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Opti cal | mages The present invention relates to substrates

whi ch Wods208820n€ or nore optical images which vary acceegig®risst he
angl e of view in dependence upon mcroscopic reflection as opposed to
diffraction. 5 There are many applications where such
optically vari abl e i mages are required or desirable: one i nportant
application is to provide a secur2RbicabpInagesiion on an article of

val ue. Cenerally hitherto, relatively conplicated nmet hods of manufacture

have been necess I n_order_tq_produce 10 I cal var.i abl e i ma
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count er f eppposed t° diffrqckdear-dance with the present invention, there is

provi ded a subst red@ravhi She i SnaHy ar&}g& t&ﬁ%wg desHlrd S&YerPNGp tidptiyeal |y
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vari abl e |nag t he, substrate béin med with a plurality of 0 ps of
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or 11 dgess5f L8R Re kmaper . BERRRRITY. Pi Bhelt sy BRARK 15 pdT, Spuilg Heed oS
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or dges Alternatively, strate
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respect i veanngee fofrmeidewith Bhisamdlorx ayray Qﬁvpnxahglﬂhm&hvmaWp tthem mage
seen Qg t@@rylgygglbglgan BBuﬁ%eQEelkght reflected or refracted fromthe

different pixels, but pi cal onlx fromone el enental area of each
such pixel. As 'In accor@epgg/zgggg the present invention, there is

PCT/ GB97/ 983862ded a substrate which is arranged to provide at least one
optically variable image, the substrate being formed with a
plurality of groups of elemental areas, the different groups

20 forming respective image pixels, and the different elemental
areas of each group being formed with respective grooves or
ridges or sets of grooves or ridges, the grooves or ridges of
the different elemental areas of each group being at different
orientations.

25 The substrate may be arranged to be viewed under
reflected light, the light being reflected from the grooves or
ridges. Alternatively, the substrate may be formed of
transparent or partially transparent material and arranged to
be viewed by light transmitted through the substrate from its

30 rear, the light being refracted (or refracted and reflected)
by the grooves or ridges.

Each elemental area of each pixel directs light to the
viewer only for a respective angle of view. Thus, for any
given angle of view, the image seen by the viewer is made up

35 of light reflected or refracted from the different pixels, but
typically only from one elemental area of each such pixel. As



2 the substrate is turned, different elenental areas of each pi xel
reflect or refract light to the viewer. In this way, a dynam’cally
changi ng yag8¢3gs Produced. The grooves or ridggsy F;

el emental area may be 5 parallel to each other, or substantla ?y paral | el :
I n ot her wor ds, the grooves or ridges may depart sonewhat from being
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up of two grooves or ridges, or series of grooves or ridges,

forming a stereo pair, the two grooves or ridges or series of
.25 grooves or ridges being inclined to each other so as to be

viewable by the fespective eyes of the viewer (at the relevant

angle of view for that elemental area), and thus forming an °

image of a point at a predetermined distance from the plane of

the substrate: this distance is dependent on the spacing and
30 relative angles of the two series of grooves or ridges.

. A plurality of such "point" images is provided by those
stereo pairs, of different pixels, which are seen by the viewer
at the relevant angle of view: the plurality of such point
images together form an overall three-dimensional image. As

35 previously described, this image changes with different angles
of view.
Embodiments of the present invention will now be
described by way of exampies only and with reference to the
accompanying drawings, in which:



5 angl e; and FIGURE 3 is a simlar diagramshow ng a group of
el emental areas having grooves of successively different orientations.
Ref er ence W 9820882 st be namde to Figures 1 and 2 in 10 or derPGHGCRYIPU2,

principles which are used in substrates i+ accordance with the present

i nvention. Figure 1 shows a set of parallel grooves 12 forned in a,
substrate 10 whi chFIEURE jht dfderl Cdagaam esReViPder rettefedrefifttive

because th%roo‘ggg)qsﬁesa l2upswrdeeal lel to the top and bottom edges of the
15 substrate 10, t%gg\l(,&zitv\er wll only, see li%ﬁt reflected.from t hese

grooves when the s e?101%s ¥riTHEPSuHAIER" t FEOYING 0dve§Shr e°F
hori zont al reflechie siwwes dreet substaedld ebut ogieoted 22 ahdififerent
i ncli nedst%r{ & I o, @nd bottom edges of the substrate 20: the viewer
will only se i‘ght reflected 20 fromthese grooves when the substrate 20

