19B sho i ki ,
tatlolgqj@et %Beélle %fnéilm()e}%r%tﬂl%e@elgq%ﬂ g§/ es‘:p'ééﬁ)gﬂgtﬂég)&?c\?meptn %faar first set of

base lbah@® oAk ioRigntagePikt the riek backgpoundrspacifyifgthe pl8ajneanck a second

of the superposition of the same revealing |ayer and
set ofbesgbands si@aether-enéiAl; | ayer of the sane geonetric

P e R 3 1o B 5 B e s

whicg DALEL Pt shibrill Fentatifs &R LIBinRUine@kating;

itTrerent relative orientation between base |ayer and

FIG. rZ?\éﬁé’xlvé Rehr b3%Hand phttdehe Lorrédpbdih @b tahds A@sSiebédling Yayer;
0 aving different noire patterns reveal ed at

FIG. di4f {18 MHowotd &ftceivatal :ani-Sittetrbase dayealbiyrigtellbmdng smbll pgrtions of
havi ng a mask specifying the placenment of a first

y S K \
eachduase bend tattsia wishia dhechase hends of BrailigRismPasniaytask
background specifying the pl
FIG. 25 shgws the mulg—patter% bage layer c?ea?e%eargggrtdin%fto %1&92%021?13 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-
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set of base bands at another orientation; FIG 22 shows

the possibility of superposing within a base | ayer
w@aewenddsoset s of base bands which may be reverdBIB2a03/004202

several orientations of the revealing |line grating;

. Fl 3. shows, f our d t ' :
ing iy part T2 G ARG PAT, FhetunS ol EERRR I I8yenting ayer
shift@ideebimellR phatct sipabdthBr évobasgmoay gattdays;i nt er | eavi ng

smal|l portions of each -base band pattern within the
FIGHasA tndmdB, dflustiae scherhatiqaly tagronsiblaseetodineent of ki@ @Ssent invention

shows the multi-pattern base | aver cre accordi ng
for the@fﬁp@%‘lpfé’ﬁacﬁlt‘&@ Shdy BdPT @@Mg ﬂ}‘fﬁgﬁé nt phases

.t.h the reveali | ayer, of .FI.G 2 roduci.n I
ri. i ifaksies e Eatsal aibie Spotniisil ot e At ol Mt for e protec-
ti EE&RH US RapsKbanta pat tahisiiPOaRindpde; 26 gi ves the
1on€[’;tge and revegl ing |ayers f%}; carryi n%lbout a
FIG. 8 P NRARfrhte OsLhbRLUEENY o fpesibRWmbotinesit 6fitheptdsentpaicneion for the protec-
_ mire technique and a prior art method using |atent
tion ¢pfiphgemacemi@! pOdyPtses a base | ayer enbodi ed by an i mage

dithered with a dither patrix | ting. .
FIG ARilusirpias scbemabieadly Al blesmpodimeat abine Ripseidjeyentigh fesifhe protec-

tion %\Qﬁpcél?cﬁsgtﬁéﬁaﬁg Eﬂ%é%({/ iged J%E%A,kg rcgglphgiﬁ? %’slidilﬂg QUAHGRFr Bl front;

. rding to the patterns shown
FIG. ?g \i/ﬁeLg Iadﬁg E(fheﬁiag@a Bfa %dgﬁblefén%ﬁﬁhen% bfahe HEeséaMention for the protec-

1

ayer (top) and a base | ayer incorporating
tion bmedinandiapat pecked iew bbx withG pidtgOul 036507

PCT/ 1 B2003/ 004202 ing snoothly from one base band to
FIG. Bhéllusetes schieimaticallprreppssiblseanpwdiraeniiof Hetprrsentdieition dor the protec-
. _layer. .shifted r.izont al | I vl vin
don BRSPS TBLALY ! Vi

l.cal l I.b e '

rro SEURHUEPS bl RS0 Sur AR o BBl doomers by
usin&Poire GRtéals and DVDs ; FIG 30 illustrates

schematically a possible embodi ment of the present
FIG.i 36vshotis anfléwrchaheofphe bperati¢rsoperfoimed by programhmedyeserunning on a

packed in a box co ising a.slidipng part; FIG 31
ComP‘FthFtﬁWé@eéag#eﬁ%ﬁ%g%ﬂqcﬁg%g H¥YTEB1e embodi nent of the

present invention for the protec- tion of

phar maceuti cal products; FIG 32 illustrates

schemat | cal |y peBSRl e RARON G Thofy HherRIgSen!

i nvention for € profec- tion ucts that are
mar keted in a package conprising a sliding transparent

plastic front; FIG33 illustrates schematically a
In UE)Sf)'g?te’ ?Jlo(?6,9@,9@8,%rébn@ﬁuaﬁbﬁ-irpbﬁ¥@Jr.ﬂ. Paf) W15 1005,688US p&ent 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-screens, 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
layer (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
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tion of products that are packed in a box with a

pivoting lid; FIG 34 illustrates schematically a
w@omgiokise7 enbodi nent of the present invention POF/IR2063/004202

protec- tion of products that are marketed in bottles

: sk f : '
s YRS LGP s RS FRAERES s 80V A A LA BEED) wher
eachQI()t RRGNERNTifited spdés WithinWwhich dpdbf £kary;snfall Quafbes BOMSy shapes such
flow chart of the operations perfornmed by program

as chaagtars g,hg—ltsmmlqy@sgwsabe @@mtThﬁgspgggtsémgﬂgé}yatbp D fggquency of the

aut hent BQa]is %p Oc%g%cq TIPEII@%EIE% gg%%gﬂy%e%ss SII_J|ECC there is

for p%éﬁig' el ahy @lﬁhﬁeﬂ whatht whePsupediosed\®ith 2,2998 w88 dotSereen as revealing
pat ent applica- tion No 09/902, 445, Am dror and

layet-prodoe asaH2i moiré an snkaggemenpe thesettinyshapes.  No
10/ 183' 550, Anmidror disclose nethods for the
aut henti cation of docunents by using the noire

I ntensit Thes sed. on . :
To rgagggctggprll red&éﬁeﬂﬁe%}s’mﬁou eﬁé‘ﬂ’g{’%ﬂﬁh?g?’}‘ﬁ@?ﬂfr i re(ﬂ&g{]ve mode or in
transpateRfihode %tﬁ@\ﬁl LN TR She PresenP iR Bitof! distldsdlaafln calbiofilof moiré
enerate in their superposition two- di mensional noire
based lmteehrrxlstm voricl tHeémseolfayany fqmetl by heudsdoteperating o8 giaplepatterns and
s letters, t he

the thHRYBE 8B ® TGRSR DRTAAE ob HRBEEY JHe ST ARingds oy in FIG.

1A EreSH %n {%?1? HnésaMeﬁaile%h%pERﬁ@t’ﬁcﬁnQ rthesﬁbafqh@ga@@l@ fAflve a width
eac er I'n"reflective node and with a revealing

—11 AYRe n(o@xﬁl }t&tﬂrrmimpeafsemtmgema dnitargerdeambtmsfarmﬁlcu*rmmbl patterns, are
i nventions) enbodied

veryorelaphiedsba e faich mora gl i Sblg 1 esk AR & Brepipi gl Hanspatent lines
than tﬂ%ﬂgﬁ)gﬁﬁnct cp Lﬂ& scrdell! cﬁ'm@%ahﬂé Il}mé gfaltlﬁgt)ﬁﬁeljid@ﬁtand aperture T

00 TOow an ere oret e noire ear|

(FIG. DX, Shdxletative amadsti dfilight abiléto phds M@u%ﬁ(ﬂzﬂd tSpdent part of the grating is
PCT/ 1 B2003/ 004202 these inventions, the base |layer is

T /Frdigea aﬁveahwra@md& o das Scrserhil  diorigenially aesl Ve‘g“e?aéléﬁ?peated cir-
culagﬂ%ts d)\zltha 9&1 ﬁﬁﬁ? yvetic Ver ¥etlgi:om ée%g) SIE%%@ wshb% ﬁ& éﬁ@fnggr T (FIG

1B), Cth@?éi&d\%reﬁno&llk of Il§htch'blel 18G58s m@&lghhﬁe phapednt gdit 6f ﬁlBaE)EScreen is
is limted by the 2D frequency of the dot screen,

(e /iy e /D). Winicomppefid o twechethsds, Ehmefgrghgr alldwe (ZDt )*(T/ T ) times
frequency, the | ess space there is | aci ng
more fight tg h’&%ﬁe@fth 318 2peiHER tfs%lﬂb‘? meowlmw cggﬂa M@P%?Pn With an

ape lﬁjta a? Zt n{/ ?b?‘ltgrgéesl %%ﬁe glﬁt aI%) sse%rﬁgotﬁ%a e th%lp % r{rg afffture than
thro@g?ﬂ ih% r2'f§cﬁ’du$dr@o?sdﬂéh‘i|1e Wlﬂpz!ir{@erthfdﬁﬂ T ¢D6ﬂl/6| @B Sorrkdponding ratio is
l ective node or in transparent node Wi t hout a

7.6 hncgh/ﬁthtaatﬂpertultehﬁ prEskif, thacemesposdidg satiaisel 227. ferse note that the

of noi
smaﬁer tﬁg é/rture the sharper the revealed moiré patterns.

It is well known from the prior art that the superposition of two line gratings generates moiré
fringes, i.e. moiré lines as shown in FIG. 2 (see for example K. Patorski, The Moiré Fringé
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
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based nethods, in which the base layer is forned by
bands incorporating original patterns and the

wo eweabdsny | ayer is nmade of a grating of transper/Eo3/004202
Iines Such a grating is showmn in FIG 1A where the

pattexgﬁ gla%go%BraQa‘titgmf Bﬁcﬁ‘ ae\;}clém]nﬁvﬁéﬁgi 5"%%%‘%;&1?%3 1 ‘%ﬂg it& B&respondin g band

gratm%aiﬁ 1Q6cﬁl'?oraﬁﬁg) ie&R A bandthehertkallpcoapressed ahd ﬂnﬁi)mdﬂm:brs EPFL are
nal patterns, are -very well visible because nT
shownpP@en wgwleﬂs\mdba éeweah%b@e EriiBe A ancyeaRy ghsgrveon the left side the
well lgr%o%vg)z glrr%gr}n 35 glf}cé 8{‘ éh:? %@Q g(ﬁn? foré ]@ft&g% ?% gﬁl‘lﬁg \ghlch are an
enlar@ddBdrit U@ trhmsfortriation oﬂt‘h)s lettdﬁeloba‘bain (she bamhalnﬂs dfhe‘sa Topimt] moiré pat-
abl e to pass through the transparent gart of
terns Gt dxav e ghei seme; orientatipip anch rangtien Peipdgshe ﬁ@lrﬁéeggf‘éf% FIG. 4 gives

dot, scr I
e fRaRE G L R P BbeaPRLILE, e R B graing
may b@ Rétbédpt Giek i@fsphrendBebpotttdndaplabet oditapref the Hasd Fly&. The reader
the relative anount of |ight able to pass thro gt
may vmfytﬂnaa n\sh@a shifiingothe revsplinglinegsatingoyeaisallysthe paqd maye patgerns also

unde%o) %\\;\%rtliaj /shﬁf %ﬁ%{l&@ Che %@Qea{fﬁ% hﬁgsgmtﬂllgl {H%%aga A difdSatterns are

subjdchfoQtihBarid SarriRREit groeaxtdmmatlbﬁ 1mmelsmnﬂmmleaD
circular dot screen. Wth an aperture 'c IT of 1/4,
5.09 times nore |ight passes through the line grating
aperture than through the 2D circul ar dot screen.

FIG. Wdldo showabattthe basofband layer 6ofr more precisslycopinglepehel bage bands) has
rati o | with an ertur

an /.
only 5 HRSBERERE SUPRITPR: oY el Thr ATt $64Ee between
each HIRY isqfnnwaeom%a brflesheﬁehg nd Bﬁeftﬁ?ﬁmﬁtb‘@oﬂ A¥8adhe GorfEdidesof the band.
patterns. known fromthe prior art that the
Thersﬁa)pfﬁ rapiafgetnumbeof)f pmrﬂls, fier fgflampifhg e Xy sendersec@ayrbe place along each

bande L iiRo LB} iSRG VR RECORr iy o Fuffeqied luhentcation
metHoHS ?éi%uﬁ% O%Q% diRRnsidihi l@ﬁctuﬂe@ (U1e Paf. &L B{240/588 Nitd Edhtinuation-in-

we ex he concept of line grating to band
part Gr&itHandgNo. A 9943 8oUS\piatenh application e 9819813,4¢3 Awmidrpy ¢nd Hersch, and

. .Jdnsta of. a_lipe A of period Ti) and na
n Uﬁ@&%&@%@%%%&%%g? Sgﬁﬁ}fé’sdngﬁ'y ki nd o% patterﬁs,
whi ch may vary along the band, such as black white
patterns (e. g typographi c characters), variable
In th%@%c%% '"@éom PFHARE Zni i’ré@@@%&@ﬁx%@azwvealmg layer made
terns an atter or exanple, in FIG 3,
of alstra@hghﬂé gruymg xsemruﬂ trahspaa’:mt liaspogedenatys larbdnd QPARE] magtem a linear

wangiaaRPR ob e p et B e R preie WD AN PR R fenstormation
com%%e@ o Jnﬁfgeg}éédt?%%dshggr Ihdirbits, 33d pRRELIG ANSHRRSRS ¥ethebriginal pat-

left s known noire fringe 35 and on
ternd.he right side, band noire patterns 34 (EPFL), which
are an enlargenent and transformation of the letters

| ocated in the base bands. These band noire pat-

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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terns 34 have the same orientation and repetition
period as the noire fringes 35. FIG 4 gives the base
wo 2008036507 FI G 3 and FIG 5 gives its reveal i ngpCHIBE2003/004202

The revealing layer (line grating) ‘may be photocopied

OfFWyBB@ transparent support and placed on top of the base
ayer. The reader may verify that when shifting the

revealing line grating vertically, the band noire

patterns also wundergo a vertical shift. Wen rotating
By rdtdtihgl tRY edlehlit lay¢to @hisaghotw e iainél parternsempdify dreirshape. Rotat-
) are subject to _a shearing and their glob?l ) ..
ing ther rexpaling layeri modifieoihei angleyandghereiose thepragsfogmatian, befser original

t t e I : j i :
shand 37 gblif B0 yRAINe p ok BhidPeFBE R fepings,  BhRuion of the
moir€ BARAO AR sty obthe peyitéquttdin. Therefore, while the

space between each band is limted by period Ti,

there is no spatial limtation along the |ong side of

the band. Therefore, a |arge nunber of patterns, for
We descailrp Ifiest het goometiarof arediss obtaine by phesssiperapeifign e hase layer made of

.band. Thi.s i n_inmportant adyant age.qgv the. pri .
o i o o A AR AP LRGN Sl 18 e e
how [EbMAIRGuPAL AP niliifeE BS 'aﬁ{)@ingsgebﬂﬁtﬂéft%sfoﬁn&iori'_s’&b thé\ease layer and

6,249,588, its continhuation-in- part U S. Pat. No.
possiblyo03hé&B8¢calldg lgeerent applicati on No 09/ 902, 445,

Ami dror and Hersch, and in U S Pat. Application Ser.

No 10/183' 550, Amidror). In the section "Geonetry of

strai ght band _grating noires", we show th a, .
Pleaseqpésaiinhf! fraydresrhauingdiases band patigies apf rvegfing lingyeiptng layers are

r
sionfly ¢ ERPR{ G 1p BIET o BRRGCBY BT Ao BRD DA VGl AREdpoRiRce of the
moirk pattdres] Hvidver it feal secdtityi dboaietits,ths basethiand periods (T1) the revealing
~ transformation  conprises an e Iangeneqﬁ , FssLbI & K
line grappgPerRfls e Whlhbe mpich 18W§%€2£?q%gl SF1Yt Eﬁcg 1i%g ilﬁ‘8¥ss’ le to make
I . ;

photfBies o s birk it SR AR o B OB AR

tion. FIG 6A gives the revealing line grating. It can

be phot ocopied on a transparency and used as the

reveal ing | ayer to be pulerdinblogyof the base band

grating shown in FIG 6B. FIG 6C shows the noire

patterns ("I 2 3") generated when the base band

grating and revealing line grating are superposed one =
The nmtsequro§ dotienat nefers tAbaikmgtes, theeksz brstalaperasseciyifing, jdentification

shown on to 13 WO 2004/ 036507 . PCT/1 B2003/ 00420 f .
card BB i T ORNP RS KB P GTob A T LblP BRE e gy Bch as opti-
cal dAY €DE, m,eso@@sta}@ﬁé'&gg@%ginaﬁcﬁlﬁﬁbducﬁﬂ 826 wiieh ated ton@ protected

the revealing layer nodifies the angle and therefore
by atsémirity devséeo Anmrudty dbeipmmgmsgullgying to verify the authenticity of a valu-

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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shape and noire shape, yielding a transformation
conprising a change of orientation of the nvire band,
wapasasasheari ng of the noire pattern. W descrPOBEIB2003(104202
the geonetry of noires obtained by the superposition
are oftdn @all*é& Zteln?aﬁﬁ’ rHéY@ﬂlﬁft&f bilével hapat (@?Sﬁteﬁﬁ@dso”aﬂw bk and inten-
reveal 1 ng | ayer a straight Tine grating. Then
sity “Wefoexyili®) are chbwlmtmmt al n curvilinear noires by
appl yi ng geonetric transformations to the base | ayer
and possibly to the revealing |ayer. Please note that
~all draw n% show ng base band patter ns and reveal |r11
Printqd imagey mey gprlagﬁér@%h?ténda& FQ%H@ (Gyatn maRgad Yelodrandd %5 gener-
ally € Al Q! H&Qto?qgr@fs)t Qe AvhBQR1A8 @0}6% ifeY cbf¥8s which differ from
pear ance of noire patterns. However, In rea
standﬁﬁcdd)[dﬁ)y fetegampRifiiordsbent balses (ixéisy) upes-viotts cQI’ﬁrs) (irtkspas well as any
revealing ||ine grating periods céTal be nmuch
other|spegizl colpaksuel ap molalis orfridescenficolass G lfﬁﬁdossu ble to make
phot ocopi es of the base band patterns with standard
phot ocopi ers or desktop systens. Term nology The term
security docunent ref.ers to.banknot
The 5paRate wdiecy TR O HEEM PRIG AR By o s GaS B pldidilarcerns pro-
| SNTBSH RLGF bhse Balhdak@ caREEb:Se bend layer) and
duce&B tlf‘gbslug&grtl cl(%’;fsag(agﬁiél &xgrgaoptl - cal ﬁdl sks, CDs, DVDs, yen
of a 1$ma‘ gragmpagpthe kexgeng hnydi. The tosme derd B0iré o bnduiosH pakags indicate

o B PRl S5 hne S PR Y R g e o
base BinR aM@b¥a r@RhiEnd N miRE a @ dthgdrsigedri ty device is
I ncorporated into a docunent, into the package of a
val uabl e artlcle or into the valuable article itself.
The term "image" characterizes inmages used for various
The use posemay sumprisesseivetalidiffesdnt sats of lgasaphtnds; Piffexentt sets of base bands
or nanment aI Batteg}ggerr epr oduce on. vari

are CRarGRRER PP SPTBJALerR T Al A C- S ORIAION. period or the
geon%?%cggﬁr%@n éﬂafh‘%&fr& th@ iaﬁout of |ar§€9&50umﬁn$@%§se%a§tl§lﬂia? vary. The

gray e color) or nultiple
term€ anoehse (oendg” oR(se bhmdr gram@’@sf) equiBsddntchannel
conprises a given nunber of intensity |levels, e.g.
256 levels). Multi-intensity inmages such as gray-| eveI
i mges 14 WD 2004/ 036507  PCT/ | B2003/ 004202 are ofte
In the prdsewf lb‘ﬁ“élﬁﬁ,p@e UGeln {{H B tr@rgratmaSéwgeWﬁ?g‘é@V ("‘eh’@ gratl“g may be

emb%c{r}géf Q\z? %é/t §f Qra{l{?a QlenPli i n.g!’g{d Hhe 2@ onl Jny a&ue 61‘;{{artm1ytcﬁ>)aque sup-

I mag
port $4. & dAC 000 nz c@l:imﬁit; mim@emsteapr e Idﬁfﬁ\acta\rectldyicas lacting as cylindric
gener- ally odi ed i nks or toners)

with. -
micralgAsest %cpm%trrae% Jedrse H(sreaé of gs) tein e SRURS ft}‘% ety gating of lines”.

In the present invention, these two terms should be considered as equivalent.

In the literature, line gratings 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 /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.

