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SUBSTRATE PRCDUCI NG THREE- DI MENSI ONAL | MAGES The present
invention relates to substrates which provi de one or nore
t hr ee- di nensi onal i nages. There are many applications where

t hr ee- di nensiwp9808131 optical inages are required or are desPCHGB/02196
nunber of 5 devices have been proposed in the past, which conprise a two-

di mensi onal substrate arranged to provide a three-di nensional opti cal
i mage to a viewer. SUBSTRATE/¥RODUCING THREEDIMENSIORAS IMXBSat € arranged to
present a t hree-di nensional inmage to a viewer and providing a nunber of
10 advant ages. I n accgrdance with the present invention, there

i s provi ded a sulfe aPEeS®RtH M ¥eﬁFiaﬂgé’&]@6‘e§r eERnSURRETaFefp b ic
t hr ee- di nenspepalidepone abr immye thireeadimensiona heimagdest.r at e bei ng fornmed

wWitha plurality of qygle,pai ﬁén;ﬁf aﬁ{:ff@i‘éfor}§aﬁﬂeil§ Eh?é@odi?ﬂéﬁsfﬁnal

el enent s prowdlngthe viewer Wt h | nage oi nt
predet erm ne@PHLE én&@aﬁﬁﬁmai:ﬁerﬁﬂ‘éhﬁe%f °Fhére d§§B§PPéFe %é’“‘lﬂhlﬁraquty of
such poi ntsi degteesohave joesi proposbdetn dthe nsasinalwhdphi cahpr imges two-

The 190 el cMahan0lofigf et PakrafoOy €F didliad 4 PRrbbCalfaRetia

eyes of the viewer e Vi ewer obServes 't substrate
particul ar pG?tPFB?'l ¥rage R HVisYErti ons. The light may be provided to
the viewer either bwe éfavechbwndevisedm tdubstHratenasrahgeélietst gpresemaia, or

by these el epabs-ainbfliddi NhaeOBb &' A luifh k,%%aﬁnpaﬁ)ﬁméfh?ffm

(where this I S of transparent “or sem -transparent mater
el ements 3P @8VANEREFR0 pair may conprise grooves or ridges formed in or
on the substrate sulmacsccatimncewiddnptheepresent| daventipni ntthegepriavi ded

on a dOCU”E“Eoro%&LaCy'éEAQ‘tﬁte wﬂQEH@Qtafgaﬂ@édJQo( %rgseﬂtbaﬂgw Slore30
Preferably each stereo pair nts conpril ses |1 near
el ement s (paFPFEEI"Q‘?‘F?"g* s°%tr "tr%%dg’é‘@gest e 2 Y’e?‘%ﬁ’i"v ’Eﬁl%ﬁ%ﬁq% of

whi ch det er nmibednghfoxtiest anith afplurelitycof sterecdpairpafhelemagtsf reamht he
pl ane of i@es§BQ§Brﬁ£fr of elements EPEVfﬁ@ﬁbF¥Hé“vﬂéWEQEW1€hp£Hrfﬂdéé’dF

stereo pairs are 35 prefera rov so that the sanme polnt can
viewed from @ HﬂﬁqﬁﬂﬁﬁnaaﬁﬁFég rmlned distance from the plane of the :

substrate, the plurality of such point images forming said
three~dimensional optical images.
The two elements of each stereo pair provide light to

20 the respective eyes of the viewer, when the viewer observes the
substrate from a particular position or range of positions.
The light may be provided to the viewer either by reflection
from the elements of the stereo pair, or by these elements
refracting light transmitted through the substrate (where this

25 is of transparent or semi-transparent material). The two
elements of each stereo pair may comprise grooves or ridges
formed in or on the substrate surface: they may comprise
reflective printing provided on a document, particularly a
document of value (e.g. a banknote). '

30 Preferably each stereo pair of elements comprises two
short linear elements (particularly grooves or ridges), the
relative orientations of which determine the distance of the
corresponding point image from the plane of the substrate.