i s turned through IGUREor3 edsondi rimhipe CaBGRamanSBRViNgerdeSFRH aPlt o

its plane).elemdixdl | Rrddi WaRA¥RS §£oo¥ed NBEI ZonEabssiveNyat d9Pferent
Figure 3 shows a r,ouFSOf successive el enental areas Alerr] to Alerr],

each for me®RitH of parallel grooves 12[err] to 12[err], 25 but with
the grooves of eacRefetknekenrill ofiestedheatnade angl Figures t he agrio@ esn of

the pregcedi ng, el enent of the_ aroup. .Thus,, . . as_the_substr n | C
this grf)‘gp °(§%eéﬁ e?r%nfa:é(p g8 (T,cnlplelss ‘f%%da¥ﬁr§ﬁ§'ﬁ %bfée%iQF%wa;s tfn
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become vi sigy eg%?a%}ﬂ@lv'%véél 39 ;%Et %Jggi Or QUR B RLREEN§ GNP ysed

to formone pi an | mge, a ect i.s _that rotation of the
substrate intgrsifftedo ihe evieved pndsranrefh8GERENtL iM% hat Rficasise the

Tlhus, | a SU@S:to’f JRkefs | nza@cxiar Qﬁl@ﬁlwﬂ ht&heh'ﬁn\wgi ija}ﬁisottoﬁoremg@smdm the
plurali o] roups of .e ntal areas,.the 35 di r.e r S oLn ng
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WO 98/ 2038@rooves 22 which are inclined to the piop @gy/eftom edges of

4 Vi ewhd heupEreLteeg0: by thee i aver wwadﬂl?p sele l1igHt refieétasted
fromthe different pixels, but onlyﬁgrom n enent al

ar of each
such pi %@l T&9% ¢ rFROYBRSVAGE HBE Su SEFPFFagtq arr etf‘f’%'b?cga‘éth’ao?‘ﬁ r8is
no i nterf erceredpiviian angled (kbght: anaysx pagsinppridiemtse toubssrplaneép, t he

vi ewer. As ‘ 5&&9%" ' roed ' r agl.ng angl e,
di fferent ttdﬂl%eﬁlenr?ent a %%%Ysé%fﬁgagﬁ %%(%%igéﬁpg%t?ﬂgﬂggﬁgg?ﬁe Vi ewner,
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resol utionQf A hedakdi Wdlyala GF09yes SBY be garhaWell @®oddd arfntoEash,
elenehtgé ?iﬁ?vg§X1Qgésg%g%v%géggegagﬂnggéh element oriented at an angle
to the grooves of the preceding element of the group. Thus,
as the substrate, on which this group of elements is formed, ,

is turned through 180° in a counterclockwise direction, the
successive elements A, to A, become visible to the viewer in

30 turn. The group of elements can be used to form one pixel of

an image, and the effect is that rotation of the substrate

prodhces, in effect, a dynamic movement of that pixel.

Thus, a substrate in accordance with the invention is

formed with a plurality of groups of elemental areas, the

35 different groups forming respective image pixels: the
different elemental areas of each group are formed with
respective sets of grooves, with the grooves of the different

elemental areas of the group being at different orientations

within the plane of the substrate. For any given angle of



of grooves, although as few as one or two grooves may be provided in

each such el enental area. In general, each el enental area may be as
smal | as Wwogseossas but there is no upper linmit to its ptERsBo}B062-

Al though square el enental areas are showp, they can in principle be of
any desired shape and si ze. Al so, whil st strai ght grooves are shown,

they may imieead beecuinvage Oseeh byarghet h@éwlébapﬁs :i}ar&éﬂ?h t@ﬁ gl’[lﬁ%}rteand
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vi ewed by thatr esy:ig«nairmisadygs chfantg’riagvimmrfe, i30 pmw\idyasl f]?rtmhng ag |rratge
of a point at a pr e o n ram a@y ane o substrate.
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di fferdft as PjR&FEONwhi ERChr elgaenta@ ahearmhyvanveaagLfedefs1redvvnumbblrre

plurality ef sredbwnt an{{gggg\lht qget ﬁ@{, B R Qverdld [EJEB%%esC’)E\Pa%n Eave

di mensi onal _inma t he principles of e inven
been degf?vbgadw o oeash eﬁESh T3 } atE Sor medl Wi IR ve s canh
to be vi enetlemedealr afdeac rexy Ibegfﬁs (she1li ght sbeiirg-onef el egheref F@Mbhe

rooves t % ot st.cate may instead be WO 98/ 20382
I%CT/ GB97/0 h,gg%% Binic! B8 SHESLIZRS 5 transparent and forned

with rild@ges inst eddBiougloammre erlemendailngriepd iagiet shoems nithiegd calr dngh
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ri dges.

d ai ns straight grooves are shown, they may instead be curved or of

any other shape. Further, the grooves of each elemental area
need not be absolutely parallel to each other and may vary in’

20 orientation within that elemental area. In other words, the
groove can have the property of a vector image or pixel
orientated image or any combination of the two.

