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SUBSTRATE PRODUCING THREE-DIMENSIONAL IMAGES             The present
invention relates to substrates which    provide one or more
three-dimensional images.           There are many applications where
three-dimensional    optical images are required or are desirable.  A
number of  5 devices have been proposed in the past, which comprise a two-
dimensional substrate arranged to provide a three-dimensional    optical
image to a viewer.           We have now devised a substrate arranged to
present a    three-dimensional image to a viewer and providing a number of
10 advantages.            In accordance with the present invention, there
is    provided a substrate which is arranged to present one or more
three-dimensional optical images to a viewer, the substrate    being formed
with a plurality of stereo pairs of elements, each 15 stereo pair of
elements providing the viewer with an image of    a point at a
predetermined 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 image may all be    positioned
on a common straight line. The different stereo    pairs may be displaced
from that line to ensure that the point    image remains stationary as the
viewer changes his angle of 5 view, or alternatively so that the point
image moves: in the    latter case, an image of a moving object can be
created.            However, it is not necessary for the successive stereo
pairs for a given point image to be positioned on a common    line. Indeed,
the pairs can be displaced to desired positions 10 spaced from the common
line, for example they may be positioned    along any curved line, if
appropriately positioned and oriented    relative to each other. In this
way, the set of stereo pairs    for the different image points can be kept
apart and so    prevented from intersecting or otherwise interfering with
each 15 other.            If the stereo pairs are positioned in the manner
described above, it is not possible to relate their positions    to the
shape of the object, adding complexity to the object    encryption  and
therefore  security value.   Moreover, the 20 individual lines of the
stereo pairs 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 obscured.   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 when 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     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, 5 and at different predetermined spacings from
the substrate    plane.  These point images contribute to forming a three-
dimensional image.   Some of the image points may together    define a
linear image (e.g. the edge or boundary of an object    or part of an
object), whilst others may define "shading" to 10 provide the image of a
surface.            A three-dimensional object typically includes surfaces
(e.g. side surfaces) which are at an oblique angle to the    viewer, when
the object is viewed from certain angles or range    of angles. We have
found that a good image definition can be 15 achieved by a reduction in the
density of stereo pairs provided    for the image of such an oblique
surface, relative to the image    of a surface being viewed front on. This
enables a reduction    to be achieved in the total number of stereo pairs
which must    be formed on the substrate. 20        As mentioned
previously, the stereo pairs on the    substrate may be arranged to provide
more than one image. In    this case, different images may be visible from
different    angles of view.            Embodiments 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 5 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 35 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
to form the point image at a distance in front of the    substrate.
Referring to Figures 1 and 2, we find that the    distance of the point
image P from the substrate is 5 substantially equal to the distance r from
each groove to the    intersection of the lines normal to those grooves:
the image    P is below the substrate for the grooves or ridges of Figure
1, which point upwardly towards each other, and above the    substrate for
the grooves or ridges of Figure 2, which point 10 downwardly towards each
other.            It will be appreciated that the point image P produced
by each stereo pair of grooves is visible only from a    particular angle
of view (or a limited range of angles). For    a point image to remain in
view as the viewer alters his angle 15 of view, then further stereo pairs
are provided, each effective    from its own angle of view. Further, the
successive stereo    pairs may be displaced in position and orientation
relative to    each other, to ensure that the related point image remains
substantially stationary as the viewer moves his head from 20 side-to-side.
Alternatively, the successive stereo pairs for a given    point image, i.e.
intended to provide an image of the same    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
+SPl 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 [err] between the normals
to the elements of each pair  