For each point image, a plurality of stereo pairs are

35 preferably provided, so that the same point can be viewed from

different angles.
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2 ] The stereo pairs for each point imge nay all be posi ti oned
on_a_comon straight line. The different stereo pairs may be di spl aced

fromthat | ObslegisgnNsure that the point | mage remai ns %C?.g as the
vi ewer changes his angle of 5 view, or alternatively so th "Jf%%i;%?

| mge noves: in the latter case an i #age of a noving object can be
creat ed. i.S no% necesgara/ for the succe55| e stereo
d i

pairs for a given p%t?nt ﬁﬁsg tpoa"lf@ 27 t P8 cHidh ™ Phdeed,
t he pairs cawpsidigned &G’edﬂ tQOMISD lséd'aqutt ldne-10 T‘Qpadedfferentth‘eemrmn

line, for eﬁﬂ&‘semhbeﬁer@ﬂsmc@as'f&bﬁnﬁﬁat 11@4:43'%6 éﬂé!ufé”ﬁf?éi: khBepoiht
appropriately positioned a ot her nthis

way, the set™5% S EYai q;?tmnlaﬂ( FﬁetBFf Vé?lgéf Fﬁﬁﬂ%eﬁoPﬁfsaE‘é ® bR kept
apart and5siew,prav@itedndtdmelnt 2o sthat ritherpainterinage movest einnghe t h

each 15 ot he.lratter case, an! inifge ﬁ%%vﬁ%‘gr% é@tpeéhtﬂaé’nﬁ%dﬁbdt he rranner
descri bed above, S _.not RQs§! ble to rel ate 03|

shape of the obj ectH°"é%i‘6£f"?fg Ju Eﬁ?t@ﬁ“teogstaﬁg ffFl 5ﬁer%1‘?1d
therefore adns tSowad ugiven \pebnty einagect@Obe ndosmlumed | oresa ofomnhen

stereo pairsg iGN vgﬁaeéaon&ﬁé Yali®s caﬁqsegfdhsiﬂaésaoea @ésqri%t Bsi’ﬁwﬁé '
In the case of a Mensi i nari | en whil st

froma gWer?pfr?@deQSf’mv CEE‘F‘PEai]me' 38& %x?ﬂ‘p]ﬁ@hﬁgj ‘é@( b E'°§F§?‘B‘P%d
ot her parts ¥leng angmmrvesl 3dngs Huppprepyiatelypositédnedrand phientéd er ent

anglt es of V'fé’!,batlvedltf.:f 8RERAt oBXRE S qfn kResORhPCtLIRe %éfd %éﬂls%ee-ed Haizf@ent
par S ' %O S

ur e the substrate in_ac ance wth
i nvention t °]3:rov %éf,f&‘{FP’g't iPA%F ROHITS Fﬂ?eg’edl keRki apart a“?bj Rt
the i mage nquitwentedhfvoneintansesding of dtherstijsecinBérfimeing wd thuesth ate
is viewedsfrqgpdzertai n angl es, but not Wnen vi ewed from ot her angl es.
Preferably therefor redet erm ned _ste airs ted fromthe

set of stereo pai rsffo 8t BT R M R@&rme@' p°?)b?+ﬁ’éed (’Jnt hfeﬁe t ARPPeY at ed
.i mage poi nt desaidedr apowmenit his B Possibie te xelatal thedm pheitions -

correspondi g ’amé estfpe/ i &. thid @b tgedweraddm@r qumiyl €oSHRE bbBjéct

di fferent' part .the thre I_mensi onal obje are sible fro
di fferent aﬁ% cé'é’% SOl e etl}ere VE aSFEATY 9’|’f‘§ge of T4 V5B ect e

A substr 8Pe Jm«\ilékiei@edanbﬂemﬂ tthfthbeu ﬁiteneponpa\msl can vary from finite
~ length to become elemental points.

In the case of a three-dimensional object viewed
ordinarily, then whilst from a given angle of view certain
parts of the object are visible, other parts (e.g. remote side

25 surfaces) are obscured: from the different angles of view,
different parts of the object are visible and different parts
are obscufed. For the substrate in accordance with this
invention to provide a realistic image of a three-dimensional
object, the image needs to show certain parts of the object

30 wvhen the substrate is viewed from certain angles, but not when
viewed from other angles.

Preferably therefore, predetermined stereo pairs are
omitted from the set of stereo pairs for predetermined image
points, so that the related image point is obscured when the

35 substrate is viewed from the corresponding angle of view. The
overall arrangement is such that different parts of the three-
dimensional object are visible from different angles of view,
to give a realistic image of the object.