15



standard colors), for exanple fluorescent colors
(inks), ultra-violet colors (inks) as well as any
wo@ehen3@peci al col ors such as nmetallic or iri deGDEB203/004202
colors (inks). The termnmoire pattern image or sinply
In thé‘fgllegﬁlt ﬂ%sllﬁo& hid Q&Eﬁé'tﬁeﬁ%a§é‘§an’@[§’ 'aﬁ@ hﬁé“g¥aQ1'hE§ nﬁ&cbefrectllmear ie.

by the 'superposition of base

formdabiserelymetgely aﬂr&ghtdmhﬂss@dﬁs@hbhm, maqpew;m@mid e. ffrmgd respectively
line grat as, t he alin The ter
by cusid gy & rzslac?»evmqsé et iBonottuitsasiiad farl ol e MG of coninous
lines. %R %ve%?ﬁ Qgh{t@ggﬁﬁgf 65 Hﬁd@ﬁ?lrﬁéﬁﬂiﬂ&?ﬂn&yanﬁrbﬁﬂ be able to produce
super os I O ase layer made of base bands and
band(iaimﬁ m&m&l ing layer made of a grating of lines. The
base | ayer may conprise several different sets of base
bands. Different sets of base bands are characterized
by having different geonetric |ayouts, e.g. tht:ﬁir . .
The term &priningbissiot fanied & siaditienal gEpiRE Progest AR pthdeposition of ink

o  URTELEE U s Y e e b iplnegy st aiow

ing to Bi3&® alARSmIsrab kigsfetd Riedtlithapaloarni subbirate, Her qs)daﬁqﬂmengravmg, pho-
invention, we use the termline grati ng in

tolithagsaphy hglﬁee)@)ps}tlpmg)fnﬁy)tcbéensgwgolap@a, 559 ings @eth %qatmg, embossing,
aren
hermr TR L el ke B, 80, P2 D O

cylindric mcrolenses or by diffractive devices acting
as cylindric mcrolenses. Sonetinmes, we use instead

of the term ThiBEoAERY P SiraleAEbhRd Bratigahbines Of

l'i nes" In the present 1 nvention, these two terns
should be consi dered as eqU|vaIent In the literature,
line gratings are generally set of parallel |ines,

The ¥AHfife %Nen i FIGs Pakend m(detaﬂ th\:h ith@s)upp@bnltl()tﬁbﬂa b@)a bagd layer 71 with
hal f the full width . a %IQOftI 21 band
base |bgnd p@rlcp} TLapd a,rﬁ‘{F@hng iqy@hhner %@HP%V d‘“fhh]é“el peﬁlgd TZ produces ban

mmr%p%{t 9934584, 9% e{ &Xparhﬂ% 1ln§¥&resof hd at[&ﬁ@(thé(ﬁglt‘!&) q&!ﬁted in the

e transparen aperture) be generally
baselban@y, whbgrthd fransférotatien aombasek /a8 enlhtg’cmeht $incerthd fey@alingrine grat-

ing k{ggteailgrggreﬁfé{pgglsg tilglg H{eggg%gngigg iTﬁT ggbeli%gfﬁg ggp%c?n%Qnstances of base
bancgﬂrr]iglfé%lgscat sh&i\éF 19§¥ Hﬁ%?erﬁ‘%lhﬁ\% RitfoXd Wﬂgfn' the BAHRh@EE,

ative sanmpling wd may cho- sen.
15 WD 2004/ 036507 PCT/ | B2003/ 004202 In the pr esent
i nvention, we assune that base bands and |ine gratings

FIG.®3hob8 th €id b€ phtterhs e a tfagsformation of éispaddinaldaye band patterns 81
strai ght bands and straight |ines, or curvi {ﬁ ear 83... of
that areéocaﬁ%irlﬁé’ép presqye empodiment wiship eAcbrePeiIl AhgiDasE bouly 82: 83, 0

g J beeRflfe. Singl
the l?)afse ?8?1‘% } 813 gﬁ %1{ngel%1d %k?wltﬂgls nl(al;]VéélL}a? ?gndggftgstgld ﬁgE Rayeﬂgﬁ e. Single
base e cxbmblet 8T (ri¢pipeeatts Masrepaiitiet patteriselmibeezenerapraduthe 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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band noire patterns. The term"printing" is not
limted to a traditional printing process, such as the
waelewessdshon of ink on a substrate. Hereinaft ePCT/IB2068484202

a broader signification and enconpasses any :process

allow ing to create a pattern or to transfer a | atent

i mge on a substrate, for exanple engraving, pho-
EachlifdividiQos-aRM of kh<Obind R Bj, B), 85,..Abgiven dgnmictianeé of period T1.

nmedi a, etching, perforating, enbossing, thernoplastic _
Withé12 C6¥s O Renerdlity,| wé ssamsié éor, the sdkejoé the ahplangiids! halpasepands are hori-

etc.. The geonetry of straight band grating noires The
zontabyi gnibeis bgnndasies preppralleliodhed@xisn detai| that the

superposition of a base band layer 71 with base band

period Ti and a revealing layer line grating 72 wth

i i od T2 prod band. .o or ne . -
For the gres®i Sl ATHOD bt Sor iR b e TppAchuf bl B, B,
B,.. !%rg??gr}l?lg sk rF@?c%ﬁmsza@pﬁ%_bWBﬁldt@& Th tR pFeRENTRRALO(FIG. 9), the

riyses an enlargenent. Since the revealing |ine

transBiBh is é_?_geﬂa?cﬁlfﬁ‘ th HedRhd PEEAtAGoN Znd thaBorrékpoldisg traasigtion vector is

perio , I't sanples different instances of base
(0,ThHand triangles at successively different relative

positions within the base bands 74. FIG 8 shows t hat

the noire patterns are a transformation of the

ori gi nal base band patterns 81 that are located jn o
The révsalpre bant sempdsaphe grating: ¢ %né’é%\ilﬂe E%L!?ﬁ‘ {8 Seéfwb‘?{‘ethe“ width

base -bands 82, : erds g€ FRll, 1995,
becougp ij%%f"g'vm l|’ %e%l%}]gll \]/3 ?%:Sglm’b an d?ﬁﬁgg{j&lﬁ Ltﬁﬂa%gng, P%.
pp 1262023, i105M@7). Sirpe Eneshigsk;, Agnchre defimpiderygheir Huoeqotean es

non repetitive patterns. In the general case, the

patterns incorporated in successive base bands should

be simlar in order to produce noire patterns which

are a ty=apshehnatioi2(éaxadudi ng an enl ar genent) of eghb

base band patterns. By purely geonetric

consi derations, one can derive the transformations

bet ween the individual bands _BO

Bl, B2, ..
wheitricioaporega siy e giieg o e 5 eI HEE B Wividislapg b tan £, where 4

band ace nd the x- ace. wherg t he..nmoi.r .
i« g PaRabe RS 3% Al BRSSO B BB gl e
. i . ﬁ @ zh . 1 b th l
assofl A et e ey B e e o e and

bourglaag ofitpnB®, aBd linBAnpylsd ko GIlGeN. by one band of peri od
Tl. Wthout |oss of generality, we assunme for the
sake of the explanation that base bands are hori -

zontal, i.e. their boundaries are parallel to the -
FIGx-0eshbws tHapsuccessivoliosehg, Lgelorretof ihe réyq@ﬂlag Ling gﬁl’tmg\éample within the

assune that successive _horizont ands BO, B .
parallelogram Py’ of the base layer giftlgrent %annds %0, B 1> Bo... gmbe ver%ibal bands are repli-
cates of band BO, the revealing line grating samples different (replicated) instances of the same

base band patterns.

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

with the base grating band B,

Line segment ly; of line Ly intersecting band By samples the same space as its translated ver-
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B2.. are sinply translated replications of the base
band BO In the present case (FIG9), the translation

w0 go0pesgsendi cul ar to the band orientation and P¢EIB2003/004202
correspondi ng translation vector is (0, TlI) The

i & | j EAtheHand BIGheiplds M@Ssame space
ston {Oégﬁ?)e%&]?ﬂb%xgg%gn%lgﬁﬁ? rﬁqei:h? QJ\%\/iglgtt@ ;ﬁb&begcomssm i nf |pni tely P
as itsStARklatedSRRIdR 1)) iBbad@ypkic,, Two Di mensi onal | magi ng,
Prentice Hall, 1995, pp 120-122, 125-127). Single
lines LO, L1, L2 .. are defined by their |ine equation
y= (tan 9)x + k* (T2/ cos 6), (eq. 1) where k is an
Therbfoks 8@dcegive 1@ seh@ents dpnf ifiestihdnteisaeingband B samplenbssame space
have a slope of tan B, "'where I9 is the angle between
as thtinemeslhiedesrsions 1j;h&hizassabllishes aylinear mpappingt bedeicen pasalladogram Py
generality, we assune that the origin of the x-y
and mpodlelignem & dgcstedrvithin hend Be i nt er secti on between the
| oner boundary of band BO and |ine inmpulse LO (FIG
9). FIG 10 shows that successive |lines LO, L1, L2,
of the revealing line grating sample within the
Simifsakyads sepwgimFIQPOL, BfinephmapR{es exigly Setvwgen parlelogiahEg and parallel-

o Bt 4o g B g e RS gl eam
o el DORSE D 0 W S s o
By F}leé ts{gxgldr Mhse tile ;gigalgifl%%érﬂﬁ IQh OmOEng Bardd B Careldppew Ifgi Barallelo-

se grating n e segnent 101 of line
granis).EhaRGE P BaRBB( aBd 56 8 pdred thdiBarflge space as its
translated ver- 17 WD 2004/ 036507 PCT/ | B2003/ 004202
sion 101" in band BO Line segment 102 of line L2
i ntersecting band B2 sanples the sane space as its
Thistes@BBRE @dinka Bapingl®idte doaffinn thaBeingefrom. the ker phmr @mprising the

successive |ine seqrrents loi of lines Lj inter eéé(i) ng
baseJine R BingsRIiy EntyhePlatereomypising th%@%ﬁe?%rawféﬁs%gf f the transfor-
versions 10C . This establishes a Iinear mapping
matiggt ween paral | elogram Po' __and paral | el ogram PO
| ocated within d Bg.p|Sijgi larly, as shown in F{%&)
11, a linear mappingy exc%sits bet ween parall el ogra Pgl
and parallel- ofgram “14, Waral | el ogram PO and
paral | el ogram Po', parallelogram Pl and parall el ogram
P1', etc.. The parallel ograns maki ng up band Bo are
mapped to parall el ograns making up band BO . In a
are cbtaihddiry erdorcirg, the mepypiag af thelfixgd pomt (@ T0orpd T hapdxd et ®int (x;0)
1 are nmapped to parallelo-
->(x;, T1) (see FIG. 10).

These parameters are
a=1,b=0,c=Tl/x;and d = (x;-4) / x;, (eg. 3)
where A = Tl/tan 6.

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 6) (eq- 4
y=T1I
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grams Q' making up band B 1' and so on for all the
bands. This establishes a |inear mapping (here an
wa@bdosnsssomppi ng) fromthe x-y plane conpri si ngP€TEB2003/004202
base Iine grating to the xmym pl ane conprising the
Solv1HET6r%cg1€f§r ameters a,b,c,d of the transfor- mation x,,,
(eg. 2) y,n c d are obtained by enforcing
the mappi ngc Ofﬂ/ﬂﬁz &J%mSza@pnﬁhe&]AﬁJﬁlb -> (A TI) asgls)
of the point (xi, -> (x1,, TlI) (see FIG 10).
These paraneters are a=1l, b= O c = T1l/xi and d =
(xi-11) /xi, (eq. 3) V\,here d =Tl/tan B xi is the
Recalf tﬁﬁcﬁ'aﬂﬂﬁﬁg B Of. drdGahdlited $®¢1Eht@§opf>add]B(gmﬂxefdﬂ&e,umbﬁé bands B;’,
boundary o Kand Bo, i.e. Xi is given by the set of
' CEIERU L 04¥6 alss réplivatedpk mbir€ Tiahd Bgs Acchidirgen.FIG) 9, pardllelapgam Py is
WO 2004/ 036507 PCT/ |1 B2003/ 004202 Sol ving for ves
mapped te @ar‘ﬁ]llélbgmrrB?o -1(x TR band )Bo” windat tB& sarne (@q to @)lra&el@gtalm Py’
t hat bands Bl, .. are_trans] at pl i cates of ,
moirg bl B9’ Thﬁr@f@mn@re bodBe’ Fdraslaisg: y (0Bpin respegy tg moise band By,
are acliso rﬁﬁ ﬁat es of noire band BO'. According to
wherg:pegoge m%é‘? dPogram PO i's nmapped to paral |l el ogram
PO" in noire band Bo' mnd7at _the gane time to (eq.6)
paral | el ogram Po" h & i 5ABi £ Pappg B_I . Therefore,”
moi re band BO' is translateéd @ﬁ)e—rh respect to
m)i re band B 1, V\/nere accordl ng to FIG 10, h =T2 T1
(eq. Si N6 Xi SI gmz g
Tharke ma%@f: hﬁa%mrp@lr}grnﬂawyytmx Ylﬁ‘;%a Vi signuiigapt g%t 5H?Sf1P%aé?1¥ within the rep-
t
ieat ARSI SAEEI BN Then R Loy i, EF AR M B4 Bang o pat
ternsythél drigisalgmtermepshesredhaniarged, and possibly mirrored.

Theoretically, when the revealing layer is made of lines being line impulses, the band moiré
image is a sampled and transformed version of the patterns located within the individual bands.
However, in practical applications, the grating of lines is a rect function with an aperture 7T
([Amidror00], p. 21). Such a grating of lines used as the revealing layer generate moiré pat-
terns which are a transformed low pass version of the original patterns located within the indi-

vidual base bands.

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 ly;', by 2* s
the location of 1y;', 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 origin of the coordinate

system. Up to a translation, the moiré patterns remain identical.
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terns their original, patterns, sheared, enlarged, and
possibly mrrored. Theoretically, when the revealing
wo 200e/03G587 made of |ines being line inpulses, tPer/mE0eB/004202
noire image is a sanpled and transforned version of
In thé}_é}ﬁcﬁ%és@ Wierd @6 afaRd FYHtlhE'(BasE hgyelhid\thél bdkalddiid§er have the same
wever, in practical applications, the grating of
orienfatines/+@ (and sstmingmottianslatidn bctwnerawmsawe hgpyizgntal bands,i.e. s;=0),
([Am dror00], p. 21). Such a gratin | ines
the mokré pﬂ@ﬂéaaﬁeﬁgnpla;ﬁe\feﬂgéw sealed vispipe Oggle -Pajtgng §"\§ﬁ$‘gﬁ m the repli-
sf 0 f
cated%gﬁ eée @Sgrtic% fé%fo?] (/7@ L??Qg ?g' %g‘lﬁé sily verify by
s1mp1@h@gemic adciS@lgahdug&thb ynatntmioas ehat hie Aembad T aT2 ol ], the param-
band Bi in respect to its previous band Bi-1 by a
eters m¢qi @ e c=Ganddnd2/({hdlef fect of translating
horizontally by sl the location of 101', by 2* sl the
| ocation of 101', etc.. This yields a di fferent I i near

[ wh | d f
ric. SR et RS S ot S Fidbab B4 TShgAt Bhe ancs
with Eﬁtﬁlﬁd 19 aﬁ&‘ﬁch@\S% hiy rég/ehﬁ')éﬁ% redBedR el "P" AMGhE phekgrd Bﬁlamples the

I near transformtion changes accordingly. We
the pbrxai1§12a1f| thg reviealingelaged isrmgoditigd rThrmca}sggfnaM. qoysuipr@d When the

th di nat U
o Bt LS R R S G L
In FIE}CT?/S Il%:io /rgt%l@gg’T'l s 0@9 'Plﬂﬁoth@!;caﬁﬁ§ Eactdral=a/t e /band equal to 1/

ase layer) and the revealing |ayer have t
(1- 1/629!5)3: l@rTlEnmatrB q:tattelﬁs(ﬂ%()aan@i tlmsglmrg@ inage phis Qﬁsqz @ﬁnd patterns

bet wee sive hori zont al
(d<Oppihen ﬁﬁsﬂe‘ﬁgé) thereXsaline Javsr (Y F? P 8@4‘3 lﬁ; %§ec%afne oa a\igteorfs‘,3 ?%nbase band
and t% s&hﬁg RadtbEis @ﬁlrﬂ!@bmﬁ%é fatib 2/ TER| superé@tted, @ $8oiré patterns are
pbands, "where the vertical scaling factor is T2/ (T2 nmod

the sqd1yd baSn @amapattem InFle t 3.134 thy ratiq WEI i l&p AP thgsepling factor d
s coudy 30T rflﬂlée PR 1 20 P B g i oy s el foctor 20

T2/(T2-TI . FIG 13 illustrates a vertical scaling
exarrpl e. FI G 13, 130 shows a succession of base bands
W1thv\ﬂx(t§1 Pflr fn%}lo}_'to S’[‘niqa TRCPI PR 3, NG 6] tH@lSz{sb ®ahd Yatterns are sampled
uce etter "Tn"the present exanples, the the
by e revdalifiz 1ofes bﬁélerrewahhg lageﬂ fayldhelr gommgpﬁdx@rev%rﬁy:@mmre patterns
cases na be con er T2/ T1
are (i iore Bt Goa, B HAsares W RLPRg e BOI R Fgiergs Minrored
base:?%ﬁ‘t}\ shPRSSe Pfﬁ)%jdl?ﬁwl%%rcelderhnﬁ InfaykRerefodd be b ¢a8ily Bidden (see
1 is 0.95. Thus the scaling factor d=1/(1-T1/ T2)
sectibs “€qméainet enultiple pierdtAordtind-m@résDhe noire patterns
(132) are the mirrored i mage of the base band patterns
(d<0). When T1=T2 (133), the revealing |layer reveals

exactly the sane part of  eac rl, se band
Generation of ban pattems

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

bands B,...,.Bg yields the moiré parallelogram P;’ and over base bands B_;,....B ¢ yields moiré
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and the scaling factor is infinite. Wen the ratio
T2/ Tl is superior to 1, the noire patterns are the
w@eakmesbshase band patterns. In FIG 13, 134 t he PEX/IB2003/004202
T2c/T1 is 1.05. Thus the scaling factor d is equal to
0 -

parall%%lg{e{eﬂrf %Q s!(;:&a‘{%e%% ﬁhﬁgl&g‘ﬁﬁg oia!.Sa%e bhhgd gﬁr%g\tfe%?gﬁg_czelsgll_\ie moiré paral
bk%ﬁ@ﬁerlor to 1, i.e. T2<Tl (FIG 13, 136) t he base

band patterns are sanpled by nore revealing |ines of

the revealing layer and their correspondi ng reveal ed

noire patterns are therefore nore accurate. In this
Sincecths Eorwasd mfarmablefmmrband pattdraste meirtipatiatnsds keown, the inverse of

M rrored bas attern ar re diffic
the A 81 o %wec@ay%ws i Pt laf oL Poy ol il P hang pattems.
I t at band "
For (LA e %@*"ﬁ@“ V"é‘g‘%ﬁﬁ A l‘n’EorSEra?‘é!?ﬁe’
IeI g}

basis | ayer wt ngrating BO, BI, ?ﬂd
tthe revealing I|ne gra g?

the revealing |
"P0, replicated over base
bands B1, ,B6 yields the noire parallel ogram PO'.
The lmquheteatarmg:paqmd) |ret G dros Pndosver/sadk bands B_
1,...,B 6 yields noire parallelogram PO'. Simlarly
The fe@Bﬂse G@hdafngnalmnahhyebe) gsafni fot comvmgﬁ@ patiarnddo Be generated in the

yields th ire 0 ver
base biis SV BnEveHAGEE (F SPvrelng o 8 VB biEn b s Bk poise pat-
ternshat s H%ﬁggg/ Q)g%gﬁ ba%ﬁ?ér a8l Meﬁlmga%er Successi ve
par I'el"ograns of base” band BO cover successive noire
paral - |elogranms. Since the forward transfornation
fromband patterns to noire patterns is known, the
In ord&MBdefn@fhe bakcandBihé teveslingdayer® oapacedsite defirecthe enoixépatterns that

transformation fromnoire patterns go ban%ﬁg ns
are tpdre Yipaliged, srdin theamere Dawts SAOWIRG Bt Bash fﬂﬁi}f ograms P; are
mapé(e!fi? t()%gxﬂfe) g%\ﬂd)ragzﬁlcﬁ%r‘qrggﬁ ’g‘?& ?nE?ﬁFi \)% 1€ 0Pk bafld nire" pafterns and
thelr c g?%f@r nsﬂ?tﬁagenbzmay e g ﬁidélnc{]@l@ s%l@&ﬁﬁ{b g&b&é@%and period T1, the

era In t
reveéi“ﬁgfllr&\geiti@l [d:n\otitm dntehe prefealel nogle &y@ood wiills que oblained with peri-

the desired noire pat- terns at a ang bet
ods Bhead |Tgy\§lp1claﬁgryr e le%ﬁnqlla%pentngg(s g‘( @)f ﬁ{’g @éhould be

Sma‘ﬁ%%‘ﬁ%‘%gg%’%@?n@efﬁat kng | ayers, one needs to define the

are to be visualized within the
noi re bands, know ng that base band parall el ograns Pi
are

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 patterns.

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

ial moiré pattern image has been defined and the preferred orientation of the revealing line
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mapped to noire band parallelograns Pi' and Pi". The

| ayout of the band noire patterns and their
w@orore3gsondi ng base band patterns influence theCT/IB2003/004202

sel ection of the base band period T1, the revealing

gratﬁ%'?ﬁs Sée%tdhe&npﬁﬁb&glnggom d %n@ﬁﬁfa@l%fo%?a b Gn@?l(}.%d, 121) are

sults are obtained with péri- ods Ti
mappéd 1 8¢ Yakypaaltei®drhmp PF (8 MGURH, 4292). ’Iﬁ&’ﬁr@lai@%nsformatlon given
Angl e 0 should be small, generally bel ow 30 degrees.
in e@i2 $pevifies eesmagpingl op thiet tess banvepard legising (Fle h21s htoettie myoiré band

para alggxg?r{gﬂgi%;{qg\/\%{: ?@3%23%33%&1@2?&3 k’i&v?}ég éﬁoa%%rpa%r of the base layer
madb RE R flé&ﬁoﬁtﬁéﬁﬂs%doaﬁﬂghm&'ﬁ@’ 121pdi ted bit maps

Incorporating the desired repetitive or non-repetitive
patterns. Variable intensity base band patterns nay be
created by inserting within each base band a dith-

In of:t[e@(ﬂo biBA@a,basé bixal cdpablekofWheltimgar destbd band hirégsitkin gage (FIG.

re patterns will also be a variable mtensn)% i
124), nthg dasechanddmage SoyeHipp pébéma@owdravem@slxehmpl Bng sepnline by

scan%l%g At eagﬁ él.';( tcﬂﬁe{'ﬂa@ﬁg@ﬁaﬂ fpa}mlog?aglgh %&Bg 'h'ﬁﬁre band paral-

non V-
leloél‘?x rp.defd neg) argl vt enBried. %Jc@ﬁ‘iu%ﬂoecﬂé ?ervﬁﬂl @4nskdMhation, the corre-
evedl | ng line " 21 WD 2004/ 0365 PCT/ 1 B2003/ 004202
spor@hisd Fﬁll athebeefrspdidignmoie garallelogrdne PPl iS 18¢catetafi its intensity is
paral l elograms Pi' (in FIG 12A, 121) are nmapped to
obtaba:slepdzsairbw paimadrpelaton between n¢ighboBricg pixeB, Thaipiensikeis assigned to

forward transfornm |on Ven . specifie he
waﬁeat i RS EL e 4 S AleoTED GpasFay BheseingBapmg pand (FIG
12135 h&@lgg HihasO B &&ﬂl&mzm gdeRerbfR€ tHIHEEbAIBGing FIG, 12C).
Space ( 12A). FI G 12C shows a part of the base
| ayer nmade of a repetition of the base band shown in
FIG 12B. In order to build a base band capabl e of
Oneythay olptingiza tiche sigogthnby dssobiatisg fad tueit horizvage p{xel Gsplacement in the
12A), the base band, im yt or bitmap) is
base bagéérds@iacm%q VegiPr ) g oiehad HRfgeRempyleda bexiigao (64 2)- Scan-
v | .
nmg'(gt"leig 3?@,1825 glhoxtl %M% ‘?LEE ogxﬂ% §1r t??%n@@éé&ri gﬁ%%%ﬁm 17A) to an oblique
scanlﬁmrdmgyto biec ¢caobeptted dlqdaceﬁmovdjtcrrgAftcr Ibhrénrig)mnmrfdhe vertical bound-
nsfornption, the, corre- i Xxe .
areg, pf e BRIFPIY TRSEF 6158/ 1o ?mnl%a hoxt QO%IB@%&%@G&HHW position
modgiéthe ARG by hkBan®hloftk ?Qﬁ%lel@ ﬁislzk& R call M KR A §R2q. 6).
et ween "nei g ourlng pl intensity is
assigned to the current base band pi xel intensity.
Thi s al gorithm generates one single base band (FI G
FIG128) shoBy dngpbicCiabiafie dffite padecddanslre/sitecimaiMith, mamevertically repli-
generates the base band grating FIG 12C). One may
cate Fha;;qﬂpapgs,t mtobgqlg%yqrflgﬁﬂybvvggg@étiaaqqslpé t eornglrg ,pptttem shown in FIG.

12Ah% AN ?e!tergl' fésilca(?loﬁg l)f?‘ﬁl%rfﬁgﬁe bﬂtem She base band pattern shown in FIG.