In a modification, at least some of the elemental area
of at least some of the pixels may be arranged to contribute

- 25 to a three-dimensional image, in accordance with the teachings
of our UK patent application No. 9617314.1. Each such
elemental area is made up of two series of grooves forrming a -
stereo pair, the two series of grooves being inclined to each
other so as to be viewed by the respective eyes of the viewer,

30 and thus forming an image of a point at a predetermined
distance from the plane of the substrate. A plurality of such
point images is provided by those stereo pairs, of different
pixels, which are seen at the relevant angle of view: the
plurality of such point images together form an overall three-
35 dimensional image.

Although the principles of the invention have been
described with reference to a substrate formed with grooves and
to be viewed under reflected light (the light being reflected
from the grooves themselves), the substrate may instead be



1) A substrate which is arranged to provide an optically vari abl e
image to a viewer, said i nage being conposed of a plurality of pixels,

t he substwates/2o382i ng a front surface which 5 is fornmed wi ‘PﬁTé;ﬁ?V’Q?“éFi ty of
groups of elenental areas, the differént said groups corresponding to
respective pixels of said imge, and the different el epental areas, of
each grouptransgax@ritorded WPrRe e§ﬁ@3¥iVédﬁ?ﬁo&€§9ﬁa%i%g§§r8PWﬁﬁ¢1for
respectiveysakingf yooudgyhdy mr@gRs:itddl gromesylor thedgesulndtridte heand

di fferent el enental ea f eacg r.0 bej n i fferent j ation
vv: t hin ther6%§ﬁ§t(ﬁd :{éﬁrd%soﬂ:ﬁ’strre re‘-:‘q:s éédg I t%%aé&eéd% fkggr%}}l g‘lruli‘g% ét: on:

of the substrate within its said plane, different el enental areas of
each said group contribute to the respective pixel of the i mge seen by
the viewer, and said 15 grooves or ridges being arranged to direct |ight
rays to the viewer at predeterm ned angles relative to the plane of said
substrate, by reflecting light incident on said front surface, W t hout
interference occurring between said |ight rays directed to the viewer
fromthe substrate. 20 2) A substrate as clained in claiml1, in which
at | east sone of said elenental areas conprise a plurality of said
grooves or ridges which are parallel or substantially parallel to each
ot her. 3) A substrate as clained in claiml1l or 2, in which the 25
grooves or ridges of at |east sone said el enental areas are rectilinear.
4) A substrate as clained in any preceding claim in which t he
grooves or ridges of at |least sone said elenental areas are curved.

7 5) A substrate as clained in any preceding claim in which at

| east some of said elemental areas are square in shape. 6) A
substrate as clainmed in any preceding clains, in whi ch at | east sonme of
said elenental areas are circular in 5 shape.



7) A substrate as clained in any preceding claim in whi ch, in at

| east sone said gr p%eetmes&hgmidal areas are arranged in a |inear

di sposi t WerP8/20382 te as clained in any prBCEEBAYO®FHRIim in
10 which, in at |lea i“gg&!)ﬂ groups of el enental areas, said

el enental areas are Ked to et her. 9) A substrate as
claimed in any preceding claim in ms at | east sone of the el enental
areas of at |east sonme of said groups conprise two grooves or ridges, or
t wo serles of grqoves 15 or rld formng a stereo pair, the two grooves
or ridgest) or % i’:sé:ﬁ o’\%sa’?rar}q &0 %?Y%gd‘? n%’i‘i%%ﬁsr'ogﬁﬁch

other so gsticalllyechrliaphe tmatdm rtﬂsq:)ecmwemyesmﬁnt;heformed embn:hv\hen

th h tef

10y " ARAHATTERE G, URohER, Br, RIBnRR i ST arths, g EiifpgeRt YiBibs 2
i mage t3o oW bngr resaﬁqtiﬁagembeﬁn@lmﬁpos@mdofﬂee dl@f%ﬂ%mtt?lemeptﬁbl s,
the substdadgs bgengalcoyr TH?I‘B&H Béﬁ‘ﬁfpﬁéfﬁéd wifR! §dseAnd 1Ayt dvés f 6PNt