A substrate in accordance with the invention will
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3 conprise a | arge nunber of sets of stereo pairs, each set defini ng
t he, sane i nage point viewable fromdifferent angles of view, so that in

total a kargavovsigsesr of different point i mages are creat perciPnepd apart
horizontally and vertically, 5 and at di ffgrent pr edet er mi ned spaci ngs from

t he subst rate pl ane. These point inmages contribute to formng a three-

di mensi onal rggg. nsesgrrelaﬁf d NS POLEES BRY stzggebh%;aus,d%fabne St
| i near i mage

ge or poundary, of an
obj ect), whil Qﬁfgf‘ﬁaﬁsthﬁysﬁ‘a‘hﬁé 9& ’?fg"v‘tedfa% %Bﬁ?’f“dglf’ﬂ ?’??ﬁgae“qrj"fe A
surf ace. of viewj shr ¢balli imntiobadl aoBprge nypbeal ¢y dibffexhnt waidces

(e.g. side sunfy gag) afbi Shedtda AlspaBe@bhHAHE ﬁéﬁz%ﬁtfaltlbeana Vé%all\ﬁhen
t he obj ect |s VI

[rom certain | es or, ran Q |.es
found that & 889d %a%{eg%*’e‘f‘?‘}ﬁt PR Deds SRANLDOE “bg‘r’bedu%‘i‘?%‘?ﬁ‘ﬁ% the
density of st elanepai r'Bhepse)vpdmlt imégest bentrmibetef toudloradngbla (three- -

surface, rel aldipgnk9chle hHBG@ Sond SH' kAL ﬁsbag p\aﬁwgd ﬂar,pnéogahh&hl S
enabl es a reduc tion {o be achi eved in the tere jpal rs

whi ch nust  9B&iP§y ﬁeﬂlﬁ‘ﬁa’f HEadf) 4 B Gr e TR 0= ge or bRé‘ ﬁ@ﬁ ¥i Bhet ©
previously, tle gasteofpanrebhacthe whilsthsithere may Befaneahshaling'priovi de

mor e than Q@eplrmgge {._ﬁe indd¥ €3S Burdakhber ent |mages may be visible from
resent

di fferent angl es ngs t.he
Mvent i on vi || now bk SHTRESAIPEREAUAY AP IS CeRIA L i LBARE i aces
reference to t(esg. sddeorparfaces)dvendichgsaxen amhlah oblique anglf| GoRERel to

4 are schemat vie%égr@ﬂ@nf&re %39.&:9 is WA @wﬂ émﬂd %b&egsomaﬁyech
t he present |nvent|gn 'S

il lustrating SCh@RECPEA I‘ffea{‘ave %t?b@gr Lhati 3 %%F@&ﬁ@edﬁﬂ‘ﬂrfﬁ%’ L &t
i nventi on;13n@chieved by a FeAUREL® i thdidapsdmyt of i sterag padrsiprafidect s

of grooves f%fr ahéeinmjé xse @ﬁ&s%msssn Is&rf%bl eSelative to the Rafeyer i Ng
to Fi gures 1 a 5 _substrat.e in %Esordanc h the -

present i nvenﬁ ﬁ‘ gﬁr?ﬁ?%ebemg (Y"ﬁé’\’ﬁgl Sﬁgf‘tl?&ge *n&g8°ap% ot & 1l ty
of point .i nagés, be achiéved ishithie totailecnumben\ofy stiexecoppitrs wiilqlhcmst

| i near groq,\ée%og-gédrbgggﬁg gtﬁ,stygtel n Fi gure 1, the grooves 14, 16

are ori ent%i tO form tshe rqggce:ngc; QIIJ.QJ%JS y, t%edl g ggecg pairs on t'.he=
substrate may be arranged to provide more than one image. In
this case, different images may be visible from different
angles of view.

Embodzments of the present invention will now be

25 described by way of examples only and with reference to the
accompanying drawings,in which:

FIGURES 1 to 4 are schematic diagrams for use in
explaining the principles on which the present invention is
based; '

30 FIGURE S5 is a diagram illustrating schematically a
substrate in accordance with the present invention; and

FIGURE 6 is a diagram to illustrate the effects of
grooves of alternative cross-sectional profiles.

Referring to Figures 1 and 2, in an embodiment of

315 substrate in accordance with the present invention, a three-
dimensional image is made up of a plurality of point images,
each of which is created by a stereo pair of short, linear
grooves (or ridges) 14, 16. In Figure 1, the grooves 14, 16
are oriented to form the image of a point P at a distance
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4 behind the substrate, whilst in Figure 2, the grooves are oriented
toformthe point inage at a distance in front of the substrate.