12B needs to be replicated horizontally along the base bands. However, one may also choose
to have different moiré patterns on the left 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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base band a di spl acenent vector in the noire band
i mge conputed according to (eq. 2). Scan- ning the
whame/0b@Ent horizontal |y corresponds in the noi PET/DE0E/004202
i mge (FIG 12A) to an oblique scan according to the
over ﬁ’l%e%\g{é ! ?I caﬁﬁpégglﬁ g&lgfa P}ché&g{cturﬁéﬁtﬁegn rflg( Wl 91 @a@ﬁ b%d of the base
layergi B@nthyy purpsseh@hg mhayhuset the metkivd rdes:tnbe@mn IISS ﬂ)latent application 09/
current position noduloe the height h of the, band
902,275 }reagsa ped ﬁe‘éplé@r%%memé @rqtﬁ‘ée%@r BYATRtTUSHiGss inyentggseR.D. Hersch,
E. Foﬁr L (?ﬁ %@eﬁl’r (i;:%g%\ p LS é W?lﬁ{égcﬂegﬁég:{? @ggfl«fsyéregenﬁ?s_tructure pat-
terns e v hivdse globald mage esyattesized (}iedirt i biamhy repessenation of the desired
i nstances of the noire pattern shown in FIG 12A. To
micrestiveture paitesnsal thalepeihodt geapmtesta CRBPley; dithep natax incqrpgrating the

t
mxcr?sgxblgtug A ﬂtggﬁolrfﬁéz glﬁlféa??%{mnk Fko EE&%&I%E ggg&gcg% gﬁbgla(r)n Wge and produce
the badegayerYInahsesaling ﬂﬂherécblditfg‘wsudh fafdthenhatniwihae theadffeetr clsfsmodlfymg

on the left and right side of the noire pattern shown
the thigkwsess abimdivigyal nuSIASHUGHIENPAUSHIS %qqerd&ﬁ £ S5ofyrgsgonding local
If t patterns woul d need to be
1nwn9hg%§?%@tg%§@§gqﬁ§g% and on the right side of the
pattern shown in FIG 12B. In order to offer a strong
security against counterfeiting attenpts and provide
How&¥er] Jilfhe% ARridels qﬁcor%&ﬁ#ﬁg fidrostRetid Pittclis tiaR HeSynBBSized by other

may hal ftone | obal image (grayscale or color) |aid
mealtsuﬂlegzyel\y@l@o bdwsBychea i gmmaéﬁgxtu@v@se Rither Matrices”

doc I t t
ComRB TR AR BB SH 12Pp S4B BEMEER, i rom
arblch'f')V F%%al@ﬂéﬁtu[@& %ﬁﬁchl@@m .Thdy desig fhlsltk%(ﬂam RquiSbRaiba M6 ensure a
i Cation 09/ 02, 227 mages and security

unlfqmdmtexhwsorqufodld@r duedhpldnicels Onemey,Plgin the gEryeeHe imags from bit-

oo 0 o S o R s v

quah?ih‘an t18J msthba propokedcia 198 Bilt@ﬂil&lpphmgﬁ 09/903,32@7 Hes Im'a@d)vork for sim-
ven a bitmap representati on of the desired

ple paitemest ruct ure patterns, that method generates a
conpl ex dither matrix incorporating the
m crostructure patterns. The dither matrix is then

dt t h h bal
RO R TR T —
sists '?@Efeh O%]@&tﬁe@ Shafrif GhlchQhodel thy ifiéhsitleb 8f ¥é§p&:‘ﬁﬂ@l§/$ﬁ§p£fem (fore-

i ndi vi m crostructure patterns accordlngtot e
ground))’ asleufpbmdatregn badgtounintendingite thevittage focahiategbiohtd be reproduced.

To cifAiergih fBUGR FEA AP AN re0ie) RE RS 8 by Mgl et us mod:

ify the @{ﬂﬁfs & £oan®hy Ak xﬁﬂ?‘ixJRﬂ@xﬁﬂﬁl’%W[het Phatdde bfoducing small clus-
artic '"Text ur e- based Dit her ri ces ut er

tered3etp H{saes HRr Kamg/d])lglta_lsﬂolmb Halftongng, §fl@)?resg,h o 2H+-225). One
may chl)sledto %ca?é gnl?ieposgrglty slh)%t the I8 Yither values within the base band pattern mask
so 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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arbitrary grayscale texture or grayscale inmage. They
apply histogramequilibration to ensure a uniform
wale@uosdsot i on of dither threshold | evel s. One PEl/IB2003/004202
obtain the grayscale inmage frombit- map patterns by
Lol y

The p?ah[[{%nroggﬁ@ f ﬁg 111 erp Yaine ?ﬂ ﬁf n v\g% pﬁﬁ)o}t:&?l;pic{] t‘gﬁ%lﬁtéve surfaces of
the pamhh(fdregfdmﬁd)sm dfﬁlts ld&raqmmng apidri batkigoound9/ 902, 227,

but may work for sim ple patterns. A further nethod

for creating a dither matrix incorporating the deS|red

base band patterns con- sists in creating a dith

As amiflustrationtifdhe reselk.fil6s14,Hd1 |Shft“é$1§ iglqbakingsrzey b@p’@éﬁs%if {he bitmap

f d
1ncorB<§etklgg hﬁ%&é Ortglfengat eglps 4% trxrcg\gse n{f' ﬂ?é ] nE‘lg ﬂfs the modlfled dither

matriR Fitle@RYi G ‘é%ﬁlgle B-é%e Cbraﬁdibﬁd ﬁiéﬁi@oﬁatﬂgtth@basﬁﬂiaﬁd >pattérﬁ$ (mfsrostruc—
consi der the base dgat terns as a

ture).risd- shpvvy tludmeswla’ngl éghfma assttnd davgr. dkheriaee F?é(ﬁ 1S>&he fiﬁhered global
imoc SRR G oA s 1SR AR AL ahons oo

the nité@SPuctir® %Qttefﬂp w1t21i|tﬂea%35hd1vi@ﬂﬂ bas@pamh ds ehet premabﬁeahaie bands
possibly shift the initial dither values wthin L
dlffemecrmaﬁdmb@nh}'ethﬁ Infensiéy o theapatieis oF bY HitIRCASIBHRS theiF Bickeround.

of i ti
one B P b e A0 SRR s
apphézﬁlcﬁsog/%j 227 E‘éet dboRe) 411l ms@ﬁaﬁmmadft thebattéras fraedrotndy mespectively
g.

1) the full range of dither values. Such
backaoum&llrmrétl}’d&lv@ﬁer matri x i ncor porating base band

patterns is shown in FIG 14, 144. A correspondi ng
di t hered base band part of the gl obal inage is shown

One iy sigepEbE S it BTN BUNUOTE tra Vit G ilack Bfthe color ai-

ferenlc® BRBhod dIG1RRY ﬁr?Eﬁl'obé‘anq]’a@éﬁ aplidaliae 89 @Dﬂﬂm@ (iR@dit&s R.D.Hersch,
I]bac ground 1s close to white.. 23 WD 2004/ 036507

N. RBGE, le‘ﬁGﬁlBl 04992, asﬁgleeepya(ateiltlfl@w arid ERBL X and in thgpubligption by N.

Rucy e Bt Pedle iR pBrny (brRgRb b ol BEHYE microsroctue,

Conf® @fpﬁl@ﬁ%@gﬂl@%nﬁ@dlﬁfdﬁfett@&%&iéﬁ d‘eclﬁﬁ?lﬁa@ Tiv] 20094 SRIH §bl. 4677, pp.
the resul't, FIG 14, 141 shows a global image, 142

101- it@ébr esents the bit map incorporating the
m crostructure patterns. 144 shows an enl argenent of
the nodified dither matrix fitted within a single

base band and i ncorpgqr at,, base, band patterns
(microstruc- ture). @ﬂé%ﬁbaPﬂ@“Pg§ultlng di t her ed
base band | ayer. The base layer is the dithered gl oba
i mge and its base bands incorporate t he

crostructure I ' . :
tn o0 RSB BB TO L PRera Saf bl Risoidn R RSB FRRRcar band
moif@FaBeMdNH is kilowh €rofl ReFjurienatalysiask ghrmmdscallyi ttdnsformne periodic

from another by the intensity of the patterns or Qy
struatyres {4vmidreidsy thet theapiré yhgﬁgqugqﬁgsmon 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 r;(x,y) and its corresponding

original periodic line grating py(x’), i.e. ry(x,y)=p(g(xy)). If we keep the same coefficients ¢,
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One may al so create a dither matri x conbi ni ng
t hi ckness nodification (according to US Patent
wa@ppkiod@ad on 09/ 902, 227, see above) and nodi f i PEX/iB2003:f04202
the patterns foreground, respectively background
. ' : , generate col or patterns
asin #hﬁ%?ﬁéégb%gggg%gﬁgg%ﬁtoﬁ?ﬁc )glt%lﬁobal i mge by the col or
dif- ference nethod di sclosgg in European_ Patent
appl i cation 991(42) 70 C.nvemleiE R (® drsch, Ned-8)
Rudaz, filed July 28, 1999, assignees: Oell-Ftissl
and EPFL) and in the publication by N Rudaz, R D
We atdglconkiderPthet @otiett irsifirirtationd ggbyys etvasntdireyelingt curvilinear line
noticeable mcrostructure, Conf. Optical Sequri%y and
gratingoyfd)g mheéits c@etsponding erigiaalnsrigdis seveeling iopgratpg E(Vol .
4677, pp. 101-109. Curvilinear band noires In
addition to periodic band noire patterns, one may al so
Create interesting curveklinear band noire patterns.

It is known fr t he_Four i £€2) S foygeonet ri cal Kag. 9)
t ransf or med pe?%rpgﬁ)ltsc_ ZEI ucg‘t u?ﬂ@%ﬁ%g’&)g& that t h?q
noire in the superposit+en of two geonetrically
transformed periodic layers is a geonetric
Coeftitiamns tQundt | 48 ra3pedtivelyre ceffidenteds the Fomeer seties development of the
original periodic |ayers. For specifying curvilinear .
origitnd periodic seraight lirer grating p;(v's and ek theaeventins pariodjc saight line grating
Am dror98] a geo- netric transformation gl (x,y)
pa(x’pbetween a curvilinear line grating rl(x,y) and its
corresponding original periodic line grating pl(x'),
i.e. rl(x,y)-p(g(x,y)). If we keep the sane
coefficients c,n 24 WO 5004/ 036507 PCT/ | B2003/ 004@02 i
ThengtheisHparpesitmyLbetweendhe P viREYHIG S NG 1P gL 856,1’0?% § curviinear
r)(x, ¢'t(l)expl,i 2Ttmgl(x, Y)] (eq. 8) W also
revea&@%?}&f;({,p{&s Yfﬁe‘}yri c transfornation g2(x,y) between
a revealing cufvilihear [i ne grating rl(x,y) and itgq.10)
rl(gc,g);)r.e’?e‘%)ﬂuwggrl gi abl(b?e,rnf 6@4p¢i27£(mgq(x,|yg+lnggex,gb)ajt! ng
p2(x' ) r2(x, _ (25exp [12nng2(x, Y)] (eg. 9) in
= - Coeffici&i¥ émdnd cn are respectively the

coefficients of the Fourier series development of the ..
Appesringimrifés ey batie &L e by Rgral F‘i”ﬁ%wgt_ﬁ]éltq% if by omybingfipng pf integer
mult}pli](% Jrsy&Stid (I8 nPleth® @ Eh S5 BinBins b8 7 4% k) BmsREALK integer).

My g, (%) = > czkl(l)czkz(z)exp[i2nz(k1g1(X, ¥) + kygo(x, )] (eq. 11)
7 = —oo
Each combination of (k;,k,) specifies a different moiré. The most visible moirés are those with

low values for (k},k,), for example (1,-1).

Eq. 11 defines the geometry of curvilinear line moiré (k;,k»). 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 g,(x,y)
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Then, the superposition between the curvilinear line
grating rl(x,y) and the possibly curvilinear
WO eavdabdsoy | ayer r2(x,y) is given by (eq. 10) PCT/(Bep03y)04202
- r2(x, Yy _C11iCm2)exp [12it(nigl(x, y) + 1192(X,
allowdtd %en aedfe elfr_'vﬁﬁx_e S&1inB indYrathy. M SneyWwoRUGikd! tY BAVEY straight
partial suns within eq 8, 7i.e.” by conbi nati ons of
line gratiregaireveniihg 1ayke srandfosymtion fgih(e, ) may betdeopped. Such
conbi nations formz*(kj,k2) ternms (wth z integer). 00
mki k2(x, Y) _ czk, (1)czk2(2)exp[i2itz(klgl(x, y) +
k2g2(x, Y))] (eq. 11) z=-00 Each conbi nation of (k
FIG. 15 kg2yessqmeesiafipds ofi adiufiinean baspoband, laJ¢reinperporating it word “EPFL”

reveaégno@ypqr esgl%{/iii’nfe h;L_Sn% g\é\g}tltn%lﬂlaeg#rV@'gé"a?fpgée&%gﬁi%yreg g%\iveﬁ gsr the curvilinear
e B e B e Bratngs (' space)
by a patsfenmsonf’ xgfy))nyg =sdyte of Wee typpl ace the curvilinear
line grating by its corresponding curvilinear base
band | ayer ., Ehi*gok$ done by replacing the ori glegal2)
repetitive periodic line grating by its corresponding
periodic base Jand |ayer and by generating i nt@qt
bands t he éattern that are to be reveal ed as n%ire
patterns. Transformation g j(x,y) allows to generate
(e.g. by resanpling) the curvilinear base band | ayer.

To getleftd elcMrvikincARBAseaRd 196 GB(Y, the cuRBlinée} PR BLMABRGE Apace is tra-
PCT/ 1 B2003/ 004202 allows to generate the curvilinear

versddepied by pikel bidsognhidd gscahlineo Ae exuhipixkl) thi eotresphediag position (x'y’)
straight  |ine grating as_ revealin Ia% r, .. , .
= 2, GAs SromEinab AR (5 P A B BB RRISIOR) ebigigeqpy ingergglation of
i BB, DB R b BRI o 1
. t] i1 | . aa. . :
o8 L RgEHY DT JRTACOMTE b o e
photﬁdm'tpidd'rt&da framspaeat suppprndihey ptaeotg the m@r@alhg bné ggating on top of the
curvéiil;neé(r?/tyyes ggn%telg%er?%ﬁgd{@rgatgﬁg%r oatélborg@)éng %r)é\?%ﬂﬁ_ng il%g &f4ling on top
of th¥ lc%r%ﬂ%e!tt?’%ﬁér%agfﬁ?%@t)ﬁe 54?1@0%% iy |rhABEH alRPS Bertitof! tRY Bloiré band

e curvfilinear base band | ayer space is tra-
as well as a deformation of the moiré shape.

The steps to be carried out for creating a base layer and a revealing 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 straight line grating, such as those described in G. Oster, The Sci-
ence of moiré Patterns, Edmund Scientific, 1969 or those described in [Amidror00, pp 353-
3601].

2. Select from the examples a curvilinear line grating or a portion of it as a 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 layer and devise a transformation between

these curvilinear bands and the base bands of a straight band grating.
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versed pixel by pixel and scanline by scanline. At

each pixel, the corresponding position (x',y) =
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the rdgtwmsrt@n@ari.qmgnqaa%pf base pad FﬁVﬁ%lm(gh‘gY%tQ‘}%ﬁﬁ mOgify the transfor-
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imagh aﬁﬁ’mF a;gabd aiRdaldephac andthigh aeﬁﬁcﬂrcmahlnm; pessibbewith tllbeseeband layer
curvili near bands and the base bands of a straight
inconpgrating diffaren fregpengiss 200 riomB%YE- PCT/ | B2003/ 004202 4.
Create patterns within the straight band grating with
varyi ng shapes, intensities and/or colors according

e SRBU 6T DB T B b s v

giveh B’?gﬁmti@n Q@ J@ﬁ? GcBbEd B e WhidiDdePined tReGar@lindr Bidd@ating, or if the
matri x. 5. e the transformati on between curvilinear

curvhae g tasaBsndangkriihgenbassl hendpanie @nstruciioghior bamqale Beredeation of

i :
concggt%g gﬂghetﬁpoqnggrlqyzfg{gdao@lggngﬁraf Iﬁl q?fg{aggg(l%%{)%/}lglg Ib{r:]tﬁ%{en curvﬁmear base

bano{ts A0 SRk { Ofhd! ggatﬂ{ E QAQREYad Q)Eangﬂé bitd ﬁ’%f&%ﬁahb@between a

he curvi 19 near gratl ng ce the dither
set of dceisihedr Gasechemlls delisical tat e, 4,0 vbr. lae@ porspolippsirtulprbgse bands
within the dither matrix. 6. Wth the revealing |ine .
(hergyriags) ritplifrited \biyl Yon @ ar vo Restapgilghelymente (FIG 18he 1§%a‘éﬁfm§fl by their
the resultin
boundaries v;’,Vi1’, Ui’ ;U541 are mapped to circular base band parts (FIG. 18B, 182) defined

by their boundaries v;,Viy 1, Uy 5 Ujy 1

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'=

27



noire image. The noire patterns are an enl arged and
transforned i nstance of the base band patterns.
wolowewaisosone transformati ons bet ween base baneiCT/1B2003/004202
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I'd visually
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ands delirmted by vO', v1', va',.. and corresponding

the reveating dayehase Z%ﬁmgevqal@r@nd mg@)pattenns nilGed0dyy. QZOShOWi the corre-

v2. Rect ar e enmen def i nef

spon@H@' qur veggqjlged q %rg ing anc{/];slé E(.l)&ilﬁﬂ%st@? 1eyea %ﬂ %n%% 1%/181re
circul ar base band parts (FIG 18B, 182) defined by
their boundaries vi,vi+l, uj',uj+1 FIGS. 19 and 20

The gf%xgyela{% qugrﬁ)[er B¢ 5@ bie &fm&ﬂ%‘(ﬂaﬁéf@gﬁdr 'oﬁgsdgfgeg%gﬁgé Brvilinear base

rV|I| ear ase
band lay&# hndl@lrl/ﬁima[r revedBngiinagratings diiows & syinkhesizg iradi vidgplized base and

Both figures have the sanme base band and reyeal | ng, ., .
reveplagalagers, el Oply a5 @ SBEIHE pYSiAHS e G g tigdrirepioire Pattems if

o 0 G ek 80 g, i

entaﬁ@r\l)ehi additivg, 1tigyeossibit to m@infdncehrhe lseohng;umfemdaly&hEsbmmate@cﬂocuments
geonetric trans rmation

suclwcfhp@g@s SNPLSEER0BRID gagmenty qu mpﬁ%yﬁlg the pidmeters which
defngé:ﬁlg 'g%_?/rﬂgtﬁg l;%yglqlf (ﬁ‘f&«; Bés?g%’er ?@?Sﬁt@or&gﬁmﬁﬁﬁ%&%ﬁng Lbr.

Geometric transformations allow to create visually appealing curvilinear band moiré patterns
offering various kinds of protective features. Furthermore, special 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)+ k;g,(x,y) should be affine, i.e.

kig1(xy)+ kyga(xy) = ax + by + ¢ (eq. 17)

As mentioned above, integer multiples of coefficients k; and &, specify the index of the Fourier
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y'= JP_X One can observe that the curvilinear band
noire patterns (FI G 19B, 194) produced by the
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bandstih mehi¢ratht eorviinehr mbinepat&:nm ssider posed accor di ng to

specific geonetric conditions (Yelative posi tion,

relative ori- entation). In addition, it is possible

to reinforce the_security of w del disseninated

documents such Adultichramatic WP?“%P@F@@'E’&S or travel

docunents by often nodifying the paraneters which

define the georretri c Iayout of the base Iayer and of

SRR AL R AR TN S ——

fronﬁ Wevidel ge@freRBNELIRI O pRAfuERENBe pRtidrY 1038ted 34 i¥Bands of the base
i nds of protective features. Furt her nore, speci al
layecases can be exploited, where both the base band
| ayer and the revealing |ayer are curvilinear, but the
resulting noire patterns are periodic. According to
[Am dror98, p. 1107], the condition t 8bt i,r}1 a ...
Onepapy senicgate felpred Band in thesamgiWayasdp 8853% %ﬁ%? IgppLG prgfing tech-
Q)
niq a’y\g}?e%a % a}é?al gdsﬁ?lﬁ %{5}5}% r1: ] Eéﬂftéslé’d) 18§'é§8 refe ({E}ggie?ﬂ%cﬁors RaR&1ly: cyan,
magghtaai¢iw hidislagh) ate ng)erps)sédnatortldfreo goonrae ndti-color i 1mage by halfton-
transform ki [

ing.|By Wy ? )@xqrgnp?alﬂ(l(jg)’ggg-k agggonpdgz?,yggsl'llg gfeg?fxs%]i)%e ﬂgerl accordlng to the
presjggp rLg %:lléglﬁf Yﬁ?% élﬂl;l%ggﬁtteéﬁ)#l H’llﬁp i %&Q?aftéd GBS Dldtk-and-white
reve&@ﬁéhﬁé @ﬁﬂﬂg RGIT tloRRP aF004R2E2the colop ofibisttmsolayer. If several of the dif-

respectively the origipal periodic base and revealj ng
ferephgﬁg@rgd ;,qygs(ﬁrqﬂésefl fher tg%pfizse band pattern according to the present Invéntion, each

of them will generate with a revealing achromatic line grating a 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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weopossat (kl=1) of the original |ayer and of P€T1EB2003/004202
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ot Ben R bR O Bl S5 R oo e
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printing tech- niques, where several (usually three or

magtitiad py bl Handmealrd, aydthey otill gignifimenihy cormums ke fous gar Ithe color of the
are super posed in

m°1f8¥afé%m% ‘gﬁgi@ﬁ‘is%f%%quaﬁlw E%Erc?? g ifege by hal fton- ing.

By way of exanple, if one of these halftoned | ayers is
used as a base |l ayer according to the present
i N$ nbt @it
mhe EERE) MR LR e AR ) g i i
blaclgmﬁte m)g stantldrd cobs éhlys (appr, oaigastecyellow ol possibly hlagky. According to
er. If sev t di.f r
pendigy DsPakrs spalisgtid PORRG A LEIEH AR ERh (Eedieittng gigial hal-
tonetlf?ﬁﬁ&rl%ﬁﬁlmu bél&eﬂﬁﬂe?ﬂg f?x@&rﬂorso@ dh@Modkhbv, REDEHBEsE, filed Jan. 4,
a’revealing achrématic line grating a band nmoire

200Q) at: iepossiajep mathi mulmlaollon dithemimgc ol use spécialtinksmch ap aﬁmstandard color

B RS s RSB GBI ) e o e o

ternORRFin! tBY Bdnds WP AR DabN Ryl BHAE cRAMA eI Be ﬁfkﬁ'@&‘iﬁa fe, when seen at
patterns conprising sub-elenents of different colors.

a cei@oh arewm@g@e \ﬂm o) p@teemseappsarcas ifthey wepeldtharebesngrinted with nor-

MR R T
they RbeHmu¥Phbieadtionbly0 8/ ﬂﬂaﬁ%a’aaﬁ oV D284 the moiré patterns
P / | B2003/ 004202" "filed Jan. 4, 2000 t romoukhov,

can biertghyd with ifidescers iplspSncht Nasiiations &) B appenraaei tthe moiré patterns

compfe%ely dlsap%ear when the original document is scanned and reproduced or photocopied.