WO 98/08131                                     PCT/GB97/02196
5     is constant, for each pair to provide light to the respective    eyes
of the viewer. The distance (2d) between the elements of    each pair
varies according to the following:                   tan a = a/z 5
tan (a + [err]/2) = (a + d)/z                   tan (a - [err]/2) = (a -
d)/z           where the image point P appears a distance Z behind the
substrate plane and below the horizontal line on which the    successive
stereo pairs are aligned. 10          Figure 4 shows the successive stereo
pairs transposed    to lie on a horizontal line, as described with
reference to    Figure 3.            In the case of a three-dimensional
object viewed    ordinarily, then whilst from a given angle of view certain
15 parts of the object are visible, other parts (e.g. rear surface    or
remote side surfaces) are obscured. To provide a realistic    image of a
three-dimensional object, then the image needs to    show certain parts of
the object when the substrate is viewed    from certain angles, but not
when viewed from other angles. 20         Thus, as shown in Figure 4,
stereo pairs are omitted    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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predetermined spacings from the substrate plane.  These point   images
accordingly contribute to forming a three-dimensional   image. Some of the
image points may together define a linear   image (i.e. the edge or
boundary of an object), whilst others   5 may define "shading" to provide
the image of a surface.            For an image of a surface which is at an
oblique angle    to the viewer, a good image definition can be achieved by
a    reduction in the density of stereo pairs formed on the    substrate,
relative to the image of a surface which is viewed 10 front on.
As shown in Figure 6, the profile of the groove cross-    section
determines the range of angles through which the light    is reflected, and
over which the image can be viewed. This    effect can be utilised so that
different image parts are 15 visible from different angles of view: the
effect can also be    used to contribute to "shading" and to controlling
the    brightness of the image.            A computer is preferably used to
generate data defining    the elements required to form a desired
three-dimensional 20 image, including the interruptions required to provide
correct    obscuration of parts of the image (corresponding 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, electromagnetic 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 document or other product: the pattern of    elements
is particularly difficult to replicate, especially if    the elements are
transposed as shown in Figures 3 and 4 for 5 example, because the pattern
of elements bears no relationship    to the shape of the image which they
form.            It will be appreciated that by transposing the stereo
pairs in the manner described, they can be distributed across    the
surface of the substrate in a manner which avoids crowding 10 the  elements
different  point  images  together  (and  so    intersecting or interfering
with each other), and makes maximum    use of the substrate surface area.
8                                Claims      1)     A substrate which is
arranged to present a three-    dimensional optical image to a viewer, the
substrate being    formed with a multiplicity of pairs of spaced optical
elements  5 (14,16) each pair of optical elements being arranged to direct
light incident thereon to the respective eyes of a viewer, when    said
viewer is positioned at a predetermined angle of view or    within a
limited range of angles of view, and so give the    viewer  an  image  of
a  common  point  (P)  located  at  a 10 predetermined distance from the
plane of the substrate, the    multiplicity of pairs of optical elements
(14,16) being    arranged so that the corresponding multiplicity of point
images    (P) which they provide form said three-dimensional image.      2)
A substrate as claimed in claim 1, in which said 15 optical elements (14,
16) are arranged to reflect incident    light to the viewer.  



3)     A substrate as claimed in claim 1, in which said    optical elements
(14, 16) are arranged to refract light    transmitted through the substrate
to the viewer.   20 4)     A substrate as claimed in any one of claims 1 to
3, in    which said optical elements (14, 16) 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 optical elements (14, 16) comprise
ridges formed on 25 the surface of the substrate.      6)     A substrate
as claimed in claim 2,  in which said    optical elements (14, 16) comprise
reflective printing formed    on the surface of the substrate.
9     7)     A substrate as claimed in any preceding claim, in which
each said pair of optical elements comprises two short linear    elements
the relative orientations of which determine the    distance of the
corresponding point image (P) from the surface 5 of the substrate.      8)
A substrate as claimed in any preceding claim, in    which, for each point
image, a set of said pairs of optical    elements (14, 16) are provided,
such that each point images is    visible from different angles of view.
10 9)     A substrate as claimed in claim 8, in which, for at    least one
said point image, the optical elements  (14, 16)    relating to that point
image are displaced from a common line.      10)    A substrate as claimed
in claim 9, in which, for at    least one said point image, the optical
elements (14, 16) 15 relating to that point image are positioned on a
common    horizontal line.      11)    A substrate as claimed in claim 8,
in which, for at 



least some of said point images, selected pairs of optical    elements are
omitted such that those points are obscured for 20 selected angles of view,
thus  providing hidden line and/or    hidden surf ace 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 (P)
together define a linear 25 image.      13)    A substrate as claimed in
any preceding claim, in which    at least some of said point images (P)
together define shading    to provide the image of a surface of a
three-dimensional    object.                                       10
14)    A substrate as claimed in claim 15, in which said point    images
define shading to provide the image of a plurality of    surfaces of a
three-dimensional object, in which the density    of said optical elements
for relatively oblique surfaces of the  5 three-dimensional object are
reduced in comparison to the  optical elements for less-oblique surfaces of
said object.      15)    A substrate as claimed in any preceding claim,
arranged    to present a plurality of optical images to a viewer, said
optical images being visible from different angles of view.   10 16)    A
substrate as claimed in any preceding claim, in which    the optical
elements of differentApairs have different cross-    sectional profiles to
control image brightness and/or image    shading and/or angle of view.    