Referring twoddgihes 1 and 2, we find that the di stanc&c@f; oi nt

| mage P fromaﬁg substrate is 5 substantially equal to th gi’&%‘ r from
each groove to the intersection of tie lines normal to those grooves:

t he i mage | el ow wSubstr or, t rooves or ridges of Figure

1, which po??f‘?“ﬂf)mgﬁ’ﬁl ?uﬁﬁﬁé?gg’e gﬁ%{:hép r}g‘tﬁ ke HAR grg?ﬂﬁ%t?ﬁ?e f or
t he gr oovesovnientetdo 5pm.gmepcanmmegep@tm digtdorewan df sortowdr ibeeach

ot her. substradet Wi Ré £ ¥ BRPIES | Biidkdhal am POI Bk eqRECtRapr efeced

by each ste ai r of_grooves I.S Vi Si |y rticuylar angle
of view (or ?D'Pﬁ? ed ﬁg‘@ oPPARYI e§5""“g%or{;I fﬁ°‘b0|ﬂi %’3@ l“l"F"‘em’;tFn in
Vi ew as thesubstantiallyr eqguad hagthe ibisifangecw, frhmneﬁdn tdnegovst doetheair s
are provi deﬂnt@@é‘ébtq&e@fl ‘e lﬁtéQthi-ﬁaPW:b afhSo eraa@g Fepet HARget he

successi ve r rs ced in_positlon, orj entafion
Tl ative tob 16 detow i SdRbtraer £OF, BRE  wrOoBRS vt FisfHRE Arn3ioRERml ns
substantially whachomlyxtaynﬂae’d\lve\mwamﬂseseaws dicheeek f r amd 28bevelethe- si de.

Al ternati VertYhstEﬁﬁ:é‘me%%eV%r%BQEQOoPaHégéQrotﬁ Piy®e 2, RAi%h b@&ﬂ% . e.
i nt ended to rOV|d e, sale point as the ‘viewer foves his

head, nmdy bR egzqwﬁrg Sﬁgf’t?meﬁhd orientation relative to each
ot her, so that the125wx131attqadamlentnatﬁdg@mpp%wwﬁmnbmgasp tpreduceder

al tertshhl S by a¥dhe Qféeyé@wpalﬁ tsthdﬁibvéé‘eléhr\?fsﬂl{ganétha'fz‘dﬁigﬁ {m%/
glve e i ressi qn o a . novi_Nn angl.n ecC ra a statl C
obj ect . it it g By Bea9aRY; o o 1A SRHCTonar “Oheins AR i F87 30
stereo pairs,pointi dredet boaremain dm yiew| amdwhepoilewer alters hissangdeed

al ong ails ngs (o/sterm SRER FBRAHUERSréS caaltr@aaréI;%vmedaceséﬂlé}&et:@lwe

"di spl acene referre act unnecess to-
linmit the pg EPR i bFF n%w%fa'??t% !ﬂgc‘éﬁ%‘(‘ve lE'“r"i}f"err eotr]'b% FLCTFP Y] €035
Ref erring tpabrguey Pe éhsplatedsinapositieniand @frlentst:epecrwmsre teom

~+SPt 'to -SPdacrrbeReed te Bheurdethhe Qﬁéntrelatbﬁa%lﬂtf i iEye fr%ﬁ&@ﬂg
angl es of v n t.h| S._case e stereo

0 b1 oncd BRSEHI o AT RREY S rihe R T hP PR hie cheRe thara <
to the @%nehde-ty-sideh pair
Alternatively, the succe551ve stereo pairs for a glven
point image, i.e. intended to provide an image of the sane
point as the viewer moves his head, may be displaced in
position and orientation relative to each other, so that the

25 related point image appears to move as the viewer alters his
angle of view. In this way, the three-dimensional image may
give the impression of a moving or changing object, rather than
a static object.