Another advantage of the multichromatic case is obtained when non-standard inks are used to
create the pattern in the bands of the base layer. Non-standard inks are often inks whose colors
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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strongly. A simlar variation of the appearance of the
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| ocated out the gamut of standard cyan nmagenta and .
accordingdw anathsr bdeeband arieatalipy KEIG: @duehy Acegrdingelodts erigagation, the
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., Of _col, Y.
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reve%ﬁgft; rlé"y%% "Wk sct)afverta[1 ?ev%gﬁn'g 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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terns within the bands of the base |ayer, the
revealing layer will not be able to yield the original
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matri x. As explained in the above nentioned refer-
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VLV i f.fic | sify, and easy to
temsamwgma]eéia\y ggh eRAY 8 and gtllg\ggove. Mask based nultiple
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patteIpReereh, reveal i ng layer with several revealing line

gratings either side by side or one on top of the

Phase-based multi-pattern moiré

An additional very attractive possibility of creating combined multiple band moiré patterns
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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other, thereby allowing to reveal nultiple band noire
patterns with a single revealing |ayer. Such
wo 2004886585 of base bands offer a high protectiP@I/IB2003/004202
agai nst counterfeits, since photocopying 31 WO
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ayer Aprising
base band gratings each haV|ng a different orientation
and a different base band pattern. The band noire

To cBAthES e REE1a @ﬁ/?é@'uﬁ @ré%)é @mhma& 196 ds8 Barit] paictdseramB! 2407, 2408,
orientations (221, 23). One nmay observe that as
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first Jeshgﬁ‘slﬂ( blat'ﬂg vaaRLdmas reV-EQFn% H?&Iht?&n%é 8Fst basd Bdndepattern into the

Ign freedom since the indivVvidual superinposed base
baseblayet (M@/Er then emycatidfffastion i/kedf the widthtoé i reyealiog dgyer from the 2nd

period and orj|ent at ons e reve
baseghgnd pagiprn; 1{to glhp é’ﬁfe‘a (23&} Bté;r Iugﬁ ;ljzgﬁ, i/% ée aﬁan oY 6hnee\§1(%lth of the
revelling ‘rfr&r 1@'00&@& EroRpie Htl@bf%’é%aﬁd‘ﬁat&@ﬁ@d ik YaddW@iér. This yields the por-
revea l'ayers may be curvilinear. One can then

tions A a1, of/am s biseviayes segmenttM4dfof ovidihgFd Thegrext bssgripyes segment

201 D e O B PADHEL BT s BARE El pMaban ot
into AASRe PASL I hBlidds 'eﬁﬁlidt&f fohd BasbBamdishitieianad w)/EQf-atound i.e. these
attractive possi bil 3/1 of creating conbined nmultip

pattéras belraye peif tlatyt would be etizanallyrrepastedowitiip 8ipettesa Pé%neb/ég other base
layeg ??%q’%?’lgﬂ#ﬂ 2”&’;‘, 1t3I Q fc..are %r?srtlluaéég me?lat% %ﬁ%d'bg?egl?iger%mm is filled. The

base layer is made of the segments shown in 2405, possibly repeated vertically over the base

layer. This creates a base band with multiple interlaced patterns.

FIG. 25 gives an example of the results: 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
either 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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phases of the base band |ayer. The different patterns
may for exanple represent a snoothly evolving shape
whbk@adadobet ween a first and a second basi c shBEEIB2B@004202
exanmple, FIG 23 shows 32 WO 2004/036507
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globabphegs dtherdorids s |d1ﬁbeffm%{élf(|l’éﬁ9§l)%ﬁtlftgw%“’b‘§§ gucrostructure ie a
m1c orséw&get{lﬁsw%}!égeé/% Al Iﬂgse%?? g%ﬁ%?ﬁ% zrtteci%fwgrgﬁ }fagéusngﬁél{ 26H@8 pattern dither
matfik @56 belig%héﬁfeﬂﬁfrdmh&uﬂtl@atterﬁ bhi‘eelylymud:aiding to the method described in
hori zontal |l y Eeated wthin a pattern pl ane.
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ture]g ollrﬁ%négr%%lﬁ% Lf%tréclh Fhﬁoﬁléarshr Wﬁ ?’ 'Eﬁiﬂ?él Wit 'sa?me way as when

ase’ layer is rra segnents shown
embeddiaé Base Pagispatens ﬁﬁb@admﬂredamage &dek peaioarabbiwg “Grseration of band
| ayer. This creates a base band with nultiple
pattems Sk | aced patterns. FIG 25 gives an exanple of the

results: we superpose the sanme nulti-pattern base
| ayer with

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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the revealing line grating 250 and produce, dependi ng
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. bl
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mayHeWRed JRIG Nk gf g W tEéhn?(Hﬂb L3k adBid bPhe techmques described in
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according to the nmethod described in US Patent
application 09/902,227, Inmages and security docunents

prot ect eﬂroQéctWﬁ%%ﬁHs%‘f thrta %Pd cﬂi‘ﬁﬁﬁ@{g‘%a‘ﬁd%m‘i@ sch,

E. Forl e sane way as
when enbeddi ng base band patterns into a dithered
i mge (see section above, "Ceneration of band

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 original 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”). FIG 27 shows an exanple of such a
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w0 eang@bdsny | ayer, only the global inage is visP@i/EB2003/004202
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to 276, 276 to 277, 277 to 278, 278 to 279 and from
counterlgitgthck to 273 or vice-versa. 34 WD 2004/ 036507
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at the sane tinme continuously nodify their shape. FIG X
tograph, of 2sppasspswisholdere@ne fpanplse fReorparte g éherhnge byids redarggier string

Cros pthin the . ' ' .
B e
of the@Gfel WYhePerlling this SHAPE, feSpaetibtle nids oigaradiart suiren) withessevealing line

two extremal pattern shapes. |nternedi ate base bands |
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.between the..extr I RY ok
v AR PR R BB T B8 o ps
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respective distances dl, dr of the current, base- band, . .
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[(di + g nd.. -t :
ey A S350 Ao RSO RGB! S SEARBLHAFcould b
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i o . | H 1] ]
e GOYBLRELIL RIS RPLOE 2P AR s ol
the pRRBgraglo-oB4ts WylddreWithoet fevatlingeiyef, tht photghtaphrisl apparent. With a

curvilinear band noires , T
revealing layer, the moiré patterns incorporating the verification code become apparent.

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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Strong protection agai nst docunent anticounterfeiting
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| ooking at the noire patterns, and sone verifica- ‘
Althbugnthe toiehlineel (lide dadnypyill feacafip barnbgdindby e film or plastic sup-

patterns in order to verify the autgrf(tglmty of a]i % bodied
port desomRsHNG 211 S WRSPATPELIGP R R ORESE BRCKEEP oL Bl ajsgpe embodie
by A Bl Aing M dyihaHO tHBBMEns&S YBhbri@icrolenses offer a higher light
intensity compared with corresponding partly transparent line gratings. When the period of the
base band layer is small (e.g. less than 1/3 mm), 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
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t he photograph of its holder. Wthout revealing | ayer,
t he photograph is apparent. Wth a revealing |ayer,
W0 b@4osisne patterns incorporating the verifi cap¢DIB20@d®4202
become apparent. Enbodi nents of base and revealing
Plate} STET Sdif, 3 Maé ol Y Piindidcfial 6t PRBRAR:s! REANPIEA100G p! IF)
pear as noire patterns and t
reveal i ng Iayer may be enbodied with a varl ety of
technol ogi es. I nportant .enbodi nents for the base

In thé 848 thaR kIR thké BStr iBlinddtporfied intk an Eftidally Rhdidide SLdf/aee pattern such as
sublimation printing and foil stanping. It shou

a diffrastierd dt:‘hatt, thenigndga jermyng thedasralgrernggdsto be ﬁlertheéw&wﬁ@ to yield for

each ,9@{: bOt Qéﬁga ¥ %ﬁlgﬁk% 1%%@&%1%&21# gﬁrﬁ? n 1xe1%) 1%e11ef struc-

ture médélli’&l éﬁdaﬂﬂ)lé BK peridti@ firHbs @l“ofﬂaés @inedgrafingdN Yaviag an orlentatlon a
beam wi t h m croscopi c_dot size (say, 50 microns

pericely @ relieéswd 2 swémg ratweaCG@r@mgéﬁtthqoql@s@Pd Blyl%n&fé!d difffacied hght angles,
e L

tion {rEA6E& df e thfﬁﬁ:t@f 1adhit ﬂgre@?&t tb?the deraeed tolbr efedigboutiyg areas (see
enbodi ng Iines as partia per- forated |ines made

f
US jpémio 4 540 Sagrméar dniss ane 98 E24 dvies Mg Sk B L relief structure is
t f
reprQfiEY b PdbePr g Pocd th bibaL 5 oBiboRfg BicTARE Bdssing dic s

then luS&Dfolbmboeyd theQéﬁlmtrﬁctuﬁﬁﬁcd@taﬁﬁg}m®a§e=18yel0>nrtm: amtbal dev1ce sub-
m=2/ 10mm Successive |ines_may have their perfo-

strate Ggrtbet IS camatiproc@epRarasnd at Udh A éﬂélaﬁéé@éem%wé% ahvell as in
the "ilc;lq? EEE? Mok Db é’n% c?técu]on%(b ﬂ?xl'aggolg b:‘i’aﬁﬂﬁf( inemagram),

sucteSS| Ines in or 0 ensure a
in Ob§&dl Por@eEnta8BRUASH Etl ERILI. Vgn mtléﬁerptkﬁechmwse,rleqmdohaw pp. 247-
m croperforation systens for securlty docunent s have
266)been described, for exanple, “Application of |aser
technol ogy to introduce security features on security
docunents in order to reduce counterfeiting" by W

B obe e e R st gl compis ey
may |b%¥§z[skec§ Bfad(ﬁ?ﬁ!&ﬁﬂ 1a'99rs|o@lﬁ§ randen $h@pdy) Nevethel &, t(hbhﬁjlﬁqﬂttems will
a conplete or partial "renoval of matter, for

stlllba(caumma@pblynt aser or chemcal etch- ing. To vary the
color of noire patterns, one nay al so chose to have
the revealing line grating made of a set of col ored

lines instead of transparent ee arti Ie by |
A dror - Augreniicaioh o Despamants wiifhand oy pafies

mul tichromatic moire effects in the super posi tion of
col oured periodic |layers, Journal of Mdern Optics,

The\{)résentéllérlwen'}llcc))n c%‘ncergsg Zrieth%%? f§ ;g)thentlcatmg documents and valuable 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 or 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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Al t hough the revealing layer (line grating) wll
generally be enbodied by a filmor plastic sup- port
WO p@epdnati Ng a set of transparent |ines on aPCDERGE004202
background, it may al so be enbodied by a |ine grating
x | R bsse T - ke giadZl Gne! f her
band JEe Bluck WG e Tt InE Ao RAin LT (fncBH LS ANSBof the o
accordigr te eefdirad ofiartation andaposyialy @ntording o g peeférregisrelatiiie position.
the period of the base band layer is small (e.g. less
than 1/3 mm), cylindric mcrolenses as revealing | ayer
may also offer a higher precision. For_ producing
In a scoend ¢mbnsimens of theapspseat ipyentionnenly dhecbase ysr ypegisOn thg document
. eveal ing l.aver curvili r . cyhi [ ' :
el G B B opliY s HabbpORT orfitbl Atbin BrEfolr B3 mp s which
visudlyf drlopatdiMeyatigites theanteaticingott the dbatment dfor ebmpydtisamopuirposes, the
m crolenses, in the same man- ner as it is possible to

expeetad bandemeirgpaiesnsapay by iepspseiiedasandmags otihe dacyRezt opon a separate

.made of Fresnel . 0, ) : o
cevighess Rapbls B0 b e e tbick IECIREAAE Mt ey po afine grating imaged
on a FiA @a6E Bt@hsatint Bitet eflasic. Ilatuy aliol leyrealiz8@ by cplindridahicrolenses.
In the case that the base |layer is incorporated into
an optically variable surface pattern, such as a
diffractive device;, the inmage form ng the base | ayer

The method foroautienficatingetocpmoue seraprises thei sedpd of or  each of
its pattern inmage pixels or at least for its active
pi xel s (e.g. black pixels) a relief struc- ture nmade
for exanple of periodic function,profi

es (line .
a) SUgERPSiAg 8 YoAHNEN gviggna BRS¢ EAYERGqUERYIsing baéee{)qr@a gncgrgo&np@fpattems and
and a surf t i ' < LG
R )
b) cﬁﬁeafr{?g%iﬁqnéﬁ btehR @ HSletferRB SRRy, AQeepeHdng édthe result of

sired varia- tion in color of the diffracted
the dohplatisdm) accepipegor refectimgthdidoéumaerted col or of
nei ghbouring areas (see US patents 5,032,003 inventor
wherueeessineg linesod4he pevealinggrating|ofines sympleryighip &g fase layer different

. . Strugture i eproduc . :
s 8L koo REHUE A 8 B PRRLE SRS s llnstomatin
of tHeltfaBe W§8pdiRrrddaRpSising ancaldr@fmait bapossidly ober parsédrimgons such
the baSe layer on the optical device sub- strate
as mifrominghand shedgrngmat i on can be found in US patent
4,761, 253 inventor Antes, as well as in the article
by J.F. Moser, Docunment Protection by Optically

Variabl e Graphi cs (Ki nemagram., ..n tica cument .. .
I shagle s g (e i hearsoempyseztion ofhe O i b TEHTRh tne erating
/it i SAMQUtA s 1M AR e g hédk8tapbribdic.
rew%gﬁgpgﬁa¥ﬁé&yggiﬁggﬁn%%g r 3eafing Iayeps negd né% be
conplete: they nay be masked by additional |ayers or

by random shapes. Nevethel ess, the noire patterns wl| .
The $binphrid®8Ge BEp 8p@tsyvedhn 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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Aut hentication of docunents with band noire patterns
The present invention concerns nethods for
wa@eiohestsitat i ng docunents and val uabl e arti cl eBCT/IB203EI04202
are based on band noire patterns. Although the present
ants,

ence Tl ol e B B P B Rt P en
here by way of exanple, without Iimting the scope of
the invention to these particular enbodi nents. In one

In th€ ¥RRANV R thetBasé BendIa§&€is orinbdental fimt, oftdhiealfiarvd immige erinted on the
patterns can be visualized by superposi ng’bt he base

doculneyts thegrege binsl lepsrealterng withpeirbeyhstaguishatie B pediekesheefgom other

different are - t L : t
a1 S B, BB, b SRALRAEHTER oBfm Al b Einfing to e prosen
invehtisH0 R Gnoif@paterdsarilltoomas irmpedipelyppaent.i n a third

area of the docunent an i nage showi ng the expected 38
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when base | ayer and revealing |ayer are placed one on
Any tatiempf totfhlsifp aller umers poediicedyin ascordpnesf with B pyeseahinyention by pho-

and possi bly accordin o,a preferred relati
oo Se o S8R BRSS9k bl proces.or by any
othet BRI FeRhe ABhYd, [0St BRES dranelog ARIPREGitbly infldettequvanit slightly)

Itself, and the revealing |ayer is superposed on it by
the sizehunienshepebast dandlayerrpatipmanerrperatghiie the dprament|(fpr gxample, due to

optically validates, th ut hent j,cit f. t.h
cot a5 oF GsHOP SR O Es! REHET TL ekt oBL i B PERbms between
supeltstE IS 1278 aRevdrf RERARRLS Qn&aﬁlj@&cb?i@gﬁri&[bn% @the base or revealing

ocunent Or on a Separate evice, for exanple on the
layersewma Hongnahe pratectedr hesording t thagpresgyleinveriipndeccamps wery difficult to

rating,imaged on a filmor.an a transparent .s .
courborat B seyeby e ot el FRi ey SRR SRS ratbied one.

m crol enses. The nethod for authenticating docunents

conprises the steps of: a) superposing a docunent with

a l [ i EOPREL S 48 2 s RR@LAPEiREA , high secu-
It thﬁ 55)? ?ezlr%r? §1 é}éﬁ% 150}2@%‘!\1/ égp%ngﬁpglsgt?\gcoﬁsr I SI ngha lggr] gﬁcﬁsgs s
rity @ offéreé svitHole regitingr aiditinabcests imethpatotemers moduchipn. However, the

conmparing said noire patterns with referenge no

basephang dryes maxrhe 18 pehiohipe Sacyment b Sfjer mgans, «l)]reexamrp?e by generating

the lga%gpdggf Pk (f}ﬁl%gl?}mze%r&?he‘)({evfc@j(@.gte{ laﬂeggtrrﬁﬁ) SR B eddMBeKi8 optically

uccessive I'ines o e reveafing ating of lines
varisepedcanintdihe dobendin se attialeap beipfdtenteht i nst ances of
t he base band patterns and where the produced noire
patterns are a transformati on of the base | ayer
patterns conprising an enl argenent and possi bly ot f%er
Varippsiersbedimants of shespresent Hyention ean Bguss @s S3raEH fdgyices dor the protec-

. _Shaoul e ntion t ' ; . i Liean ducts. etc.
L e R e
that are provided on optical disk media. For instance, the base layer may be printed on an opti-
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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reveal ing | ayer or both may be geonetrically
transf ornmed, and hence aperiodic. The conparison in
WG @p/obysorbove can be done either by human bi OBGYBIBE0®3/004202
(a human being with an eye and a brain), or by neans
EnARP A bidfeSthe Isd DR WRIR ling layer is
ete. g&sc osur’ 259 ﬁg 1?{:?1%?&&%%[) rrrt%tlter eepaft e ﬁs can bg revedting fayer
locataﬂ)bﬁ ittieelobxe iPadiengedthat imalyde actmuspalremt part Of artrasspanpit evm@ova are very
amera) of the sup OSI of a sanpl
ofteq ‘ag?érfoaﬁalhag 13 Hé%ngaaI[%ryn@ Bips Iﬁ‘@ls 35%?“ f‘dﬁamP:‘) aBQ’r‘? and video
! QIR i fRE a8k ¢akbl tomers
Cabléf%b(r:é%rrg{t% g?@%‘ﬁgsé%ove %en the ﬁ aut%enct’l ca?)l ontgl S rra%lsecuS o
see thy prodhietrinside thegatiedger Howeventiranspaueritipertnsf apyckage alagde also used

menori zed refer- 39 WO 2004/ 036507 PCT/ | B 003/.004202
advaggeouth fPéa‘ﬁh?ftt’éF‘%@’ anpnBaowHeTEH g o fap frogdiels, by using a part of the

trans%gr;eﬁ{ g/gl%?]og) Bl ﬂxe”{%'vé?m@qt&&r@ﬁﬁerel fhettiSe EB2L isMMRARA td¥ethe product

as a part of a halftoned
itself) Ngisoud berheteld tint thedasedeyermed the reealibg dayebeancdbel agoeprinted on sep-

aratefq%t@flﬁetgg? $ orépg]gf%s &%t éjrlﬁzl%tjw ul.3 P\!vfﬁ\?‘%@g?c? t‘{,\ﬁg ﬁgodeu%te itself or to
the @Uﬁ%ﬁn}&' f@@t ﬁbl%@‘ﬁlﬂé}@ﬁ%&f ek eg Wh@cht QntRSHroeSEBY the present

ermlre atternsvvl ecorremrredlatey
inveRtyoare mIﬂustrArexa batave apd atemlmﬂmstpftlye @xam;rlmcnmdou UBeBat. Applica-

ion Noe BEPRRALS komisanand FeReBugIos [t S’ By, since in the
presch 1!?&/699@&6 %ﬁeﬂﬁgatwga’ea@i ViRl YIRS fnode the incorporation of

counterfeitin e 1t"digital or analog, wll
basei baed iphtadrhy in uhé Ibaseriayaer(aedelne msk of lai liletgrgting astibe sivealingrlayer makes
I ncor. i ateﬂmdn t he

the égt(e%tﬁfgﬁ f @?\@iﬁa pand. | a eg GCE]X)? h@ﬁlwr’l € mé s described in US
Pat. SA?)ﬁh@éﬁi%HWbb@@B 48§ (Aﬁnd’i@ll dndG¥h)i n the art). But

ce noire patterns between superposed line |ayers
are very sensitive to any mcroscopic variations in
the base or revealing I|ayers, any docunent protected

FIG.2990ildstRgest sehémaichll ¢ a@ Bptidahdiek 29 Bratrging aekasteny base layer 292, and
difficult to counterfelit, and serves as a negans
its covest(PiepK) 2A3 @eltrweé ot leestoap reHSAUREINCTFRY BIER 4G BTAGE) 294 When

the ogtgci%éilg‘{k k! ][%ﬁggé (? neldt dﬂs §%¥<§I %Fléin gé% trﬁglr@ [ﬁa&fg %295 are generated

ocess
betweeh ¥né fevehligy lagerviintl bae bagedayer.rWhije dddlitk i Ishwlwljz m:sbﬂed or taken out
t he docunent production. However., the base band Iaget1
of itpreqvep 893 iHage A patterne vy dupasrically ThessanolreRafems seyyve therefore as
o re i Rl febalSR Bicihd B0 ghifuafBie b Ahe BRI paficc/are indeed
authbhtics IPptysiedlloise, Hrrheibnd patdbensi may corhpriseitke thgo witint cammpany, or any
article to be protected. Various, enbodi nents of the
othep ﬁ@%@ﬁﬁeﬁtﬁ%}w‘i’(&ﬁ cither ipdlagk @pd white SEIGOISE devi ces for
the protec- tion and authentication of nultinmedia
products, including nusic, video, software products,

FIG.e}OC”lllustrates schematically a possible embodiment of the present invention 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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that are provided on optical disk nmedia. For instance,
the base |l ayer may be printed on an opti- cal disk
wGeah/0xs0Ra CD or a DVD while the reveal i ng | ayRPCT/iB003/004202
incorporated inits plastic box or envel ope.
FIG. @lftlhﬁﬁ}a't % P@s‘glb@é @f?lf@r @{aﬁ“fnﬁée@lﬁcﬁyprgm SRhR medical drugs.
terns I ous |nent of the present invention
The bﬂﬁ lber 3I1$maysceﬁe1atshesfel¢ wuifscg cdeke pesiblyppadue spprwrt of the medical

tectjon and authe ticat f .industrial packages
prodigic hha g vBuAsS oY 3 By bt Ewbpied OF gomersebE SuiGTAg of a sheet of
plastﬁcqgé gfﬁﬁg% t}quléaﬁg BRé Q%%Q%ay ﬁﬁlﬁng Fﬂé&e@éﬁﬁﬂg |la€yer {hd out or by
I ncor po ate t he” base | ayer,
moving\ielateraily, t}myesrealad mdigicttents decamedyianic. Pac k ag es t hat
include a transparent part or a transparent w ndow are

very often used for selling a large variety of

products, including, for exanple, audio and vide
FIG. @gbn@@rate@ selematisallpanatharpessille embodimengof the present 1nvent1on for the

protetchgrrll %f Eigéts Qkﬁag g&f{{]ﬂééd Qﬁaga%gggéﬁbﬁﬁng Ui rtﬁan?ﬁa‘?&t plastic

e pac transpare

fronP3Y 1t $ndof redr PEH 302, WhiKh lﬂ&y&ie&ﬁmﬂ&?ﬂld @‘dx\yaentlagﬁpmmi §f the product.
for authentication and anticounterfeiting of th

SuclppasHages sre cﬁ;cnu:@eé@r selpag videe andaudie eablespar %WtOtl\}ﬁfrPWts that are

keptla\xés)lglté{] gwgr Xle(?)klge%gg z§?3 gm%‘[ﬁf%&ﬁ P??S(ﬁf(t)%ﬂa%ﬁ% eé%n c?tf ds kind have a
small A8le 32Einhias €op 8y Bk radithdahBanidey editdbigy hely 825 damldatic front 321, in

al so printed on sep- arate security |abels or stickers
ordet nafacamée hanging theackngreinvihg gellipg aeintsd The reak bozyﬂéa@. dpay carry at

least f?l i ggeét gg’na Eﬁhcp @%&%gt?mrt’gf} &%\é\ﬁg g@%ﬁ{? hﬁe g &W&%N so that
wheh feSpHck e iglchséd, Inisite @lttefhs haed Q&ﬂ,eram‘djbaweersatﬂbdsabnd evealing layer

t he exanpl es described in US Pat . Applica- ti
and @@ﬁm@pgggse(lmﬁrdﬁme, aghin, pihils thg Slﬂdﬁnwk@sﬁc ff?nt 32225 s lided along the

her.ei,n. present invention, the
r““ﬁ8wﬂ§2g&F?8Fﬁ%I% m%é éﬁ#bﬁméﬂgﬂ Biein reflective node,
the incorporation of base band patterns in the base
| ayer and the use of a line grating as the revealing