surface whjch is forned plurality of groups of el enental areas,
the diff eFeiges £H %%tﬁr%p%r%%Y?%s%nﬂ}qi@eﬁo Vé%p‘é’é‘t’?‘ﬂ‘és pPXe¥ 3dges saf d

i mage, anthe diffexbitf aieiierdlaMeitedls detny at @dfhegéntiobbéngatooned W th
respective grooves or ridges or wwth respective sets of grooves or

ri dges, the grooves or ridges of the different el enental areas of each
group beid)g at diaf fearkestiratred eag atlaisedv ihi nlalie 3Q plnamhicth st dlsabstrat e

such 1§ at eregigffsﬁiﬁr‘h@f“bﬁ@%it LoRss cofbrlite SUGSILALS oY thE ”gi—ééxééé" d

pl ane,

ar eas of %clfml@%ﬁ% Wirigtp arsnparipdilelt ot mubptapiniliy paxellel to eaehimge
seen by tdwenas-ewer, and said grooves or ridges being arranged to direct
light rays to the view at predeterm ned angles relative to the plane of
said substrate, by refracting 5 light transmtting through said substrate
fromits Fear, A witdshitatentas fel®iwsad otsuclanhy heoween sxai dvhicpht thays

directed he v Ll @M t SEFQ%; as
clainmed iH ¢ \g?ém ?5 Eﬁ%\/\ﬁl ¢h E{@ ‘.H%)é ég}é%rrgaéfl sa.]‘%‘ nI men %?éeges
conpr it8e @%‘F%h‘l@@; of said 10 grooves or ridges whi ch are parallel or
substantially parall el

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

the grooves or ridges of at least some said elemental areas are

curved.

5) A substrate as claimed in any preceding claim, in which
.20 at least some of said elemental areas are sguare in shape.

6) A substrate as claimed in any preceding claims, in .
which at least some of said elemental areas are circular in
shape.

7) A substrate as claimed in any preceding claim, in
25 which, in at least some said groups, the elemental areas are
arranged in a linear disposition.

8) A substrate as claimed in any preceding claim, in
which, in at least some said groups, the elemental areas are

closely packed together.

30 9) ' A substrate as claimed in any preceding claim, in which

: Lo f
* ¢ L M 5§ * ' el

|

a e smm



to each ot her. 12) A substrate as clained in claim1l0 or 11, in

whi ch the grooves or ridges of at |least sone said elenental areas are
rectil| i n®4 98/2038% 13) A substrate as clained in any on@OHCBYANE 10 to
12, . in which the grooves or r| dges of7 at | east sone said el enental

areas are curved A_substrate as clained_in any one of clains
10°To 13 2t 1ERShnpemeabE She SIBMERGR L 7098 Sie Al BERn S S |
20 shape. plxelsla):mprmesubst gabevas oraridges N anysaneofof|aramvdd dro 14,

whi ch t t I i I sh
1oy BiguBes, U SBABSBIE, BECR8 S GhvEY B oged TR
in at |easerssﬁeo§mqrquaﬂxprtﬂmﬁqﬂsumw@smga;eatlaaé to gachngpddhem so

li near gdi §QO§bt benv;ewablyby th@ %@%&t&eaa salEe g nien v%@(vé%“eaﬁ‘)ftrfé ai s
10 to 16, which, 1n at”l|east so sai d groups of el enent ar eas,

sai d el enﬁﬁ@ﬁl"aair'eé?galree of| yd&my packed toget her.

9 18) A substrate as clained in any one of claims 10 to 17, in

whi ch at #‘rgflSt s% f.lhe el emaPLt al areas of at St s of said
groups cohBlise theHD Fiagned $7°9Rp eqeility S Hhmoner e
ri dges, fbonmbeg vaestast eongper r refhected Jrightes whimh risigeeflectiedo f3@m €S
of grooveg, 9k ékgg%ﬁs gglgq ?ggllned to each other so as to direct |ight

to the respect ve eyes of he vi ewer when the viewer views the substrate
froma predeterm ned angle of view.

10 11) A substrate as claimed in any one of claims 1 to 9,
which 1is formed of transparent or partially transparent
material and 1is arranged to be viewed by light transmitted
through said substrate from it rear and refracted, or refracted

and reflected, by said grooves or ridges.
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