The above-description assumes that the successive

30 stereo pairs, related to a particular image point, are
positioned along a line (with some departures from that line,
according to the "displacements" referred to). However, it is
in fact unnecessary to limit the positioning of the successive
stereo pairs in this way. '

35 Referring to Figure 3, this shows a succession of
stereo pairs, from +SP1 to -SP1, arranged to provide the point
image P from different angles of view. However, in this case,
the stereo pairs are all positioned on a horizontal line H.
The angle # between the normals to the elements of each pair
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5 I's constant, for each pair to provide light to the respective eyes
of the viewer. The distance (2d) between the el enents of each pair
vari es accowdiog@sise t he foll ow ng: : t an PCTIGBIZ/0%196
tan (a + [err]/2) = (a + d)/z tan (a - [err]/2) = (a -
d/z where the image point P ap;’pears a di stance Z behind the
substrate pl o€ ;?ﬂ‘%: Wo%]%aﬁﬁrbéff't@c; ;Jr‘cﬂﬁd%nl‘iﬁhﬁhté h@he respecessbve

€

stereo pairs ar b g essive stereo
pai rs transpe¥eg of ¥ I"l"@WSﬁ a The Aighe Fel Prl%) ﬁ:"'&??c‘? TN
ref erence toeachPp#ir evaxies accordingl tiottie cirsldosfing:t hr ee- di mensi onal

obj ect vi ewed ordi naril yuay lgen g/glblst froma given angle of view certain
15 parts of the object are VISIb|e P t her Bqarts (e.g. rear surface or
remote side surfaces) are Jdred 018) pr o Y/ ealistic i mage of a

t hr ee- di nensi onal object, tdwn (khe #pRpe=néeds d)y2 show certain parts of

the object when the,gubst Vv cgragﬁr@wheﬁehm thet
when vi ewed from ot ﬁ@ré %nﬁﬁéein{a%e bSY,\ﬁé P appeats in_Fi

stereo pai rss‘dPétm?tEEIa"e pBf bElPY; ﬁhﬁnﬁ‘l"’éézBPt#e&/mﬁo"Ph ﬁe%’gl at ed
| mage poi nt kiccessbee sttsradhgairshareudtigeed. is viewed fromthat

angle. ReBAGLLATs | ohdi ) ¢S sdcadbh e tar&&%os 214 Nada s poledof

stereo palrs (for view™n sane | m ol nt r rent 25 angl es of
view) may betar AdRgen G‘ng‘é’q’rﬁPPEBﬁt é{lng, ng I-fies ’rﬁb %be

vi si bl e over raghpags. of angles, as the vi ewer noves his head up and down

relative to the substraige ?ﬂ(s@ oa?oaa' 'tEI eeaaﬂnéﬁélsm hsb§ab@t rvﬁiteﬁled

- plane): the vertlcal ara

n S gxI's ten ed
providi ng a REABBRATEYY of §f—'ﬁ1 WRilsk: §98‘F 8t @ﬁé’&“pﬁ"\éged@? "r?ﬁ%’a}r?e
| mage poi18, partsropahal bbljetbraxzoniaible neherhpacteninigs neaveam'fm

bei ng app! B%p{-éﬂééé Vs fiS @u@%ﬁéeé) AP cAREa0r P iprevital a nasdfistik .

relative to the correspondi ng_el enents of the, other

 Referring. toippggerefsa §h§ﬁﬁs‘?’r"é\‘frés’ﬁ?a&cé’8p&5ﬁ6e%ﬂlhg%% PR RASAS &8 wit 1
typical l y cospbwseentaingearusiosr the ebject when dther svbghirate imctiewed :

def i ni ng thef%ﬂiecé anpé)ﬁ%es, ﬁute%b.' Gh&ﬁom&béé e othgkesngiewi ew, so

spaced - %part hor'l?hé’@nt a9 ¥ °éfﬁd 1“v5r‘f63{’ggl fy sge’éﬁﬁ lgesrg(rjaeﬁceoﬁtgitn ha

for certain angles of view, so that the related image point is
obscured when the substrate .is viewed from that  .angle.
Referring to Figures 3 and 4, these show that a set of
~ stereo pairs (for viewing the same image point from different
25 angles of view) may be arranged on a horizontal line H. The
image point may be visible over a range of angles, as the
viewer moves his head up and down relative to the substrate
.(along a line parallel to the substrate plane): the vertical
parallax along this axis may be extended by providing a number
30 of similar sets of stereo pairs defining the same image point,
on parallel horizontal lines, the elements of each set being
appropriately displaced (in angle and/or horizontal position)
relative to the corresponding elements of the other sets.
Referring to Figure 5, a substrate in accordance with
35 the invention will typically comprise a large number of sets
of stereo pairs, each set defining the same image point
viewable from different angles of view, so that in total a
‘large number of different point images are created, spaced
apart horizontally and vertically, and at different
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predeterm ned spacings fromthe substrate plane. These point | mages
accordingly contribute to form ng a three-di nensi onal i mage. Sone of the