FIG! ifibst hethit&aRy QE%HQF p&sibI@bmBbdimenr §fithé BesédGkvention for
nmore effective than"wth the nethods described in US

the Ratectiokpel firedudtsathatoe p8SeO U oxs330Awi 2 pivorrgiliid? & divp pivoting lid

FIGZ9 |IIustrat mati.cal ly. a tlcl
331 B Ahips OGSt o Badel (ke 58 By Riedl B fitating layer
333 (WheR )bk 93 cloddd, bhé&gaﬁ% 3BeaslocaBejusehad RYedlmgasiyer 333, so that
(revealing line gratin 294. Wen the optical disk

mompatt@mtae@ gemesitod Altdswgdﬁ/ pivotimg bd 3§B)is opasied @r lpsed thg moiré pat-

%We nerated between one revealing |ayer and one
tmm%&?@ 3@@? ¥tile the disk is slowy inserted or taken

out of its cover 293, these noire patterns vary
dynam cally. These noire patterns serve therefore as

FIG. 34 illustrates schematically yet another possible embodiment of the present 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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a reliable authentication nmeans and guarant ee that
both the disk and its package are indeed authentic.
WO p00a/086pp7 cal case, the npbire patterns may conpPeCT/BR0031©4202
| ogo of the conpany, or any other desired text or
synbols, either in black and white or in color. FIG 30
illustrates schematically a possi bl e enbodi nent of the
In cal s%&% tﬂenx\é@%ﬁfngrla}fe? fandl AR B8R ndaly QRO bn REPELIELCH other, mainly
are pac in a box conpri'sing a sliding part 301
alon@mb directioh esuchlas ¢ vier emBmenth ehevmin FE3S1294n 2981 3dehh, 32, one

may gﬁf;fg:teglgsrggl\tQ:- ¥ a%lt@ges gﬂavo?ﬁg) e@%& ngﬁearé%{/\gﬁer%%ly £ lation of the

revea‘iﬂgrlbﬁ? xﬁsﬁkeg %ﬁ&tesé?ﬂg?/ Bt Asird PMBind VigibRAhd heldfoi@ creates an
grdat-"1ng . By sliding the product into the cover,
animdiyeram ¢ noire patterns such as evolving noire

patterns or nmulti-pattern noire may be generated. 41
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possi bl e protection for pharpmaceutical produ

cts such
In cages wheiteareveslingdayer pré thsehgee laygremagiofatagy e sach fiber as in FIG.

full surf : ;
PP FEy Soptii BRI e BAFISCAHBINE & o Bvield specialy
attra&mmlgipd@ﬁérxﬁ fopteaiiposel ri pe made of a sheet of
pl astic 1 ncorporating the revealing |ine grating. By
pulling the revealing layer in and out or by noving
it laterally, the revealed nobire patterns become
Sometymenit 5. poBsitle3@ exdhiang tharevsalinghlaysstand #d Base Hyeniartheir locations or
p035|ble enbodi nent of the present invention for the
in th EFH?@%tlon of products that are marketed in a package
conprising a sliding transparent plastic front 321
and a rear board 322, which nay be printed and carry a

descr | ?d&i%%@d a6&uRkidten
used f%ﬂtgﬁtﬁgﬂgngfgglgﬂgﬁgﬂ%gﬁ es, or any other
products, that are kept within the hul | (or
recepient) 323 of plastic front 321. Oten packages of

Tharii 8 thé RepdbAYiRsef geiBlaling al@ndddallynmidiesttprefimbges explained for
rear board and a mat chi n(? hol e 325 in plastic front

exarg@é in |US Pdpnteapp[hgatfcmcw/? 232, ﬁ@ﬁgqsnagl tqq:@urﬁacdf@g@@gntp protected by

. the 0 r }
mictog ur8§1 én‘%ggo S Rg Her. %)B'Eegéré?r ﬁe ﬁ ﬁmﬁ ?tgég]tfﬂﬁcgﬁrd of Decem
ber, 62@01 Yorah Su€@SéordPET ra@}él@@klbﬁ@dﬁ'ﬂﬂﬂﬂ/(m% RthHatsch VBIEWlttwer E.

acka%g is closed, noire patterns are generated
Forlcxe wmehtD) Bigntnana. Geipstdiifiled Fely ey 208 dt Brposuiblerio gguerate and

prm? ?rbﬁfz ﬂ%}é)%rrsioga %eg alggv.grg%:rgsn s \gﬁ ok ?ra\?eg gPaL %}%Q&Qﬁﬂ@tt{?ﬁets. These doc-

umefRiih@uRsini@ENHadasimityssanttosd inyorpbdating &t gﬂvingshfoaﬂnetson about the
schematically yet another possibl e enbodi nent of "
docwm& anlder pa/eel porbopbihe PEIESHPIDNE EOFBRENGTS- S ASHYEY %OCPWSW specify-

ing egat% r%dangncm@vzﬂ qéca’t)’%gs W’l& ﬁxeadal?é Xptfélﬂﬂty! bldarg’gﬂtry HBgt to a sport

event 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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331 carries at |east one base |ayer 332, and the box
itself carries at |east one revealing |layer 333. Wen
W b@4oa507 s cl osed, base |ayer 332 is | ocated PCBEIB2003/004202

behi nd revealing | ayer 333, so that noire patterns

inspedfi6n GEME Fiadt Sl croftngbiineipagerilayel hidthe iinkp8&ioni of tiepsenent microstruc-
closed, the noire pat- terns vary dynamcally. FIG 34

ture patﬂenskaym\@éh g&v@hlmg ling gr9tngaepmaﬁé@ﬁ githes 38 g.f’émeas a piece of plastic,

odi | e

os oyt §p o RSy BERER e Bhliling Plipdilictojonses
(such as vine, mhlskey, perfumes, etc.). For exanple,
the product |abel 341 which is affixed to bottle 342

A sifipé rﬁ&ﬁ&y f&ag%%exlaﬁb{% qncdfﬁ‘tirlatﬁi%aﬁﬁt Rkl ldabely $idible microstruc-

Ich may be attac o the bottle by a decorative
ture pattepaias3wel] ag dny |s@8)ndt1¢1\@1 nevr@atruqf]lge |pa§t@ms sapealatfigevith a revealing

aut.henticatjon o ct can b
ine GE5E% B Ry  HEA e QUGLTE AU o e UbReLdg eyt base band
patteme x@ B9 &5k A6 'ditB4mAix| RRRL hidhMreq®endyl@ithe hAAY Rf the target image
le noire patterns are generated, for exanple
equ1l\t\btt1hlort be patEocksing alepriedcin. det@] WO B Ratangapplication 09/902,227,

PCT/ | B20Q3/ 004202 I n cases where the reve
Imagehand HEURHPNE s DIRSF 6] PG L 551 LGRS Re oo B. Forles
.WT%QJ?‘Erﬁme‘g one direction, such as in the
embodi ments shown in FIGS. 29A, 29B, 30, 31, 32, one
may conceive nulti-pattern noires or evol vable noire
patterns, where the translation of the revealing

An di@yfRfiveatetifodsiee gessatiigl iynaged neoipbtatinpifive lped t diraetly visible micro-
visible and therefore creates an ani mati on.

strugfire petterpeas weld as ﬁlmﬁgsch%}evglﬁalcf%guggge@qttg% rrewg&g%ﬁla with a reveal-
ing IB} ﬁgt?néoc{bnglgte i éﬁ’ﬁgﬁ? e ﬁBw sF1G 33, one may

conc ase ay r and reveal ing | ayer
a) se?é%t ﬁ‘?h&bgl Ml lecfo§9)9a &ﬁé 5Yand§ctab5 6%%%&5@@ R oP fcld®tident holder;
'S pu pose. Sonetines It is possible to exchange

b) clddfe HEVRA! 108l hisdtnRtide, ! fiRsiBRS& h ayefapi ¢t dsh@infulti-intensity image
locations ofr in their roles. Authentication of

accoajct}]lngm halinfprmationtagepcipied st fiedoguaedtument s Thanks to

the capabilities of generatin aut

c) cwm,er possihly. rerasdingyy Bﬁtﬁnfa? Al @é%ﬁ# &Rl Hgsch, et. al), or
accor % tlfegﬂjg!r:lg ; é/ @f@é 0\%/ y}9 2 28d Toh T BEGSnANITSEEM Habdd Dither Matri-

mcrostructures, inventors
ces”m@ﬂpdtbxf GedphicEFofuad Vel 19 BNo W, tpp\idr64, R. dltﬁﬂne:élg,lolial jngagze incorporat-
3rd of Decem ber, 2001 or in successor PCT
ing @séllrﬂé%i wrp‘t@m%z/ 02686 R D. Hersch, B. Wt t wer ,

rostld

d) cgaa ex;ﬁg secQB@ ?VC Itmqrgstxﬁlsg.gﬁ? Bﬁlt%rrts (‘2158 ﬁzgl'legf angﬁtaucture ip'a&&ns) as a bit-

map or as a multi-intensity image;

e) create, in a similar manner as in (c) the dithered global image incorporating the second level

microstructure patterns (nanostructure patterns);

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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print on the fly personalized docunents such as travel
docunents and entry tickets. These doc- unents include
w0 pege3ssnade of m crostructure incorporating tBXI/IB2003/004202
giving informati on about the docunent hol der as well
appli elﬁlgpbﬁ the %ﬁ(ep#ﬁéﬁ@ﬁﬁ v&ltlest pﬁlcﬁ%yﬂﬁﬂtgra}@cﬂe nﬁagtercﬁ\(ﬁian be applied
unment s departure and arri val
spatldllgpﬁﬁt exeamsplabyl sdlételngalnaesun‘ of\lbd fmlalt:yr,nbmpd bﬁle@gltmylg@ tocheetx4 times

sl S e T B e o o
eondFSE L ARGALIPRtER, Hbhae b e, et e

imagé¥ t6beTbmbiticd) Bsociaine g&Ienalutrdmr ofr maelemithin the éX4 mm l;@ one of the
Vi si bl e by sinple visual ect.ion_ and, one

two difheepdeiRESEERAIE e, SSBRIMAR REFGH Qe gy ACed g0 yield good
result!s n{ﬁQ %?Jelr gp a%’l\&egtnpneﬂt Bpg%lg Withh He@S8 matdif rﬂa@@oﬂ’&»@ fﬂ%ndlstnbutlon of

to synthesize this Second
the Bﬁy&fcﬁﬁﬂef thedstiold lb\a:j{sa(rH RsKang)d¥gital(Zoiak Halfteningn3PEeRress| 1999, pp.
it thanks to a revealing line grating. This allows a
279-B% Fught forward direct 43 WD 2004/ 036507
PCT/ 1 B2003/ 004202 i nspection of the first

mcrostructure pattern layer and the inspection of the
second mcrostruc- tuyre pattern ay [ 10
In orflgrri@ PEYViS fw@ﬂooghg@a?léalaé? tORE Fﬂaé(sa “?‘Pi"ﬁm ‘Q‘QGY O"SY gréc%?q‘ (e.g. 1/
4) ofgll\eag‘atsls %ands%%vé’ry tﬂg m&%@ l\xﬁﬂﬂstﬁ§d1‘ﬂ{er Aatdx ﬁicfnfpbﬁéﬁhg\ﬂ@e second

emul at | dricom crol enses. A sinple
leveliBichndudtore pgtaams ahd ﬂ@ remaés frantiony (e atSM)gmmrdgug to standard dith-

cinaamp b, Pkt RS S A A6 8 s Fhis s some.
how El?ﬁ{ ? @Bhﬁl-%’(&ﬁl &lt}feﬁ\i alhed?d ond 40 6f BHs8 bhitDpARARKiaSd Geisétond level

crea | X 1ncorporating the tiny second
mlcrbﬂmturdi)pa&nh;&md thepe(helmetssx)f dast hapd peternt ars sthingardclustered dots.

matrix as the high-frequency dither array for the
target inmage equilibration by postprocessing

described in detail in US Pate plication
The wonldo fzeizombiieddes-lair ddssed B0y BRerERPEORH B ol wyeasily read-

able o 1cwﬁc?1§rg Hﬁﬁrﬁé’%&r\f&uﬁﬁ%ﬁﬁreeeQablEWﬁlcahrevgalmEQTn'e%&atmg More

ternative nethod for
compleR @fddnt§f sutiBg dscunimonag iedorpryate sevetal fiest dével wiaresitviciures at dif-
visible mcro- structure Fatterrs as

fered spliaipT /BN BrioR ot BT PO AR avame Lty Rpigms. dlso
at dlﬁgﬁ%ﬁ{:\&nenkz{g@{lg Mgapeg{oggl ng consists in applying the

sel ect a gl obal inmage, for exanple
a Iandscape or the photograph of the docunent hol der;
b) create the first |evel mcrostructure, possibly as

a bitmap Qiparatud foRtel aithéitiation of de@anerdsosingiheg t o
the informati on associated with the docunent; c)

create, possibly accomshingpdtteroSmigeent application
09/ 902, 227, (R D. Hersch, et. al), or

An apparatus for the visual authentication of documents comprising a base layer may comprise
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 illumi-

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 biosystems (a
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according to the article by O eg Veryovka and John
Buchanan "Texture-based Dither Mtri- ces" Conputer
w@@phsass7 Forum Vol . 19, No. 1, pp 51-64, a dipdiETBE2003/004202

gl obal image incorporat- ing the first |evel

humaH %fe%ﬁh bt UrEusetas & hRAhErdr iR REGRMEN beMRImoiré patterns produced by
m crostruct'ure patterns (also called nanostructure

the spperpesitiem) ofathe hadei layerranp tioy reasalngriayeri andras@nmeang foneqyeparing the
e).cregte, in a sig%lar~nanner.as in.(c). the

acqugp%glglreimg s wibgelsas i(mwgnge@ém £0S. 'gﬂlé Qoeurrceedof light in

: I t I iie patterns); f)
i S D e R L 6 by “an
operation conbining the two dithered inmages, i.e. by
creating for each pixel a conbination, e.g. a weighted
An aBBaRtu9 forahd agbMatic apkmdichtiun ofletyvaerns, twimse blobk degram is shown in
gl obal image incorporating the first |evel, .
FIG. A5 cowprispst arevealing layer 3k madedf aggrating of Hugpe an image acquisition

i orating the. s I ' .
e SRR B G s G5RD 1B ElaeP A HE g g o compuing
systen€ B3 Forecongiaghg Shecaquived molré pasanasvithaeferdnee enditéepatteins. In case

first level mcrostructure or the second |evel

the rprtel &iltsr thetdopemenitwillmes brgpbentifsinded therAecufrsng hendling device of

nean. opgrat 400N :
the JRgat RonAa) Hoipsi e dpspider g RafP AR Hitem 333 can be realized by a
microfdrepgért donvalsitRSa pydcessat, ngeraoryi avall inputaysmal perts nAgentegrated one-
it can be applied spatially, for_ exanple b sel,ec.tingl .
chiptmisregioppuisr camdefyspd foreBigh PH@gsey iFor @v&??nwtlﬁéé@e%c%@m e image
4 t] [ r,.t ' k- i -
st o2 R08 1o R UBpARRAL I, Alerbctdloh B Sbratng the comper
ing praYess6re33, Gaiich M dixed cqmirol8x Blpcyonere | handling devaged354 for accepting or
_depending -on the rel ative weights of the two dithered .
rejeqting gedocumepido g myihsatcateds agrordipg toyt ic%’ﬁa’ﬁ%ﬂwnﬁr%?‘{ by the micro-
procgés)éﬁls within the 4x4 matrix to one of the two
thered i mages and the remaining pixels to the other
dithered inmage. To yield good results, the order of
assi gnment of pixels within the 4x4 matrix may foll ow
The rdT8redtShnbir®phticdnir®dge chi Be Bowiiaed eitlidr @y imhgemoisition €foekgample by
(HR Fang, Digital Color Halftoning, SPIE Press, )
meat9oba cppera) of7 thezgperpasjtion pha siaple bees lsyenanddhe revgglitenlayer, or it

| obal i nmge, one : [ :
0P g5t 8 3036 . LA ORE BT iy v o e
revedli@P Blyel AB@E dbitdd dRRioH(s) Aed angle(s). Mubiply peitiins ngdiohengles may
second level mcrostructure patterns and the
correspond f1 difefentiopird patteras epd atlow)a merdhaiongh pyherticatien d
dith- ering nmethods, for exanple with a dither matrix
conprising small clustered dots. This is sone- how

The%éggg%&%ﬁ$$r&ﬂ%g§{e§{r{gﬁgééﬁ%§g P%%Fcrh?ngotﬂg acsq%'ireg fmoiré pattern
image 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.

46



m crostructure patterns and the other sets of base
band patterns are standard clustered dots. The

w0 e®usdspy final conmbi ned two-1| evel dithered gP@EB2003/004202
i mage incorporates both an easily read- able

mcro [ ] : l e

i th Loty Brbe shibki ot dEhal AR A C

of such a document may,qifRGRGREH Ghegseveral first |evel

m crostructures at dif- ferent orientati ons and

periods and possi bly several second |evel

m crostructure patterns, also at different
The prekaifdédippafsuamdy pB0I edepladapby atdesmpliting system in order to allow the

authentication of documents using the noire pattern
reveqlingdine AratmgEvaRINg IVt sep F1Gi30,20 D40 bravrernosed ecieamically on the

n rA-&i . , i liplicati
s fGEUE TS TR0, SA2FR LAY LSO L e mutpiatin
oper@fonqFIE36£362) bbtvides thr reselihg tins gratiag bitmap ahd the cosredtly positioned
be placed on top of the base | ayer of the d ,curir,ent Co
base Tayer orgaeaHiredeny thecameranht the alageiwhets ihelsycaling line grating is trans-

ref.ect] ' | hssi .
pne L6 PRSI BTRUELY) G B YL S0 i e
gratihg & ofayua(tyrelaclopigeiatwill belpenemteliinsoel e e (aresgndiny base layer
~ 2004/ 036507 PCT/ 1 B2003/ 004202 hunag gﬁf fnd br%h%% .
pixelsy Bhapayiting myrlGringersity dma%’@l’&’éﬁﬂﬂnﬁt ? 13§ 11388 O fuperposition
o oBELEF R PEHGILDITC o, S0 BEsLER 08 4 06 B8P G136
364)GR BRRE kagihihate Mgl freqetcioniirefrpateneies s/hivhtvoulé hetreendsible by the
(or menprized) npire patterns., Tg,e source of light in . h
humgihpye eBY 2 payeReram haermzh visvine fistiare Guch a;f}l%%% ;‘essted in the
rbifi.Cl ; rqt r 2] bGiin A : GRAPH
papd Rl ARRETS HEre B MUECRH, PRERI Gl dithering SIG
AnnS41a@enfemence 11998 5pp. clafptd23 eEhearaseliaglfilieged mybr-inBSityrdmege is the
.of a gratin f_Jipes, ,an image acqujsitj nmeans 352 o
moirg @eﬁeraémagec&ﬁ@r% 360 b&fcgmpgfﬁg %ﬁ%éé’gﬁamltﬁﬁ “‘ff%%ence moire
. d365) [ ¥k @dpidilor rejected.
pcf B S RS P A 08B i
patterns. In case the match fails, the docunent wll
not be authenticated and the docunent handling device

The @bmphiies sy ddruthe JDthemlidation @if @oturhdigs 89 euoimnpatteiisewill therefore
conparing system 353 can be realized b

a . .
compiisgr anciorAge Lequit Berpmeansrginglas fo FKE §ér352ée B8r § Caipgra, for the acquisi-
. i nput - out put., por.t ADd - i isi .
ion oF BpbirRibE i R by el P EDRE A, sBERsq bands comprising pu

tern@ Ut RiFE} Soraptides Atgré@hmonodild enultifgie g iR espma theoucquiredibase layer
. 352 needs to be connected to the m croconputer )
imaganwish ppuesprading cevealifzlayeriimgeprapRising a kuperalipg gl prpducing the

di gittgﬁ{{lgapg[%%ﬁ é}{egﬁl,u%er%ogggry BFOdse I?a%}%fj MJ‘l%Vg'ﬁi\ﬁigqueﬁ Yo REr comprises a pro-

gram module performing a low-pass filtering operation to that digital image in order to obtain

the moiré patterns. 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 one document to the next and therefore offer a
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rejecting a docunent to be authenticated, according to
the conpari son operated by the mcro- processor. The
WO 2G0e/033¢E noire pattern i mage can be obt ai nedPE@l/1B2003/004202

by i mage acquisition (for exanple by neans of a

c r terd éawks‘chb@&%rd aY Bise 1 -
e o B e Bl e PR S layer geo
metnp Nuo cosspogdssd givebgesmpie pmﬂmn of thﬂ: ravenjing feyer twhich when elec-

basic | ayer and the . revealin sired

tronigdly upeRpy (Ramaiighiedsyrodygss ?‘?%‘F’%’%‘S@ (ﬁ%ﬁ&eﬁmﬂ’}fsrpmms The
docu ?tloIﬁEy rls%QEfoﬁﬁ c‘PLth' ol o E6Y or MU dnfpuRdrb RJaBR rftber iden-

wra WD or oug entication. The conmparin

ufyn@rtb?@ fs/sdlingTakeso bé epplmdgﬂlammpmtmg oystdy nreytredd that nngqgmatlon and
acquired noire pattern e W r{ﬁa r.ef erence inma gg it
applsesbar?ﬁrrégt rgyealiag st %%dﬁfyﬁorfg’we RIMOIERANEH Lege L gompare 1
& ' RElto IR tHe ddc@ment is to
with g%t&rﬁ\lgg&?ﬁggg%é%@e T 1|%S,I£a(t:tglsrfrlpar| ggﬁo%rg- ducesf at
be adce@sd oomfecpdoxi m ty val ue giving the degree of
proximty between the acquired noire patterns and a
reference noire pattern i mage. These proximty val ues
are then used as criteria_ for making the docunent
handl i ng devi ce %\i@ﬁgeéf’fﬂlﬁlg@?e“lth‘éve%‘@ﬂnent 46 WD
2004/ 036507 PCT/1B2003/ 004202 Conputing system for
the aut henti cati on of docunments using the noire

e B3 RS B RERo APRRLS b Rl m o

LEYRRhiiNE IJeI Ofef@t i ng (revealing I ayer, see FIG 36,
presglg \f\@ : ?e gupgr posed el ectronically on the acquired

base | ayer imge (FI G 36, 360). The superposition is
sinply an integer multiplication operation (FIG 36,
1. TRGAgscheinvetionttae t}reamaftamgdmmge@pamamg vbtht prapoamiv@rﬁ@ns made

by Lamisiet STt D BepPReY St . R0 SBEAN HacrT g RIr R U'S- Pt
No. 5595 F%‘SU F%f plikatibn d%r S OFSPLALH) HRd 9?? AhRYE (U S Pat. Applica-

ar an at p aces ere he reveal I Ng
tion Bbln 8lo lgmeLfrﬁ@) itat theaewealiqg Dig giating kllcpzvsxmlleh mbotd light to pass though

f th
thangqe%gggﬁn?%llg nq?ogggq%?q? ,@@taﬁge“ é:q%qrnﬁf Qnd E;g ther%‘}/ca{e a document in

reﬂecﬁ@{)ﬁ%ﬁ@\x}dﬂgug xlib%gﬁix' HeltRdr d fﬁ?&@leﬂsf afrziéﬁ n§1ui)§ eféQﬁi 'h htoiburce beneath

ase layer and revealing | ayer
the ddaemefit. At farthel advardtage residesiadise fact thann (el pBeseBGI,nvergm)the length of

in order to elimna h freqguencie
the s QUiSHAPESI5 09} BIPA R LEISEoTG T b icgg s iy pgpprise @ lae
AR e | ch¥a8) B Hing taaBaent 1
non Bt Haubihs of B8 déféaﬁf*@egf’ﬁ‘bﬂﬁfhé“a ey e o oRentence (severs
word tor apatakiwph ofitctt.R. D. Hersch, Multi-color and
artistic dithering, SIGGRAPH