I mage poi nive oglsist oget her define a |inear i mage (i.e. égﬁ,%

boundary of an object), whilst others 5 may defi ne "shadi %rovi de
the image of a surface. For &n image of a surface which is at ban
obl i que an ni t achi eved by
a qr educ%Pedetéﬂhi%ge ?S‘éﬁhg? af’[g‘%)q_' 5%?’?% JF i%rhe g‘hesesﬁﬂéﬂ;at e,
rel ative tolpdfes r\%@@r&m&lé’urcm@&mm ht¢ sfo¥ming| & Othremidigensional

As shown i nifgsy € Somet bg Rhef ih@gé)fpdlhﬂ_sgﬁlaswﬁoéé%ér def it 98near

det (o] n the reflected, and
over i on [Biad 3930 nd) 0uG8 LI SERANY 68 pRCebd ) el sbheEs” na

di fferent iRy aﬁhéd}!}g\'h §PbP’é°‘f’fQﬂnfdﬁef fimpget ofingl swrfdces ew. t he ‘
effect can al so beFor as elhdge @EN&r shkt £od Qahﬁ:lhadbngt &E\Cbﬁl(lq%%nﬁﬁeiél ng

t he bri [ conput er efer used to
gener at e dg€an§§?§| nle&&e % goq\ inages dreefqlt?ll}"éan §2PoPf Sebég‘f’?‘gdg’y
t hr ee- di menselicrp Fﬁag’é‘"el ﬁ@ﬂ&élf—ﬂg athestareer Watiinens formed r @ t ther ovi de

" correct Shlsitatie Ot eQbitpet B0 0fhd Nignagenae ECQﬁfﬁéé)é’ﬂ'ﬁ-lﬂﬂx 5Q {heweqrts
of the taj eftofifto ri/l sible fromthe correspondi ng angl es of view), and

al so tak| ng accoun reduced densities of stereo pairs which can be
used for the i matgeésoﬁFh‘-""tfﬂ;)I-"1flql§'é,l‘§l“§ar‘1"451(:"6!13a PXStiTReot obipritoove pressr ably

ar r anged t@dﬁﬁﬁmaeethenébaﬂhélg-ange%ftéf}ﬁgl@sf kareq thIvl?Ié}P ﬂﬁt@ itﬁghf‘ order
t t t sucface area o rage
0 optim Se“t‘ b3 fle&t%d i Ocn’eqj '}é’l &h % W@?Fc°89p8§uyée§ﬁ‘§7 or TBifer

Either a han ca ‘engravi ng, ect roma
et chi ng prd%%fs%tcaﬁabe hes dit 1 bigadana® ethatie dci:ftfsrlent-o intage3(parizui axel

pﬁtternlsf wisine ﬂr&bfnSdiﬂféh@nE Iarn‘zyuegwﬁwiﬁvﬁ the erfbét %arﬂ@é.&rﬁée is
t hen proce a oW i n.1he, are forman
embossing s %&] e? 8 %88@9%‘5&? e Sh?%’érhg us&f %t o):?rrp‘fc&tsr aﬁé@go |
substrate: ‘Eﬁlqwe?ﬁaﬁﬁl §h& lma%%atl ng of lacquer carried on a support

nmenber, to formthe cimputest iatEreferablyi dgeditidiganeshtefaatal heeinidde

.elenents of e e ei d QLU Es

A corna el < enfhs neRRibed 8 SV Mheh O o tiRB R o, o
stereo p’éi‘argeel éﬁﬁﬁ?@lﬁ‘én‘%}ﬁe interreptone r@%‘&b’?@r e pravige goxiveetent:
of val ue, wbsmrationhb&hpastsubf ithiecimhyger ¢EbLEESPEhAing to the parts