2. The present invention offers a large degree of freedom in incorporating patterns 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 light reflection angles.
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Annual Conference, 1999, pp. 425-432). The resulting
filtered nmulti-intensity inage is the noire pattern
wo pge3(sht G 36, 366) and may be conpared (Fl GGBIB28G704202

with a reference noire pattern imge (FIG 36, 365) in

In additidaytht bastdahdemiy bé pidnteld om teaity dpequembterials ceich @gimetallic foils or
rejected. The conputing systemfor the authentication

metallic bgetanent s by noire patterns will therefore
conprise an i mage acquisition neans (simlar to FIG
35 352) , e.g. a canera, for the acquisi- tion of

ﬁgg%}tggd %rattlr arEfa&l?vx 1ﬁ¥a§ ﬁ)a&?fm rE iﬁht@é}n?@aﬁfbéoﬁlgﬁﬁed by applying

4nds” Eonpri'st ng
geon%ﬁﬂ@frhﬁﬁ&n@tlﬂﬁmrtﬁﬂbmda&ee afidi pddsidly tonthe irevenkimplayert Bech curvilin-
acqui red base |layer inmage with a correspondi ng
ear hang @aatmngg mayy MEOTPRENfe mepkshffapnierienfatiqas @pc}ﬂfqeﬁaengﬁa, which may
genegagslén egﬁ]«gdr gegﬁn g%gdeog@% r\#hgﬁggan%d Hf‘% s§5¥?ﬁﬁ£@é\héé Iels?gi)hotocopler

desk@b%calﬁfemmw \Wutviledat @anrd pating conminaadafge|raegei asf%radually varying
operation to that digital inmage in order t obt.ai n
frequeneiesrdhe &lgiliey %ﬁ%nmgtorarpgrad'efgwarfr@égn%espw bFa Hoh e of the
r
v GPRR 08h 05 SR EATR 60 Pkl LIS (B LSRR v

ble @riesidd MYiréreffeeise@inityg tbthe eﬁeam rdemnbe&Sun HUgitecloKjmgdbmgPat. No.
stemallows to automatically auth ate doc

113&%1,1 UTBRER ahote InqRb el oAl BUTGOLIME (hepUaL plyiddition, cur-

w1 R Gl ST RS OO 8 g0 v

small¥r ehRedehRAt Ggetheisparts Ol serohg etilarpgmaht mapbsuseld feadévalizing com-

docunent base | ayer geo- petric |ayout corr
plex gmmﬁt@e@rﬁapaﬁt@m &y‘cmtnca%dntan éolpé\;@'\émswtv% fe\%ﬁ@ﬂ in the base
ba en elec- tronically superposed (i.e. nmultiplied)
produces the expected (reference) m)i re patterns. The
docunment may conprise information, such as a bar code
or a conputer readable nunber iden- tifying the
5. WheN @8hsddiray@ls droule toRRatetttle pﬂ'ﬂ&ﬁn G0t WahdofSiie besw layer, stand-
may read that information and apply the correct
ard ¢yanembgendp,|yallew and bhckarproductiomsisiems wallmspd & palftong He original

B e e

pattdris. D t6 theaRSRRIRH 0P thel RkieHE dthin' Wiy daEARAE shedbast uyer, the revealing
present invention The advantages of the new

layemwilheottbie cttei to ryiekeh theamigingd ;eiré PRESNS.- ng et hods
di sclosed in the present invention are nunerous. 1.
The present invention has the inportant advantage

6. Bgs% ba%sendlay e poﬂ%‘iaetc\a/& tl% olpg(iﬁ%%% o(r) I1’:;:‘:’ttemsdprmted side by side at a high regis-
tration accuracy, for example with the method described in US patent application 09/477,544
(Ostromoukhov, Hersch). Since the moiré patterns generated between by the superposition of
the base grating and of the revealing line grating are very sensitive to any microscopic varia-
tions of the pattern residing in the base bands of the base layer, any document protected
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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by 1. Amdror and R D. Hersch (U S. Pat. No. 6,249,588

and its continuation-in-part U S. Pat. No. 5,995, 638,
We2®4@aa507 Appl i cation Ser. No 09/902, 445) and PYI/IB2003/004202

Amidror (U. S Pat. Applica- tion Ser. No 10/ 183, 550)

may l%@gﬁaghg 8{ Egﬁ’sg%lehﬂ %‘u{th%o%,%e? st iRt AUEdIhSPES bd @Bérporated
0 ‘pass t hou than a revealfng 2D dot screen (nmaster
into hatftoped B/WTdticelalihages (simpheicdnetati iowiges, domtar gniemgradations, or com-

refl ective node w thout -needi ng neithe m cr ol .
plox BONePTb DAL P 03 PGHECo e b EABSATh OTEfal dSCuent piniing
fets 1/t [ AGSyitfut Hedtibdhl EGR. fact that
proce?%?%?%epé@gﬁéﬁi nvfesnt gpc/)%!%tﬁe Ilength of1 t he base band
space is not limted and that therefore the produced

noire may conprise a large nunber of patterns, for

8. FuRK&midr€ thebase R priartiod thd dsaeiedt i fooordang: with ehet present inven-
~sentence (several words) or a paragraph of text. 2.
tion 1Eied npt essefrt canaipahinteapi totevel Ondhe spryry dgreeingiude i iy Bgse bands

[N incorparaf i . [ .
pach RS RGP A 5 Bt e Ss B3R pRtfiy cappround
back%’_oﬁﬁ’d sf iahibleyinwasiyy. Tbeesgateinkioan be émtorfrasted bamdlssim@lated) within
ince the noire patterns can be revealed in reflective .
any vesigble ipensiby halftprreoinrge andhe dagwnent Gstch g B‘%‘aﬁ}aﬁw portrait, 3
i ncor por at i . 1S . ldic .

RSP RA M AR BohS i HY pERTRA A e ssncrm by e
moird pRkeFhd B HD SEpeRpdsitich).r When Farying thaphtearnsalang 8 pesband, the corre-
| Tght reflection angles. 48 WO 2004/ 036507 oy
spongigy MaEIREeme 320 2lsp yarydwithip Sieir e Paids: ‘gaﬁl&gyﬁ%%@' within the

rinted on tot ' ' G L
s B0y 2, AR 55 ity oy e g o
moir@peitérHs Willithaaslsbang withinethgiatmdrénsandanEivd afethescavagignts has the

y applying geonetric transfornmations to.the bas .
advahtage ap making salsifisatjons still gore é\f@%}qﬁ?ﬁﬁlﬂ Ut incseaspe the security pro-

. ryilin- ear d gratings may incorporate nany
Vlde‘ghﬁgrpéﬁstemolgiv%rﬁﬁgti ons and frequencies, which may
generate undesired secondary noires when scanned by a

scanni ng devi ce (col or photocopier, desktop scanner).

9. Inlaffddftit&ﬁ, S M ek ARAE bR M8 hvith idifBereYagd Beinda plaaedyin diffaigat regions
of gradually varying frequencies, the falsifier's
of a doamémgcanding po sphedid waskisras griththie dliffereny base hands\jlaggd on top of

SO of .t he and grating,.freguenci. I L . :
one ﬁ.a?t niT@_éS Sllilﬂ? eﬁeﬂ%*?[g’tgemoﬁet%g%‘él Sil?l? engdry dé%ﬁe n.éllfliierent orientations,
shapBi, Gi¥eNsitdsSind Jok8blYERSS bRtwhh meayeld Rotated by mirtraalinglayer incor-

thesgfectr;Sbe escrlil bﬁd in United lttPi<l;4ngdorr]1ll Pat . Not., Th
porafing 8ighed 3 bingde renealingling eaxtipger impltiple revsalinglipe gratings. The superpo-

... "background of, the inventiony |.n.additi o, -
I N e e
providhg Shedbyt WPp6id Ty edVRArmES &f Ipaytectioan dnlyadetecsable by the competent

authorities or by specialized authentication devices.

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 moirés
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smal | er enl argenent on other parts. The strong
enl argenent may be useful for visualizing com plex
wor@ro3tspuct ure patterns (.e.g including col orPCT/IB2003/004202
nicrostructures) enbedded in the base bands. 5. Wen
whoft iR fes l S8 o300l BF ARIELY ey B SHiA e revealing
layeryl tbpwf Elnetbahal layzér Swehraodriatiorin tisysodnedwndilé paﬁem slhapes intensities
hal ftone the ori gi nal | or ,according to thﬁ
and/grgolrd Hian §eeamifor iequﬁ%ceéﬁg P’f%}aeéwawe@ sy A ?m@aﬂng a document
olor patterns. Due to the destruction of
ora @éaq}lg?{ngfr%ns wi thin the bands of the base |ayer, the
revealing layer will not be able to yield the
original noire patterns. 6. Base bands may be

11. A ERMePARANWES lesOR A RCICRA oI R attemB Sevieblied feth @Vadﬁblbyintensny (or
side at a high regis- tration accuracy, for ex

colonjiitriage may rrepiesat deode wdaec@ qan heispdiepheckibg a\atb@ntwrfy of the docu-

e 85T RB R oA B s won s e
photbH@pPases kladr Withate Aalih %y&ﬁ\z’ﬁ%@flho&griphﬁg aaréritNWithraevealing
very sensitive to any mcroscopic varia- tions of the

layex et rapiné pastsiiineprporating:thp yeafiepinn $ods bacRmep aRRAG My e |
any docunent protected according to the present
invention is very difficult to counterfeit. The

reveal ed noir ns,  serve as, to easil
12. eGP BERARE BRI DRSS (B8 duperbIe apnd G &fips fage may pro-
videW'®cordd ledell 8K tﬁxﬂﬁﬁudr@ﬁﬁﬁl?@f)atﬁbg%aﬂhﬁﬁ ewRén £NBaled 8§ QMbvealing line
invention is tHat 1t can be used for authenticat- ing
gratldgqhmﬁm:*esn(prel puttechs gmmglmfcmmdomfelprwh@ vahdmorlqﬁ dpewment incorpo-
aper,, astic ials, whi ch, 49
ratinl Ol iDOES 6. PERTT E&g)éb@fﬂwlg‘béepaﬂﬁv H@Walp%ﬂw@hs}ty information or an
entrddcB83 %bf?ét LA the Wt REMEBAEthe (B JTHEBERL of thy BElteed Met hod
can be incorporated into halftoned Bl Wor color
i mages (sinple constant inmges, tone or color
gradations, or com plex photographs). Because it can
13. Georhétae veadotsitivgs bilew 36 arat@radange inginbal ofiiese bemnt des1gns according
printing process, the Eﬁesent nethod offers hig
to diffseant icrilerana.adhe 2enIeAtHs Syapt ofdwse bgd ﬁﬁ?@gﬁép%?@ng? fach month),
ase r
whlctq}]are rév?éﬁgﬁ tb?Ich{/}ésﬁ)%n{ﬁﬂgt#aﬁsefglgﬁém{;%ahhg fhﬂg %g%lﬂg%] ;’:I‘r?]ué"fafég variety of
de31g1liﬂc§‘%ﬁ>ﬁltt},es|rﬁall@ls it @aytdificalorfor potyntial tconmyrfeiters tleontimuously adapt
Its base bands ?atterns possi bly of gradually varying
fakegidggignsiedeshggeretryy trapgln 1fﬁ*i’@“%flspat tern foreground and
background of variable intensity. These patterns can
be incorporated (or dissinmulated) within any variable

intensity hal ftoned i ghent (such as a
phot ogr aph, a portralqﬁ%gREﬂarﬁ(}gcape or any
decorative notif, which may be different fromthe
notif generated by t he

U.S. PATENT DOCUMENTS

U.S. Patent No. 5,995,638 (Amidror, Hersch), 11/1999. Methods and apparatus for authentica-

tion of documents by using the intensity profile of moiré patterns, due assignee EPFL.

U.S. Patent No. 6,249,588 (Amidror, Hersch), 6/2001. Method and apparatus for authentica-

tion of documents by using the intensity profile of moiré patterns, due assignee EPFL.

U.S. Patent No. 3,018,767 (Wicker), 5/1991. Counterfeit protected document.
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noire patterns in the superposition). Wen varying the

patterns along a base band, the corre- sponding noire
w@2a0t086387 Wi | | al so vary within their noire baPciB1B2003/004202

Simlarly, the color within the base bands may be

U.S Hapdht Woagggk ls¥o g]@rc §H9§5"1§‘1&1¢B9ntbltf§mﬁg Seth néiT(ﬂ:@we utilizing

correspon ire patterns wll then a
hologaanys amdtpbetrdotdmdomdm;)ateeﬂmnds Each of these vari ants
has the advantage of naking falsifications still nore

U.S.cRatefnit Dol §,712,Abib (Duimkevieder ot.red..ld E398g Secveitys dasiiae foy sqshigty documents
g) é t he @J@ eng invention. 9. In addition, one
SuChcaé gk pefesand ¢ediLcyr Yer with different base bands
usBLRGER 5ot RS BN SRR o tlanp SRR RBRRE 0
Carfy shakdn r
USTRAGRENE N SPRA AR, VIS DEFRIES ) EPoRRY diffraction
safeSfudaBant. i ntensities and possi bly col ors and whi ch may

be reveal ed by a revealing |ayer incor- porating
U.S ePdtére N 4516458 (Aatesn |7V IRGS| Mmﬁlogrzmdiapgarams ot prioguiging a relief pat-

e S, Rt RBTIRSauA et o

t d.patte di b
0. R SRSk R b LED R HHRBprhek mccon,
Wayn@ "Beh@RIHibBst, Unidrb©S 8200 RY speCI al i zed

aut hentication devices. 10. One further advantage of

U.S! P&entipphtdtion NeIWER, 343 (Ossrogopiivy Heysch). Methad amg apparatus for
dynam c noire patterns which vary when the base
genqn@ng figitalchedBonenignagay by mple colnrrdibaring. filed étthDfJﬁ’é“qul 2000, due
to the other. By varying snoothly the patterns
“mg%? ‘within the base bands, one may create

U. ssﬁaﬁé}h fagghcvaasa N%Ql?é??%g% géga?cggﬁayg‘ﬁ% : &{3‘%’?‘% n %’cﬁéﬁucaﬁén of doc-

i'ncorporating in erént phases
umedhts fngraiiableadrticlas by afinp dsembiaa thipstty erofde, fiad Lhthyof June 2001,due
create nmulti-pattern noires 50 WD 2004/ 036507
assigner/BRE3903/ 004202 whose shapes intensities or colors

U BB Rou o DA BRE e PS4 PRUA BRI, Fegen, Motod nd

comptih@{ Qb 16r Eféﬁuﬁg QR ‘E@a@lzﬁﬁigr Bndpal tethNariMaReSmicrostructures, filed
I'ntensities and/or colors nmay becone a reference and

11thpofolulyo200d ndessasyignesaldBElof aut henticating a docunment or
a valuable article. 11. A further advantage |ies
US {atent apithicetien OWEP3.42 mnagasraiidrsqwiy slocy F1Ysitpc By amicrostruc-

ture(s: alhs &Isuéi%g E{ers%ﬁegrkﬁ?r L ame{l{ gfl?léﬁlgptﬁlﬁ% §131d@f ]%Ueﬁ{ber 2001,

duenBdiinec HHFS. drsl ipautdessdrapplcatioe PO dppligatioh &CIT/FB2/02686, R.D. Her-
exanpl e an identity docunent as _well as

schp%o%a*reap@, Ewler,tPsza}eéé? Bigperp - Gasosis fi %}?& Iy 2002he
U. Sp q’%tce% ra%gpcatlon r18ﬂt83,5\3l\6,t 2/2605 eXr%? ror, g'Authenucatlon with build-in
encryption by using moiré intentsity profiles between random layers, filed 28th of June 2002,

due assignee EPFL.

European Patent application 99 114 740.6, published as EP1073257A1, Method for generating
a security document, inventors R.D.Hersch, N. Rudaz, filed July 28, 1999, due assignee Orell-
Fiissli and EPFL.,
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| ayer, the noire patterns incorporating the
verification code becones apparent. 12. The

w0 p@eopsnat i on of base band patterns into a vaPCHIB2003/004202
intensity (or color) inmge may pro- vide a second

FOIQE&&@%@%ENT@OWE{ ucture patterns which, when

revea by a revealing line grating, produce noire

UnitB@KigEddn PhiéhiSol 0198 0BE (Qhadidh B-AR Ndte Toenpaal), d21968f Improve-
docunent incorpo- rating that inmage, e.g. a travel

mentido privtetl muitteh fatdlpapurpese, of agndesing caumder{eatingiinpse difficult.
information or an entrance ticket wwth the event nane
and the data of validity of the ticket. 13. Geonetric
transformations allow to create a | arge nunber of base

OTHZREURL4C 40N cording to different critera (e.g. the

geonetrjc | ayou f base band, grati.ngs, ma hange. ch .
L Awﬁ;ﬁt)%%cf I%\H,] i%iqqschr EWW’E’&?E HBV%@ anl ég’&gﬁs&g ﬁfcgmmrgs inthe superposi-
tion of g&ﬁﬁ&ﬁ&@@ S Red gexlid)cﬁ@ stfcAlrk) 98urndiNdfihé B¥plEal Society of Amer-
variety of °~ design capabilities nmakes it very

ica Alj Vdli t9)11998;qmp. p0ehili3al counterfeiters to continuously
adapt faked designs to new geonetric transformations.
I. AREFERENCEBeq@y TEhe Mogé PharmenondOuvendsadsnge Prikishets, 2000, p. 21,
ey 995,638 (Am dror, Hersch), 11/1999. Methods and
PP3§3'&§ atus for authentica- tion of documents by using

The iat . N P . ' / .

. bt BT R A GEE B Rl e BB SBROTF e super

sitiof/of QBlbureiBiclodic an@drs ppandtof 3ddern QpitidseNol. 44-Nb.i50 h9YF, 883-899
docunents by using the intensity profile of noire

R.NpBidcewels,, Twhibimasiopakekndgiig] PreutiG: HEAIOA6, to 126-102,8,236127
(Wcker), 5/1991. Counterfeit protected docunment. 51

W. M@&pel)0Xpiiseser oPEsé Beoodygy0adoroduge Sccupky éeatump on security docu-

menBil U e IET TSI b B S S e ot Hdiin dot -
H.Rg?%\g?re,@’Sgl"iggg)’?Orég%EtS&%%,l\%’lE%rgsjs219@1 Dy nkued-Ry ot .

evice for security docunents

o S50 S LT LB PR of sl
Phygias, Vel.r4, NoS3, Daseppt 4Mb-418, 984, 824 (Antes and Saxer),

1/1991, Docunent with an optical diffraction saf_et%) .
O. MikemenNew UnBge-Fetatéert using Mpirgdenes3lapaniasyal of/Ampdigd Physics, Vol.

14, 5 75 JOREPROS oct e, i n parti cul ar havi ng an

JE %646%%00%&6%[ %%téc%)nel;}f 6ﬁ{ically Variable Graphics (Kinemagram), in Optical
Document Security, Ed. R.L. Van Renesse, Artech House, London, 1998, pp. 247-266

K. Patorski, The moiré Fringe Technique, Elsevier 1993, pp. 14-21

G. Oster, The Science of moiré Patterns, Edmund Scientific, 1969.

V. Ostromoukhov and R.D. Hersch, Artistic screening, SIGGRAPH Annual Conference, 1995,
pp. 219-228.

V. Ostromoukhov and R. D. Hersch, Multi-color and artistic dithering, SIGGRAPH Annual
Conference, 1999, pp. 425-432.

N. Rudaz, R.D. Hersch, Protecting identity documents with a just noticeable microstructure,
Conf. Optical Security and Counterfeit Deterrence Techniques IV, 2002, SPIE Vol. 4677, pp.
101-109.
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U S. Patent 6,273,473, Self-verifying security
docunents, (Tayl or, Hardw ck; Bruce, Jackson, Wyne,
wQ@e@aoasy7 Hi bbert, Caneron), 8/2001, U. S. Pat eP€T/1B2003/004202
application No. 09/477,544 (GOstronmoukhov, Hersch).
B. Saldaf M0G. Bich, Fppdunadnteds 6fPhot@eere fatin Weyli1§P1,ad. 1@l f t one
i mges by milti col or dithering. filed 4 th of January
Thoni28 86derbierg, “ AaBbysipatly BERFLA pio8h t@@DeShapaBmdmf i Bmc.Npggraph’92,

09/ 902, 445, 6/ 2001,
CmnHWﬁW@ﬁWh%%Pki &? g@@ﬁygﬁgggg 4nd valuable articles by

oo G SR SRR LG L, Sl s
Forurgaloiaqg; Ré71, pp/ A0, (R D. Her sch and B Wt twer),

and conputlng system for creating and
dlsplaylng i mges wth animated m crostructures, filed
11t h of July 2001, due assignee EPFL. US Patent
appl i cation 09/998, 229 I mages and security docunents
protected by mcrostruc- tures, inventors R D. Hersch,
E. Forler, B. Wttwer, P. Emmel, filed 3rd of
Decenber, 2001, due assignee EPFL and its successor
appl i cation PCT application PCT/I1B02/02686, R D. Her-
sch, B. Wttwer, E. Forler, P. Ebmel, D. Biemann, D
Gorostidi filed July 5, 2002. U S. Patent application
No. 10/183,550, 6/2002 Am dror, "Authentication with
build-in encryption by using noire intentsity
profiles between random | ayers, filed 28th of June
2002, due assignee EPFL. European Patent application
99 114 740.6, published as EP1073257A1, Method for
generating a security docunent, inventors R D. Hersch,
N. Rudaz, filed July 28, 1999, due assignee Oell-
FUssli and EPFL. 52 WD 2004/ 036507 PCT/1B2003/ 004202
FOREI GN PATENT DOCUMENTS Unit ed Ki ngdom Patent No.
1, 138,011 (Canadi an Bank Note Conpany), 12/1968.
| mprove- nments in printed matter for the purpose of
rendering counterfeiting nore difficult. OTHER
PUBLI CATIONS |. Amidror and R D. Hersch, Fourier-based
anal ysis and synthesis of noires in the superposi-
tion of geonetrically transformed periodic structures,
Journal of the Optical Society of Aner-
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ica A, Vol. 15, 1998; pp. 1100-1113. I. Amdror, The

Theory of the Mdire Phenonenon, Kluwer Academ c
woabkiosdser s, 2000, p. 21, pp 353-360, 1. Am drpCY/B2R3IM04202

Hersch, Quantitative analysis of nmultichromatic noire

effects in the superpo- )'Q/Iégf col oured periodic
| ayers, Journal of l\/bdern Vol . 44, No. 5,

We c 997, 883-899 R N Bracewell, Two D nensi onal
°l4Rgi ng, Prentice Hall, 1995, pp. 120-122, 125-127 W

1. A g)ggrﬁ)?ll f%)r éoﬁﬁ 1%%11 o&cﬁheh@% usfngrtﬂ&?é ﬁ%@én{sothe 'Hlfftg X &{?noprising the

Lared on secur oCu- nts’ 1 n or
stepsfggduce counterfe| ting, SPIE VoI 3314, 1998, pp.
254-259. H R Kang, Digital Color Halftoning, SPlIE
a) suber@esing AWBDBumpit. wﬂié-bﬁ%lay&?@r@ﬂﬁmg@aﬁbtﬂsamﬁ a fgwerling layer com-
I magin functlons%f ire,b XS Yele ses, Japan
prisimFYARingg ling grpting, the ﬁ%}’ reduc T\go‘P irq gat . 1975; pp.
o ot i i 50 R R B PO on e et o

the cbﬁpagsonlgc%é tirPor rdf8ingl®B @oculndnt, Moser, Docunent
Pr ot ecti on %y Optical l'y Variable Graphl (S

where Kub&IEIgE afks of theOpivieslalg 1ih0 gtiting tsampluwithin, thEdnaseRldyﬁr different
Van Renesse, Artech House, London, 1998, pp. 247-266
instargesrtty BaifernsTnsl Yhetp dherpiodeedTREIM PRfrEs wegeliansformation of base

ey PipbBic fifhoneon SR Phsind MR ORSEnell Py anc

R D. Hersch, Artistic screening, SIGERAPH Annual
Conference, 1995, pp. 219-228. V. Ostronpbukhov and R

2, Tl@: m’éﬁx"oﬁ%@cl%' 1t Iwietd Qe FABA a6 bihpresesliat 2@4tiong.set of base bands and
GCRAPH Annual Conference, 1999, pp. 425-432. N

whemmm parRlsDonideiss phitermy slenated figmi tHe Aeti quymm elarggtqrp, variable

ust not.i e.m crostructur tical
ShapS@JE'iﬁ‘?rPf’)Y AAYC Eﬂ%ﬁﬂﬂ%lpﬁéﬁls &‘f E}’? Ofé)c? tnllggues IV,
2002, SPIE Vol . 4677, pp. 101-109. 53 WD 2004/ 036507
PCT/ 1 B2003/ 004202 B Sal eh, M C. Teich, Fundanental s

5 LR 00 M el 3 T b e i

Bl end| ng", Proc. Siggraph' 92, Conputer G aphics, Vol
26. No. 2, July 1992, 25-34.