of the object not visible from the corresponding angles of
view), and also taking account of reduced densities of stereo
_ pairs which can be used for the images of "oblique" surfaces.
25 The computer is preferably arranged to determine the placing
of the different stereo pairs in order to optimise the
utilisation of the surface area of the substrate. Either a
mechanical engraving, electro-magnetic exposure and/or other
etching process can be used to transfer the data into the
30 required pattern of stereo pairs in the first substrate. The
first substrate is then processed and procedures (known in the
art) are followed to form an embossing stamper. This stamper
- is then used to impress a second substrate, or for example a
coating of lacquer carried on a support member, to form the
35 substrate or coating with a relief pattern (the elements of the
stereo pair being formed as ridges or grooves). Alternatively,
a printing plate may be formed, so that the pattern of stereo
pair elements can be printed onto a substrate, e.g. a document
of value, using ink which is sufficiently reflective.
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7 . The invention may particularly by used as a security
feature applied to a docunment or other product: the pattern of el enent s
is particulvobgosissf ficult to replicate, especially if PODGBYMI6t S ar e
transposed as shown in Figures 3 and 4 fer 5 exanple, because the pattern
of elenents bears no relationship to the shape of the imge which they
form | tewé | {ndEitainn eniyaipagtibalabyyt bdnepedi ag theestreitw

pairs in Lhe. TAnAe! Jd83¢LhDE a LBEYnERD. cnﬁo@haybPH&@gtdaCE@gxatteiﬂeof

surface of tH¢ ern manne avol ds cro ﬁ fferrents
di fferent miemenﬁ%geearﬁw&%}w aighipuld, to reRiieRy ?erﬁ’e(?rla f¥et¥ering
Wi th each oty )elckitthtEla® rraneposed aseshbwn hin sBbgures e3 samd atefor ea.

8 S YRS redhe s¥hsR1p |
arranged Po eﬁfaénspelﬁt' kepppsg the pa&ng%‘gf%fnaleg%%‘}:ga?e%nag?to a Vi ewer, the '
substrate betmghe shepse@futhe imags thichc theYofOBRirs of spaced optical

el ements 5 (14, 16)reagiipad appreplintall thetmsy ximisppsdngatpedstered r ect
l'ight incident, thereon to_t | e [ d
viewer is pé%?’ﬁsor"f‘é’dggf amr'%ﬁec?eéracﬁn&tr?eé @X?g 8%" \a/'?éév‘vﬁ \c,%f‘trmbmga acrééé
linited rangéie)fﬂmfglcesoﬁftfﬁ é\HbS&ﬁétSo“gﬁ/é‘aPﬁér thléwldz?ncrf’ﬁﬁb’%g of

a COMDAg Paid!t eldlentHCaiiFterant apdinpr edmagesi nedgdtbénnc¢ahd onso he

pl ane of the te | b skengnt s
(14,16) bei n brséaercr%&% eépgiontt lr?hg "%:%!rr{ égg%n ngﬁrru%{‘ R\Hllfz%tl;/' of poi nt

i mages (P;Smfcl‘th%(ﬁ}lbﬁﬁﬁﬂﬂes‘#’bﬁﬁ%éir&at hr ee- di mensi onal i mage. 2)-
A substrate as clained in claiml1, in which said 15 optical elenents (14,
16) are arranged to reflect incident light to the viewer.



3) A substrate as clainmed in clali m_:L_L_n_mb.l_Lh.Tsai d optical elenents

(14, 16) are arrangggsghget;ﬁ;g@,gke iabahtSHEE'lTHASSBEENt ed through the substrate
to .the viewer. ate%pm{tmmad ifn any one of clainms 1 to
3, in. %ml d lﬂ%“ﬁ '

~HA—6)—copti se Boio Ened in
t he surface of the s A substrate as clarnmed’In any one
of clainms 1 to 3, in Wmch sai d opU%aI el emrents (14, 16) conprise
ridges fornmed on 25 the surface of thgaswestrate. 6) A substrate
as claimed in claim2, in which said optical elenments (14, 16) conprise-
reflective printing forned on the surface of the substrate.

9 7) 1) A sul@ststmse'-rasecMaﬁqbdi'snaanyngeéce@ipngesmai mnd PIwrore

eac hr s ?;fl Egbéeoém?ﬁéia&aﬂ (. erérﬁio ﬁvovmxt |ﬁ1|§q@;2éubstr%lt‘énent S
i i .

correspondy’ﬁénﬁoﬁeqﬁm‘?‘*rﬁdgh(ﬁ)pvr 531 °f (Fheree Bairs tCer gﬁB%’E‘T’%ﬁ gach gy

A subst rat etexeo| painedf relenentscprdiviiging divg viewer whtbhanfimageaolf poi nt

i mge, a sgl RfintAidt PAl pre@btOPhifdd dis€AREENESoh Léne 1BlaAk € ol Fpkded,
such that ea visible fromdifferent angles of ,view

g
10 9) g’ﬁﬁg?{:ﬁt e!l"ga é’IiRFPréﬂtl’n"él S4Fhg PQIRtinages; SOring saddst one
sai d poi nt thlrageqlmdmsmnalcaipta'lcamedmaqeém 16) relating to that point
i mage are displaced froma conm)n l i ne. 10) A substrate as cl ai ned
in claim?9 |nwh|ch for esal Qi nt._ i npge, theoptlcal
el ements (#1, 16) 215 ‘Plé?ta’f%ﬁ; £8 t‘ﬁfﬁ “ﬁ& fagemarte Ug #hifRd 83id,
conmon 10 |edeimedhs cire iarranged tolgefleck S-nbsdeat elnzhtc ltai tikel viewalrai m 8,
in which, for at

3) A substrate as claimed in claim 1, in which said
elements are arranged to refract light transmitted through the
substrate to the viewer.

4) A substrate as claimed in any one of claims 1 to 3, in .
15 which said elements comprise grooves formed in the surface of
the substrate.

5) A substrate as claimed in any one of claims 1 to 3, in
which said elements comprise ridges formed on the surface of
the substrate.

20 86) A substrate as claimed in claim 2, in which said

elements comprise reflective printing formed on the surface of
the substrate.

7) A substrate as claimed in any preceding claim, in which
each said stereo pair of elements comprises two short linear

25 elements the relative orientations of which determine the
distance of the corresponding point image from the surface of
the substrate.

8) A substrate as claimed in any preceding claim, in
which, for each point image, a set of said stereo pairs of

30 elements are provided, such that the same point image is -
visible from different angles of view.

* - ¢ L " S *



| east sone of said point inmages, selected pairs of aptical el enents are
om tted such that thostigBaeddHss RecRphsaueadrf AASHEENE] ect ed angl es of view,
@@q gppf ace

renoval in respect of

t hus . provi di ng hidden | hi
the three-di Rpsdais 2) _ e as pbdk {op any
preceding claim in whi e SO of said point imges (
together define a |inear 25 i mage. T% A substrate as claimed in
any pL ecedi ][l_ggsl alh M A TeuMitete ad! ch83nbaSeAE cAhimdisd RO WihicMBIeex( Bk
Lpget her ngﬁs; geﬁa;tagﬂeg%aé& pSiX Wade, L1 'T2HALE 2P L @ Oknde ppjnt
14) A substimage asechispdatdd) froni a ¢ommem ineh sai d point i mages
define shading to provide the image of a plurality of surfaces of a
t hr ee- di mensi gnal object . in ich the.density .of sai.d opt.i cal el enents
for relativel }Ogm i gl %”Tté'ggg 8f gmth APe&L8tMedsi afal ecttO%r g‘%
reduced in Eodpastswe saidhpoinptimege, ctieermlepents relating itguthatdodads of
said object. jpagel@le poditSidid dhCadsomhdn 'skidbridty Rgeedi ng claim
arranged to present ‘a plurality of optical imges to a viewer, said
optical images being visible fromdifferent angles of view 10 16) A
substrate as Ghai med A reukstrpteced cdadmadinini glakmcis, in hhighyi dor at
el enents of dhbheteabBaidss da3ue gdinterifialyes, OsulectedC@tieredl palieki lage to
control imge Dl ghiNess, 3Gt nddB P8ines NATLRIoEPLA F¥or D81 8c0la Urtes

10 of view, thus providing hidden line and/or hidden surface

removal in respect of the three-dimensional image.

12) . A substrate as claimed in any preceding claim, in which
at least some of said point images together define a linear
image.

15 13) ‘A substrate as claimed in any preceding claim, in which .
at least some of said point images together define shading to .
provide the image of a surface of a three~dimensional object. .

14) A substrate as claimed in claim 15, in which said point

images define shading to provide the image of a plurality of .

20 surfaces of a three-~-dimensional object, in which the density

of stereo elements for relatively oblique surfaces of the

. three-dimensional object are reduced in comparison to the
stereo elements for less-oblique surfaces of said object.

15) A substrate as claimed in any preceding claim, arranged
25 to present a plurality of optical images to a viewer, said
optical images being visible from different angles of view.

16) A substrate as claimed in any preceding claim, in which

the elements of different stereo pairs have different cross-

sectional profiles to control image brightness and/or image
30 shading and/or angle of view.
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