4. The method of claim 2, where at least one set of base bands is curvilinear.
5. The method of claim 2, where the revealing line grating is curvilinear.

6. The method of claim 2, where base bands and the revealing line grating are curvilinear and
where said curvilinear base bands and said curvilinear line grating are obtained by geometric

transformations.

7. The method of claim 2, where documents are individualized according to the geometric
transformation parameters used for generating the base layer and for generating its correspond-

ing revealing layer.

55



A eg Veryovka and John Buchanan, "Texture-based Dither
Matri ces" Conputer G aphics ForumVol. 19, No. 1, pp

wW® 16084365870 WO 2004/ 036507 PCT/ | B2003/ 004202 CeAi/NR2003/494202
claim 1. A nethod for authenticating docunents by

8. Thg?r{ngtg?c{rgort glpg ;\}v%g zhedltaagg Aag/% Ic?q?aq[)qis%a 3! n% f base baggs charac-

ri:&i I
P AR S L) ol s,

pararpel’etse gosmetrid ttahsiiounmmn payasaiets arol the Paamaenspedifing the relative
reference noir er endi ng on the result
orienditionag Peﬁﬂﬁ%F’f@G ea@d'@erﬁ‘t"?aﬂ‘ﬂg YeSej ecting t he

docunment, where successive lines of the revealing |ine
grating sanple within the base layer different

9. THe rﬁ%t%gg % cQlm 1N GHRR! ¢,§E fflﬂxgg 111\9%‘ g{?ﬁné Gsﬁngﬁ&%ﬁl%g sEBLES from the

Frns are a’transtornm yer patterns,
group af eortihaoss afespddten linedpitesapted Bhesl amd partiatly perforated lines.
enl argement. 2. The nethod of claim1, where the base
| ayer conprises at |east one set of base bands and
wher e base bands conprise patterns selected fromthe
10. ’ﬁ@tmomodm@galmph hershthe desetayer cemprissh enuliplagaterlaced patterns and

Whergébgﬁrrl%r; %\%rﬁ ng %?/erw{ltet%nsif h%:ﬁs? ag?rgl?s’r nd V\I/\l}]alre é)glt%ms which com-
prlseﬁ?etn"sf%‘i’rﬂéd hESbIdhdal iMAthiticR oﬁ%@%ﬁb%%t@ﬂ%d@aﬁﬁﬁs are
simlar. 4. The nethod of claim2, where at |east one

set of base bands is curvilinear. 5. The nethod of
claim2, where the revealing line grating is
11. Therméthodefarlaintl, Wieee thetrbiecenoé molimipait@ns wieenembazed reference moire

bands and.th I I t I
Pt B S5 e e o 5358 a0 895, SVl %8 documents

that &%rk‘{lb*vh'?@ﬁé ahthBficgrating are obtained by geonetric
transtornmations. 7. The nethod of claim2, where

docunents are individualized according to the
geonetric transformation parameters used for
12. D getodnd dldith Dawkert alyerefaetcd mbirg parems iargobthisied according to a

correspond- ing reveali n? | ayer. 55 WO 2004/ 036507
techmigye segatmkirop Apgtechniques of (a) i 1mage acquisition of the superposition of the base

layer and the revealing layer, (b) computation of the superposition of base layer and revealing
layer within a bytemap and (c) computation by applying a transformation to the base layer pat-

terns.

13. The method of claim 1, where comparing the moire patterns with reference moire patterns

is done by visualization.

14. The method of claim 1, where the base layer is imaged on an opaque support and the

revealing layer on a transparent support.

15. The method of claim 1, where the base layer and the revealing layer are located on two dif-
ferent areas of the same document, thereby enabling the visualization of the moire pattern to be

performed by superposition of the base layer and of the revealing layer of said document.
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8. The nethod of claim6, where the base |ayer
conprises nultiple sets of base bands charac- terized
whpoodiosdser ent paraneters sel ected fromthe groRQI/TE2003/004202

orientation paraneters, period paraneters, geonetric

transfo tion paraneters and the par ters .
16. T dunthgd RE CIBHS 15 SITGTS & begs 1Rk IaaEhAY S bayest §of tpnsfering an
i iQin@li ic, photo-
imagh OFtc N BBl EEA Baink TUEAEd [P RO e T pRing R, p
lithogeplect sebtégraphit, dectmppbetpgmphic o e graviogsetthing spertpmatingd embossing,
N ngs, ilg)tl,er r,ugt ed lines and partially perforated
ink jqtiapd dye SYPHmATEN RERR¥S0of claim 1 where the base | ayer

conprises nultiple interlaced patterns and where

shifting the revealing |ayer on top of the base |ayer

ra | p r (W oIl i

17, WEIEE LReDE 1F ThERLRE Gty SOM 1Bl SEpbfRERERHTRn the group
compasiigesmspaqht . pldsie wigli hankpafenc liaésncilindvemécroleases and a diffractive

reference noire patterns are nenorized reference noire
devigsampating the Behayiwwl sYNdFiciHICEPIENSBBr posi ti on of a base

| ayer and a revealing layer in docunents that are

known to be authentic. 12. The nethod of claim1,

ere the reference iye pattern re obtai

18. Thechdtund of 5L Pk R o BB E pEEefef R RftEln shegrgue of ban-
knot®fchéd), tr§MaBerafeiahtifSdatioR Bardf pdsb&lﬁ)r@ R e Rvshhetidket, tvlable article,

base |ayer and the revealing layer, (b) conputatian
valugfle produgsulabelpditad eme wiludde produgtepackngp ofe wdnablggproduct.

layer within a bytemap and (c) conputation by applying

a transformation to the base |ayer pat- terns. 13. The
19. ’J;%%:rgeotggf éﬁéﬁg{eﬂﬁ%ﬁe‘réﬂgﬁg&gﬁ airrxclflgge&g)%ge%g Iwrh%séj gotlgr% rgrrlfic’dually vary

k gt i MASH RolrBPatterns which

oo B o, B e ol Foo?
varylieved dohgs bayedingto their pasisgar ent support. 15. The

met hod of claim 1, where the base |ayer and the

revealing |layer are located on two dif- ferent areas

of the sanme docunent, thereby enab)ing

20. Thesmethpd af ¢laim df where thpbase 1p&r fndugles eﬁ%@eg PaYi9Bs plegragyally vary-
ine JAPEL S0 i el A SE LIRS ef R bl fncnsiy

dithdP6d {rh&32Q03 /04 AMRerdbimadee net hod of claim 1, where the
base |l ayer is created by a process for transferring an
i mage onto a support, said process being selected from
the set conprising |ithographic, photo- |ithographic,
21. BheomethodHictaimel . selare treobasg daysh iircludes et grhich augimggle of typo-

grapgﬁ:rghglrra%%elrsnl%mnen%ba? Teast She word of text.

22. The method of claim 2, where the base layer comprises multiple sets of base bands charac-
terized by different parameters selected from the group of orientation parameters and period

parameters.

23. The method of claim 1 where the base layer patterns are printed using at least one non-
standard ink, thus making its faithful reproduction difficult using the standard cyan, magenta,

yellow and black printing colors available in common photocopiers and desktop systems.
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ink jet and dye sublimation processes. 17. The net hod

of claim1, where the revealing |layer is an el enent
w@edogosesa7 from t he group conpri sing an opaqueP@i/ER003004202

with transparent |ines, cylindric mcrolenses and a

diffractive device enulating the behavior of

cylindric mcrolenses. 18. The net hod of claiml,

24. Tgher G %{1 §fb§%%¥ Eﬁgflgg %é?]eg]@iclare r$tglgnlssagege pfaurtglmytrgp?roduced with a
SRt ithdr&RS &RRtireat pec RS SBREVatioh laA YRS st?&fgwlﬁ@ible moiré patterns.
metailiq El rvl%I uabnggad;r]tv? cle, vaﬁ 1l(J)abI %ﬁpr oduct, | abel P
afflxed on a val uabl e product, package of a val uabl e

product. 19. The nmethod of claim1l, where the base
25. Thaygsthddéfl dsies] paikteedonsparing siee molre patteg‘nawuhlrb&ranae ynoire patterns
according to their position, thereb ene g
is dopereporsprsimesb leastions clemrentolke F&lﬁ?@a&f% 1th\ah H? ﬂﬁle eleient of the
[ according to their position. 20. The
referé&? Iﬁod&géa%ﬁla im1, where the base |ayer includes
i ncludes patterns of gradually vary- ing shapes and is
i ncorporated within an inmage sel ected fromthe group
26. "[‘Plta YR P Rain1, Qﬂ&!ré Yomparinpahe ehdidgaaemn thithabefence mo1re patterns
dithered i mage. 21. The nethod of claim1l, where th
consistige compwing neddedesorparaied e thetneire pRtiSTIFRED BIETpRAS- “code located
hg I|%h| c characters formng at | east one word of text.
on ths 5aMe(ACYMT g of claim 2, where the base |ayer
conprises multiple sets of base bands charac- terized
by different paraneters selected fromthe group of
27. 'ﬂ{e'rﬁ&g ?P&Fﬁ’?i ANRL:E ESmPAShBE nRfre (RAEARTRERY BferdRe nldife patterns
1 where the base | ayer patterns are
consfsts intdecrypsng g cade inearporatadeintocthe npingrpatiemns andk comparéng it with a ref-
maki ng %its faithful reproduction difficult using the
erencg deSEAN n, magenta, yellow and black printing
col ors avail able in common photocopi ers and desktop
systens 57 WD 2004/ 036507 PCT/1B2003/ 004202 24. The
th f t
28. fkg %Bgrotf Icaeﬁn;i Metbe\r{’% gbe%é@?yeh @Xﬁf)ﬁe%{ aﬁnﬁhﬁ%@ ither@H with a dither
matﬁ;hﬁ&&*pwrdﬁﬁqg dasaghndtpagpres Ul iere obﬁleut\nat/eahmg dmygk d@ image appears and
strongly visible noire patterns mﬁ (%
wnhc@lmr@weﬂ D EET B RAGS ARBCATOY igh ﬁﬁ?‘t’ &P H§H§X fhg authenticity of the
dom{ grence noire patterns is done by conmparing at
e4st one el enent of the noire patterns with at |east
one element of the reference noire patterns. 26. The
met hod of claim 1, where conparing the noire patterns
29. Thd Reth6fl 8F EAGE 289Dl BRtikREANS a photograph of the document holder.

30. A security document comprising

(a) a base layer comprising base bands, said base bands comprising patterns, and

(b) a revealing layer comprising a line grating,

where the superposition of the base bands and the revealing layer produces moire patterns,

which are transformed instances of the base band patterns, the transformation comprising an

enlargement.
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consists in conparing a code incorporated into the
noire patterns with a reference code |located on the
w@ a00/08k30unent . 27. The nethod of claim 1, whePE&I/1B2003/004202
conparing the noire patterns with reference noire
atterns. consists.in decrypti.n co i .ncor por at
1. TR RRBRPR QAT A R RRARRE T o RDge et selected
from \%&eﬁ? &f ﬁ@%gﬂéﬁﬁﬁ@h%@@rs, $8riabl16hapB hh@Svasihiik Mitdnsity patterns and
ere t ase layer conprises an image dithered wth
variabledblongatternmt ri X i ncor porati ng base band patterns,
where wi thout revealing |ayer the i nage appears and
with the revealing |ayer noire patterns appear which
allowto verify the authentici of the . ocunﬁpt. 29. .
32. Threscoitthstpcumer ofi ¢ipg 3 L ywasE tﬁ% B2{GHag Eesjding, within successive base
lmndggg%ﬁgﬁﬁph of the document holder. 30. A security
ocunent conprising (a) a base |ayer conprising base
bands, said base bands conprising patterns, and (b) a
revealing | ayer conprising a line grating, where the
33. ThE B&RRP Hdu@itn0bf ¢1hieh BReBefanebasandlel bempeses ahilitgle interlaced pat-

| ayer produces noire patterns, which are transforned,
ternsiandtvlreee shifiing the revesking lyer pmtapediihe bageelayer produces moiré patterns

compstsily EBREReneas PRBuEOEua0 of BT AYAEEE R Erac pitbrns.
docunent of claim 30, where individual base bands
conprise patterns selected fromthe set of

34, 'I%é%@%{)rﬁ? RbCuRARTRE1EH S0, WAEIH |1@hs§&§h01@%&%tefe@feﬂsfrom the set of base

vari e Intensity patterns and variable col or

bandiayer end sevedling Iihe is eowilinegr. docunent of clai m 31, where
the patterns residing within successive base bands
are simlar. 33. The security docunent of claim 30
where the base | ayer conprises nultiple ipterla

. . ced .
35. Tt security rpcumantpferlaims By herg, at lastiBg SHPYRPar ByeF isgpptained by a

e layer produces noire patterns
gmn%%ﬁ%&%gkﬁguﬁgghsforned and bl ended i nstances of the

multiple interlaced patterns. 34. The security
docurent of claim 30, where at | east one |ayer

36. TR B&irRY dbémit e cheh 30f whas BothaB@basedmad l@yeand the revealing layer
revealing layer is curvilinear. 35. The security
are ciodlimeanandwhere dopnaents ergéndividpalized secasdiag suthgigepresic transforma-

tion lp%(renretelrg sglke)ct:t%(li l}grd ggr%reﬂing the base layer and for generating its corresponding

revealing layer.

37. The security document of claim 35, where the base layer comprises multiple sets of base
bands characterized by different parameters selected from the group of orientation parameters,
period parameters, geometric transformation parameters and the parameters specifying the rel-

ative orientation and position of the base and revealing layers.

38. The security document of claim 30, where the revealing line grating comprises lines
selected from the group of continuous lines, dotted lines, interrupted lines and partially perfo-

rated lines.
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geonetric transformation. 36. The security docunent of
claim 30, where both the base band | ayer and the

wo eweabdsny | ayer are curvilinear and where doRCIEB2NE3/004202
are individualized according to the geonetric

T R TP ) Sl SRRSO e o
wher?3 EMP@#' etHQ rév@XIﬁ{bg layer-on tBS oBBE Bhde 14y HPEotHRES meire phtdirM8 which com-

re the base |ayer conprises multiple sets of

prise assfortathatsl Weraled dnsariceed thy muiltiflemseriacpdpaticsiser s

sel ected fromthe group of orientation paraneters,

period paraneters, geonetric transformati on paraneters

and the parameters specifying the rel- ative
40. Theiseqirity Feprmam op 6% 38nWBere thebass da/eh itirpags & piapppaque support
and ttx%}/e%reglinéig}/er-mea t?zﬁl‘ﬁge{rlsﬁtysugﬁﬁ‘l‘men.t of C! ai m 30, where

e rev ng line grating conprises Iines selected
fromthe group of continuous lines, dotted Iines,

interrupted lines and partially perfo- rated lines. 59

41, THO: R0 8xRakht HiTAihBRY) QHeROAL Base 3Qer AlithaRé At ayer are located

claim 30 where the base | ayer conprises nultiple . .
on twantligferent etbap af ther sameadngumgnie therebtyi enebling theeisualigation qy the moire

| ayer on_.top .of the base | ayer ' ten :
patiip oty BRI PP RaTap FEd ot B P PR Ef¥er of seid
docubfege.mul tiple interlaced patterns. 40. The security
docunent of claim 30, where the base layer is inmaged
on an opaque support and the revealing layer on a
transparent support. 41. The security docunent of
42. THeakeonr39 dondreere of birith@0ewhergdhe basd layiee iy @oated byg preppes for trans-
are | ocated on two different, areas of .the sane e
forigg 80 LS, O e BIRPOBn ST IBREF ST NBODE SEI8T P SR Ao cpgprising litho-
i r idTe de 1Rt rSHUBRY: id | adhepdviddie etching,
&tap ‘ase%ﬁhgg’g?ﬁ"%@hg? t (gwgéﬁggl’i ng | a?gr c%?ﬁ?ai d s e ¢
perfatatngrentbossiiy, inlhjet sretdyei sublimadtempmcessds. cl ai m 30, where
the base layer is created by a process for trans-
ferring an i mage onto a support, said process being
sel ected fromthe set canprisi n% lit hci.- g{qa hic, . ]
43. Bhoteturitnsigrapenicol paBR ol kT heetededlingp bS%O@QIHWﬁeé,an element
n [ - 2R [ ic Wi -
sele RGP Easing AALELA o AR, Mlopdd plethc with trans
parefOlensRERlindfic @liaiolend®, andhetiffrattree devieeainulgfingthe behavior of cylindric
_conprises an elenent selected fromthe group
mictolf@pisi sing a filmw th transparent |ines, an opaque
plastic with trans-

44. The security document of claim 30, where the document is an element selected from the
group of banknote, check, trust paper, identification card, passport, travel document, ticket,
valuable article, valuable product, label affixed on a valuable product, package of a valuable

product.

45. The security document of claim 30, where at least one layer selected from the set compris-
ing the base layer and the revealing layer is located on a valuable product, and where the other

layer selected from the same set is located on the valuable product’s package.
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parent |ines, cylindric mcrolenses and a diffractive
devi ce enul ati ng the behavior of cylindric

won@rosanses. 44. The security docunent of cl aP@T/BE2003/004202
where the docunent is an el enent selected fromthe

RSO e 50 B P s
grad@dilty' V%heacc\ﬂﬂﬁﬂ@w tﬁeﬂ? 'p@ﬁti@ﬁ ,théréﬁ&eﬁer@faftlhéﬁi‘ﬁj ttﬁ‘flaﬁer\é@bét@l@shﬁfon moire

product, package of "a val uab product .
mnmssoundtwﬂam@ﬂwgﬁpkm$a@mahn@Eﬂhﬂﬂpemémat Ieast one

| ayer selected fromthe set conpris- ing the base

| ayer and the revealing |ayer is | ocat ed on a val uabl e

roduct, and where_ the other er. sel ected frgm
47. adecgty PEIEA SlB Ik HE A GHF ST SRS ES @R‘%f'g‘g gradually

vary%g S }é@@gg Q04 ésqgﬁgﬂ?graf) g\él\'/t\ﬁé QQ %ﬁ%&%g%télﬁfmlﬁ hie 806POE Viiriable inten-

nt o aim 30 ret | ayer conprises
sity dithietedrinmgevinobelaroditesed igragelual | y vary according to
their position, thereby generating in the |ayer
superposition noire patterns which vary in their
col ors according to their position. 47. The security
48. Thecwruily docurpsii o Gam Ahevkere e bass éasreafemp@é%pl?qt@@@ of variable
terns [ pes and is
inte 'ﬁ%g}cﬁgooéﬁ%%%%ﬁ%%avar%ble 13‘”%}{% slejfal gt ed fromthe group
of variable inten- sity dithered i mage and col or
dithered image. 48. The security docunent of claim 30,
49, Tﬁ%egeguﬁt?edﬁﬁﬁ@nﬂ SY&hint 0PKh&E $hdPBdse 8hYEE cBMpYidés Hddletns of variable
intensifty incorporated within a variable intensity
color imagrporat®l witlie asedable cplodénageent of cl ai m 30, where
the base | ayer conprises patterns of variable color
incorporated within a variable color imge. 50. The
security docunent of claim 30, where the base |ayer

50. Thermpeuritie oarmaniabela sheylde Hiedise 14yeh qomIIsHydn image dithered with
a dlﬁlgf;glﬁdu?% ggfrﬁglgﬁlgb%g Hﬁﬂﬁt[?a'itgﬁls Wﬁ@feew\fﬂlﬁﬁofétveél ‘é]egalyg? the image

appears 'and wth the revealing
appeiatsi ane widi the rvsalapplager mdslle:ﬂ)atmtﬂsmyptan whaehi fllow tmevenfy the authentic-
authentic- ity of the docunent. 51. The security
ity ofj fesloeWre®t ciai m 50, where the image is a photograph
of the docunent holder. 52. The security docunent of
claim 50 where the dithered inmge corrpri ses two | evels

51. fée %%%}851 g ugr?etnk %F Iclatngeq H%Eemh%r os rgfd%: ?mﬂéﬁ%&é&a&f ®8 document

holder.

52. The security document of claim 50 where the dithered image comprises two levels of
authentication: the first level of authentication is embodied by a first level microstructure visi-
ble without superposing the revealing layer and the second level of authentication is embodied
by second level moiré patterns obtained by the superposition of the dithered image and of the

revealing layer.

53. The security document of claim 30 where the base layer patterns are printed using at least
one non-standard ink, thus making it difficult to faithfully reproduce said patterns using cyan,

magenta, yellow and black printing colors available in standard color printers and photocopi-
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bl e wi t hout superposing the revealing |layer and the
second |l evel of authentication is enbodied by second
wo eaelo3dsoi re patterns obtained by the super posPtrT'/Imom‘/omzoz

the dithered i mage and of the revealing | ayer. :
The security document of claim ere the base

ers, thegelye Mhen a%p@mﬂs%r%ae layeragdaevea a% ayel, makipgit %ﬂﬂ&ﬁ?f(@{ to repro-

&meW@%F%ﬁﬂ§xﬁ% gnt difficult to faithfully reproduce
sal atterns using cyan, nmagenta, yellow and bl ack
printing colors available in standard color printers
and phot ocopi - 61 WD 2004/ 036507 PCT/ 1 B2003/ 004202

54. T8k Ssectirlt9d@BYmeE 1 G H0B0, PAtsire goldpstng eiganoiad dattems with reference
revealing layer, making it very difficult to rep

moire| pafterpsRONGISSGN §AMPABRE & cprde ingerorated intorfe é@&’i&’*rl?aﬁtﬁms with a refer-

of ere conparing the noire

aweﬁg%igca donpﬁsrgggﬁg%céﬂ noire patterns consists in
conmparing a code incorporated into the noire patterns
with a refer- ence code |ocated on the same docunent.

55. The: sea—lﬂ*ﬁ A6GHKdrk Yr EREHTBNMNVhOE thé Rloife Piternh &icOrfdifte ARIOHE enabling
pat terns incorporate a code enabling its

its awthentieatiancat i on. 56. A security device for
aut henti cating docunents conprising (a) a base |ayer
conpri sing base bands, said base bands conpri sing

patterns, andﬁ& ev allngla er, wth a grating of
56. Aﬁeﬁé§ty depvisiedor h"é\%@%’k&)‘ﬁ%"?@& 'S Héingase bands and
he revealin r.oduc erns
(o) a e lﬁyaﬁgmp%@a% ﬂ@ﬂ&é@ldﬁ?ﬂ% sBErHShE PB%??
sformtig ing a I east an enl ar genent
<b>a£ﬁ6mnﬂ%féeEW 3&@%W§n?%néfhentication i s done by the
{ f:
wheE AP IAGORNiin SO tefPbESINR BE 38 cllihg LyEE BIFAER moire patterns,
wlncihhﬁe (ﬂﬂﬁsforrﬁc&mnsdﬁmr@ thg base barel paterdst thef trardsformation comprising a
conparison. 57. The securlt% devi ce. of, Ialgwgg, wher.e £ said
leastianenisagsanans ged wheredha,dpsugen %Pt‘aeﬁméﬁtéﬁle‘ﬁ ORGPR e £gmparison of sat
moite" %ﬂéﬁnlt:‘ GvithS tefe‘ffé rﬁ’(g ?ﬁ[ teRis gvtlaé:? %H@&Hﬁth@%&'e@tﬁﬁm of the docu-
oﬁklc C

Vari ab es an ctlve devi ces.
menbepeidiag Sﬁchfrnetl;lt ofatie cempdrisohai m 56, wher e the
revealing |ayer is enbodied by an el enent selected
fromthe group conprising an opaque plastic wth
transparent |ines, lindric mcro- |enses and

a
57. Hhef a‘epat@tr/udwlca@@phaen Guivhereribe base laer asrBbodigd by A plgpaept selected

fromnghe set gtnt ansparent devices, opaque devices, optically variable devices and diffractive

devices.

58. The security device of claim 56, where the revealing layer is embodied by an element
selected from the group comprising an opaque plastic with transparent lines, cylindric micro-

lenses and a diffractive device emulating the behavior of cylindric microlenses.

59. The security device of claim 56, where the base layer is a multichromatic base layer whose
individual patterns are colored, thereby generating color moire patterns when the revealing

layer is superposed on said base layer.
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59. The security device of claimb56, where the base
layer is a nmultichromatic base | ayer whose i ndividua
w@2a0t/086387 ar e col ored, thereby generati ng col oPCTIB20€3/004202

patterns when the revealing |ayer is superposed on

sai d base | ayer. 62 004/.036507 PCT/1B2003/ 00420
60. H. Se?‘l‘féty%c‘!lﬁeiqffl?a&/%é%&“ Eheabase @/,erméwes‘?sh@%sﬁevghose shapes
BT e B B S R L R s sYpBDiion moire
pattetrasyvelticls ugrgrip dwirt shape apbrding fpah¢iepostiothi ch vary in

their shape according to their position. 61. The

security device of claimb56, where the base |ayer

I ncl udes conpri ses whose colors (gradually vary |
61. Bhecssewiitygdavicet ¢edlainp sl Whwa the h@ﬁg@jﬂfg}éﬂé 8t GORPrisps Yvhase colors

| ayer s r L t] L.r i ' o :
sredy flfar S UREFERE KL L8R s0RbE, fEbs ERaiE M Bk ferposition moire
patteB@CMKiich Yagje itteegr @flors hedordibg to theRpesitibe. base | ayer

conprises patterns of gradually vary- ing shapes and

is incorporated within a variable intensity dithered

i mge. 63. The security device of claim56, where the
62. Thasecurdy devicoofnlaized0, pdetetha bassflaypr somarisep patemps of grgdually vary-

. hapes .and col ors, and is i.ncorporated wthin a color
ing pinhande PrageraTine eiaGRASIAYIRE Ml (e
where the base | ayer conprises includes a pattern of
vari- able intensity incorporated within a variable

63. %tsggﬁitgﬁe@@gﬁlaiﬁ?%,%réﬁg %ée_tll(yéii%ﬁhlgﬁs&f afibi@k OF 8@dually vary-
ere the base l'ayer conprises includes a pattern of
ing shapds-andleblrealdds incogorged aithth adltn ditheredamagdl e col or
i mge. 66. The security device of claimb56, where at
| east one | ayer selected fromthe group of base band
| ayer and revealing |layer is curvilinear, 67. The .
64. Bwcweinty dguige obcleim 86 avhare eholties Eyst cqmaprises Biskides a pattern of vari-

curvi.l i.near | r. ol . Al o- netric

abbf?5“%93?%%?9%%¥%€g?§%&gagggﬁgfﬁﬁygg ce of claim67,
where both the base band | ayer and the revealing |ayer
are curvilinear and where docunents are

65. Tﬁkdé.e‘éﬁx‘iit?eﬂeivi_%g Of BRGER5E] WRert thd BiRe BRLIEIhpiSses includes a pattern of vari-
transtformati on paraneters selected for generating the

ablelvake itcaymratad avithor a gaimbleatalergmiage. cor r espondi ng
reveal - ing layer. 63 WD 2004/ 036507 PCT/1B2003/ 004202

66. The security device of claim 56, where at least one layer selected from the group of base

band layer and revealing layer is curvilinear.

67. The security device of claim 66 where at least one curvilinear layer is obtained by a geo-

metric transformation.

68. The security device of claim 67, where both the base band layer and the revealing layer are
curvilinear and where documents are individualized according to the geometric transformation
parameters selected for generating the base layer and for generating its corresponding reveal-

ing layer.
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69. The security device of claim®67, where the base
| ayer conprises nultiple sets of base bands
w@ehb@nasdser i zed by different paraneters sel ect eRICT/IBM03/004202
the group of orientation paraneters, period
araneters ometric trapnsforpation pa ;
o0 TR e PE R B Py DS R BRRETRAER, 2 s bans

chara@f3flz QP dikeRenPparhineteRABR cRAGrdne HRArbWtofl ieatation plramélees, period
security device of claimb56 where the base | ayer

paranoaensy geresetnu iahgfbandtioneparameers padt the psrampiers whesifying the relative
. shifti the revealing,layer._on top of the base | ayer
orieniaiigy GEEEO%(?I} %tetéfés g% F’ﬂg rﬁ%ﬁ@?\g ﬁg%rrsrpr i se transfornmed

and bl ended instances of the nmultiple interlaced
patterns. 71. The security device of claimb56, where
conparing the noire patterns with reference noire
patterns consists in conparing a code incorporated

70. ThOEQukbEddiRie"F cRARI58MIRrdMhE badt lhRirebRPeses madplelideAbed patterns
on the 'sane docunent. 72. The security device of claim

and Whgre siifine tho npaelirgylayéreomtopoé thsabase daysr prodHcesaneiepriierns which
noi re atter consi.sts in cr i
con B PR BB Lo R T B BB

with a reference decrypted code. 73. The security
devi ce of claim56, where the base | ayer conprises an
! i \ f R8eference moire
71 TSGR LARER sl R e guseney st
patteti¥B@Rsisaipeanpadng aviotlh indveparated ahtorthe nagiesr patisinsewith a reference
patterns_appear, which allow to verify the authentic-
codeilpgategkon; the SgBe APRYMENL74. The security device of claim
73, where the image is a photograph of the docunent
hol der. 75. The security device of claimb56, where
the revealing line grating conprises |lines selected
fromthe group of continuous lines, dotted |ines,
hat | i ' i h 8§ QSth reféfence moire
72ﬁ#%§gégg8???§égg@?%gﬁgpﬂg%%?ﬁﬁg%ugﬁgigﬁéﬁgguIayer IS o
patteiri @gisatseid deotyptiag ai dodenimekmrsted iftpdhe nioire pyttows apfl comparing it
__security docun&nt;, packages of val uable articles and
with\agpigsasce degrypiet 639e- 64 WO 2004/ 036507 PCT/ | B2003/ 004202
77. The security device of claim56 whose base and
revealing layers are integrated into an item selected

romthe grou . ur i > . .
L
dith&re@iirixt hcePotARgobase | i fafiernsh emercatvitheats tevealing ayer the image

selected fromthe set conprising the baggla er ,ncil heni
appeafieandeviduihe ey crbnley s rameisT BAUSENSRPEAT VAN el BV é’r%?&‘g%{ e authentic-
ity o?ﬁlde d’é‘?:&%%m‘?‘t least one

74. The security device of claim 73, where the image is a photograph of the document holder.

75. The security device of claim 56, where the revealing line grating comprises lines selected

from the group of continuous lines, dotted lines, interrupted lines and partially perforated lines.

76. The security device of claim 56 whose base layer is integrated into an item selected from

the group of security documents, packages of valuable articles and valuable articles.

64



ot her | ayer selected fromthe sane set is |ocated on
t he val uabl e product's package. 79. The security
wa@leaisoss50f cl ai m 56 affixed to an item sel ect eRICT/IBM03/004202
the group of security doc- unents, packages of
val uabl e articles and valuable articles. 80. The
security device of claim78, where said val uable
roduct. i;s.an G ' 81, . .
7. By AP B buseiy G HAR R B iffrated o an tem
selechall fi@h fie groti oBgHRAA BtdéBumentB fackigeg of edluable awiekk iandvaluable arti-
| ayer conprising a grating of lines; b) an imge
cles.acqui sition means arranged to acquire noire patterns
produced by the superposi- tion of a base |ayer
| ocated on a docunent and the revealing |ayer; and c)

conpari,ng neans. operabl e r .conparing. th Caul r ‘o
78. P aRpAERRPRG Rk Spey BTEALE OF Feh ate e LBk b tomprising
the BAMCLSSSINIGNS tHRE1IMY 1l &8s IRMRAldnNOydlidbee SlodhitNgndaNEt @t least one
wthin the base |layer different instances of
otheplay¢resckested fivar thetshime getdsl insegd wpithevyduablepivdueisagkage.
transformati on of base |ayer pat- terns, said
transformati on conprising at |east an enl argenent and

where according to the_co arison, t document i.s .
79. Frocepuran dovice o] BEre0 SR by MRS ot BoFp Da PR pourity doc-
umefits Pellcirbs oi*\’pﬁﬁgolé‘taul‘jtic $hd QFﬁﬁaﬁléﬁﬁfcle@el ected fromthe

set" co prising the base layer and the revealing

| ayer is a curvilinear |layer. 83. The apparatus of

claim8l, where the curvilinear layer is a

80. mﬂtg@@{/iw of Elams 79 rwikde bAY @iluablé prodic e ad bPEEH k.
PCT/ 1 B2003/ 004202 84. The apparatus of claim 81 where

the i mage acqui sition neans and conparing neans are
human bi osystens, a human eye and brain respectively.

81. 8b apfthatus fipacteotcasion of doenndhts making ushel wep arierps, the apparatus
nMeans is a conparing processor control- ling a

COm{gEt¥ent handl i ng devi ce accepting, respectively

rejecting a docunent b .henti- cated, according
a)afedJeiﬁﬂbg lég%ﬁgﬂp%lﬁ‘g%p%gr‘tg _031%‘351 he conparing processor.
b) af @mz&%ehae(:gﬁﬁﬁﬁ)ﬁl% s Arafided B'aBduird 61:E ipﬁttﬂﬁ'nﬂ%‘&ﬁéédr&/ the superposi-
processar 1's a m croconputer “conprising a processor,
tion e ADAE layet lodamdt croud@uinepoartdstharayenlirey ley¢rhand mage
acquisition neans is a cam era connected to said

¢) andanmringputans . op8Tablel fre eopprsariag Ube afquitesi moBe pafiene wite reference

.revealing layer wwth a grating of lines is an el ement
moire patterns;

where successive lines of the revealing line grating sample within the base layer different
instances of patterns, where the produced moire patterns are a transformation of base layer pat-
terns, said transformation comprising at least an enlargement and where according to the com-

parison, the document is accepted or rejected.

82.(original): The apparatus of claim 81, where at least one layer selected from the set com-

prising the base layer and the revealing layer is a curvilinear layer.

83. The apparatus of claim 81, where the curvilinear layer is a geometrically transformed layer.
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sel ected fromthe group conprising an opaque plastic
wth transparent lines, cylindric mcro- |enses and a
walpdoRnzsdT ve devi ce enul ati ng the behavi or of PgI/iBde3/M®4202
m crol enses. 88. A conputing systemfor the
ut hent | cati on_of. docunent s_ nmaki ng. use_ of My .

s4. T RS i BT L ool i uPing MRl Bpparing means are
humar6i8§ysRess, h Quhn ei@ge] RefUesietiiwly.means arranged to

acquire docunments with a base | ayer conprising base

bands, said base bands conprising patterns, c) a

program nodul e multiplying in the conputing system's
85. Therppyratus of atdui&ledhb@sbe tayparingwnednsas & compspgptiopgpsor control-

i S DS, ot e L PP s
catec{, %b’&fi‘hi'ng 9? {R¥%8mpafiorfoREREH mhwgﬂlb&éﬁ?ﬁﬁogfs%ﬂ? g a

OW- pas Iltering operation on the digital image of
the superposition of base |ayer and revealing | ayer
in order to conpute the noire patterns; c) a program

86. THedipb&rate P ki@ 11 Where algecdneshring iptecepsoi ised mcrodédnputer comprising
reference noire patterns, where the conputed noire i
a Prqga$s0R ARMeTY dng IRBUAPSIRYE ReHLS ol Whetp Aksintagy SFAsifipR mens 1s a cam-

' r £.Q[ - ' conprising at | east an
eraCéﬁ#‘%}%le@g%tdqglﬁﬁﬁ??{e&accor ding to the conparison, the

docu- nment is accepted or rejected. 89. The conputing
system of claim 88, where the revealing |ayer depends

87. T doperadRCH i $OwhbR theltdieminLRyQcwitb8 g¥¥iing of lines is an element
2004/ 036507 PCT/ 1 B2003/ 004202 90. The conputing system

selec?¢d frblgni the @mupvdempisiigsan eraape Plostic Withwignsparedipggsicylindric micro-
i deptify-.ing the d : ' d
tensiped i iRtV i el 1T i e RS RERkISBLES, 200

in order to produce a superposition of base and
reveal i ng layer yielding the expected npire patterns.

8s. & %omﬁgtgneg‘rzﬁggrﬁ foR theSM MR flonf Aot Bhts WARIE 18é ﬁf ﬁgﬁ& patterns, the

one ected fromthe set conpris- ing the base

compuetyrey syatech ¢dmeprisgngeal i ng | ayer is a curvilinear |ayer.
92. The conputing system of claim88, where the image
b) amindrrfase to ehimagsresquisitian eeeens arrangad thaeauig dpenmeyitgwith a base layer

conmputing syste 93. ecuri. [ce conprising (a)
comgm%ﬁgéaﬁ.e 89S &% P?eg? aﬁ@s g%sﬁn%%%éifee\ﬁlésai d base bands
c) a%%&fﬁﬂl%%l@ﬁﬁﬂtﬁﬁﬂﬁg i B computing system’s memory the acquired base layer
with a corresponding revealing layer comprising a line grating yielding the digital image of the

superposition of base layer and revealing layer;

d) a program module performing a low-pass filtering operation on the digital image of the

superposition of base layer and revealing layer in order to compute the moiré patterns;
c) a program module comparing the computed moire patterns with reference moire patterns,

where the computed moire patterns are a transformation of base layer patterns, said transfor-
mation comprising at least an enlargement and where according to the comparison, the docu-

ment is accepted or rejected.

89. The computing system of claim 88, where the revealing layer depends on the document to

be authenticated.

66



(b) arevealing layer with a grating of |ines, where
nmovi ng the revealing |ayer on top of the base band

wo ag0e03¢3nDduces a noire pattern ani - mati on WhPGEIBRO0Y(®4202
patterns represent transforned i nstances of the base
band patterns, the transformations conprising a |east
an enl argenent. 94. The security device of claim93,

t he base ie
00. TES Farbpiile PF5M YEREELS ofiTe Ang PR sab L boesable for identify
ing tEleMb&MSont 4b fleUsfhonticebl @@l degeri@ithg ashiclp apealing Ilaeyst Inee,ds to be
optically variabl e devices and diffractive devijc
appli@bin offer foqroducey: Wpeipestion of baserAnd4eveaHBg &yeh @wldmg the expected
reveallng | ayer is enbodied by an el enent selected
moirg P She "gr oup conpri si ng an opaque plastic with
transparent lines, cylindric mcro- |enses and a
diffractive device emul ating the behavior of cylindric
91. T% 9519{)1%&1?3@/3‘(6 f clhf $EiMeld ¥ 160RVbiieBla®dr seledled i the set compris-
ere ase ayer is a nultichromatic base |ayer
ing thettmselayematidvhelteaealirag loparisa evmiloholeest. and wher e
noving the revealing |layer on top of said base |ayer
produces a color noire pattern animation. 67 WO
2004/ 036507 PCT/ 1 B2003/ 004202 97. The security device
of claim94, where the base | ayer conprises patterns
whose shapes radual | y var ccording ta.thei
92. Tﬁesqompaﬂn%ﬁwtw% @?éP%\ﬁén &V%?%etg? S0RE ¢ 13%5%‘?13%1% 1§ g gameta con-
f produces in the |ayer
“e"tegl}‘ﬁéégg& ??%Iﬁg %ﬁ%?)ri[re pattern animati on with evol ving
noire shapes. 98. The security device of claim 94,
where the base |ayer conprises patterns incorporated
93.Nw&ﬁhguﬁwkgmbﬁ@hgngnten3|ty di t hered i mage and where
nmovi ng the revealing |ayer on top of said base |ayer
(a) a paedugesomphving dagdtands, saiditiasmbinds counphising phiterns, an
non-nmovi ng variable intensity dith- ered inage. 99.
(b) aTereaivg layet yitde\gratimgoff livskswi m 94, where both the base
band | ayer and the revealing |ayer are curyvilinea

Whela n‘domth@ revRaling iyer R IQReRidh DAY 138¢ 43Yeb RIAdYReSH mggf: gattern ani-
mati 1?1 ﬁlg%‘%a Birs R gﬁﬁg ?r%‘i)r@seqp afisfol@d Al JFhd ggsebﬁdnﬁ%attems the

Tz erns noving up an
trans@dnmﬁoﬁwam]bﬂm leaftrapje@bigenieas. 100. The security
device of claim94, where both the base band | ayer and
the revealing layer are curvilinear |ayers obtained

94, ,gqes g?ﬁ)‘tg\ﬁ%v%e RY Tl 2051 RROBIALHRe HyeX iomEYHb IR, dn ¥bmeht selected

from the set of transparent devices, opaque devices, diffusely reflecting devices, paper, plastic,

optically variable devices and diffractive devices.

95. The security device of claim 94, where the revealing layer is embodied by an element
selected from the group comprising an opaque plastic with transparent lines, cylindric micro-

lenses and a diffractive device emulating the behavior of cylindric microlenses.
96. The security device of claim 94, where the base layer is a multichromatic base layer whose

individual patterns are colored and where moving the revealing layer on top of said base

layer produces a color moire pattern animation.
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| ayer, said transformations being related one to

anot her by gl (x,y) - g2(x,y) = ax + by + ¢, where a,
wh2@ae3es0ar e freely chosen paraneters, and wheP@I/IB2003/004202

translating the revealing | ayer on top of said base

| ayer produces a noire pattern animtion conprising

translated periodic noire patterns. 101. The security

97. ”ﬁf@é%}e&ﬁr&g’f n%et(i)llc%' JF C]I%giagzg,’f\?g%e tll?é/ bg‘s%tlg%ée}%tolﬁlg)giﬁgsz%gfe% whose shapes

ons @ becone 1
gradg@dl(yxvaty agedidiny to tel pobieibe ahd shsteahovigg theaeveatiagldyegon top of said
| ayer on top of the base layer still yields a npire

basegaxer praduass HathicdmycE SHRSEPSIURY & MaHE PatEh 2pEnatiog Wiheyqlyng moire
shmﬁﬁt' terns. 102. The security device of claim94 where
ie base layer conprises nultiple interlaced pat-
terns and where shifting the revealing | ayer on top of

t he base |ayer produces a noire pattern anjimation
98. vifssecyitytdsvics dradainy Yhovhnred base 1ayes coBWpris¢ispaiisErssincorporated

... 0f | tiple i -t . .
it Gt Ra B s RE AaB Ferry o5 wRde¥ing Javer on top of said
based@ydr Ciro@iices laghdirddattewh aithatibie whthetht apemedng varkdde mrensity dith-
image dithered with a dither matrix incorporating

ered@gge-band patterns, where without revealing |ayer the
i mge appears and with the revealing |ayer noving on
top of the base layer, a noire pattern ani mation

ears. 104. e.security device of claim.l wher.
o0. TRES Py at7ice f fiok BTy s b E iR baftb RSP Vel tayer e
curviiRar IMEwWREEYblatidg HRVIeCEalRE 1§}Le@iomt§ﬁl o8 BaAlaferl BY@Ices a moire
is integrated into an itemselected from the group of

pattegre emimatipn doingebarnasteripaichameise pitioyes nating up pRd dowr algpg curvilinear
.valuable articles. 106. The security device of claim
t“*@EFWQMere at | east one |ayer selected fromthe set
conprising the base layer and the revealing |ayer is
| ocated on a val uabl e product, and where at |east one

100 ?ﬁllfé%ecllﬁtﬁe(fevﬁ%l of gﬁa‘?ﬁil 94, YRefdBotl %i%%a%@ !ir)alilc? 1dyecaie@ie 9vealing layer

e va bl'e product's package. . The sécurity
are lrvilineardfyerd ehtamdirespdreivelyaty trapsformativens|gafron aseégeatyedf a periodic
fromthe set conprising the base |ayer and the
layer,seiddransfgrmatjans beingaelpied@ne toangther by g1 @) e82&d) Fm by + ¢, where

the group, of securit doc nts, packages of..val uabl .
a, b 3pd ¢ aredeeelehasel pAIRMELCLs, ?‘?CEW e irppyating the geélgﬁlmgt%yer on%op of said

baség%y%rgi)(ﬂ%ieg ﬁi&f?géﬂﬁcm%%ﬁio%adoﬂapY@in'gan\r%laﬁ‘é& heé&oRlid BoR@patterns.

101. The security device of claim 100, where, by setting a=b=c=0 the transformations g and
g, become identical, i..e. g1(x,y)=go(x,y) and where translating the revealing layer on top of

the base layer still yields a moire pattern animation comprising translated periodic moire pat-

terns.

102. The security device of claim 94 where the base layer comprises multiple interlaced pat-
terns and where shifting the revealing layer on top of the base layer produces a moire pattern
animation whose patterns are transformed and blended instances of the multiple interlaced pat-

terns.
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103. The security device of claim 94, where the base layer comprises an image dithered with a
dither matrix incorporating base band patterns, where without revealing layer the image
appears and with the revealing layer moving on top of the base layer, a moire pattern animation

appears.

104. The security device of claim 103, where the image is a photograph of the document
holder.

105. The security device of claim 94 whose base layer is integrated into an item selected from

the group of security documents, packages of valuable articles and valuable articles.

106. The security device of claim 94, where at least one layer selected from the set comprising
the base layer and the revealing layer is located on a valuable product, and where at least one

other layer selected from the same set is located on the valuable product’s package.

107. The security device of claim 94, where at least one layer selected from the set comprising
the base layer and the revealing layer is affixed to an item selected from the group of security

documents, packages of valuable articles and valuable articles.

108. The security device of claim 105, where said valuable article is an optical disk.
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