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A TOUCH PAD SYSTEM

The present invention relates to a system for determining a position of an object adapted to
reflect/scatter/emit radiation. In particular the present invention relates to a system wherein

a modulation means is provided on an upper and/or lower surface of a transmissive element.

Touch pads in general are described in e.g. US-A-4,346,376, 4,484,179, 4,688,933,
5,945,981, 6,538,644, 5,679,930, 4,710,760, 4,484,179, 5,484,966, 6,172,667, 5,065,185,
and 6,122,394, US 2003/0048257 and 2003/0052257, as well as JP 63143862, 08075659,
and 08149515.

The present invention relates to a system for determining a position of an object adapted to
reflect/scatter/emit radiation, the system comprising:

- a radiation transmissive element having a first surface being adapted to be engaged by
the object so as to reflect/scatter/emit radiation into the element and a second surface
opposite to the first surface, the radiation transmissive element being adapted to guide
reflected/scattered/emitted radiation therein by total internal reflection along a first part
of a radiation path extending from the object toward a detecting means;

- the detecting means having an at least one-dimensional detecting surface and being
adapted to detect radiation through the first and/or the second surface, which radiation is
reflected/scattered/emitted by the object, and to output a signal relating to the detected
radiation; and

- a modulating means being provided in the first part of the radiation path, the modulating
means being adapted to prevent at least a part of the reflected/scattered/emitted
radiation from propagating to the detecting means, the modulation means being
positioned on or at the first and/or the second surface and defining, in the plane of the
first and/or second surface, a plurality of areas,

- one or more first of the areas allowing or facilitating reflection of radiation travelling
in the element back into the element, and

- one or more second of the areas preventing reflection of radiation travelling in the
element back into the element.

Thus, according to the invention, radiation emitted/scattered/reflected will firstly be
modulated by the modulating means before being detected. The detected radiation will
depend on the relative positions of the detecting means, the point of engagement of the
object, and the modulating means (that is, the first and second areas thereof).
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Normally, in the plane of the first and/or second surfaces, the radiation path will be linear
from the point of engagement of the object, the modulating means and the detection means,
but the modulating means may comprise optical elements (such as mirrors) adapted to re-
direct radiation toward the detecting means, which may then be positioned at other positions
than a straight line through the modulating means and the point of engagement.

One advantage of the present invention is that it is easier to manufacture planar first and
second surfaces than to manufacture planar edge surfaces. Accordingly, the requirements to
the transmissive element may be lower than in solutions wherein the detecting means are
attached to the edge of the transmissive element.

A further advantage is that it is easier to attach the detecting means to the first and/or
second surface than to the thin edge portion of the transmissive element. Thus, the present
invention provides easy integration with modern flat panel screen technology wherein the
trend is towards thinner screens.

Furthermore, as the detecting means are not attached to the edge but rather to the surface
of a transmissive element, the system may be provided at any zone/area of a radiation
transmissive element and is not limited to the edge of a transmissive element. Accordingly,
the system may be provided in the centre of a shopping window whereby a part of said
shopping window may be used as a touch screen.

The radiation reflecting/scattering/emitting element may in some embodiments itself actively
emit the radiation (such as from an emitter positioned thereon or therein). Otherwise,
radiation may be emitted into the transmissive element. This radiation is then
scattered/reflected at the first surface by the object, whereafter the function of the detection
of the position is the same. Furthermore, the radiation reflecting/scattering element may
take the form of a finger, a pen, a stylus or the like.

The radiation transmissive element may be a solid radiation transmissive element made from
a material such as glass or plastic or any material suitable for use in fiber optics. Naturally,

the transmissive element may have any form or shape, such as plane or bent.

The first and the second surface may be parallel or essentially parallel. Furthermore, the first
and/or the second surface may have a narrow critical TIR-angle. The critical TIR-angle being
defined as, an angle relative to the normal of a surface, wherein total internal reflection
begins to take place. Said narrow critical TIR-angle may be obtained by application of a
coating.
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In the context of the present invention radiation subject to TIR in the transmissive element is
said to propagate in a plane parallel with the first and/or second surface, despite the fact that
it naturally will propagate in directions transverse to said plane as it is reflected between the
two surfaces.

The radiation path comprises a first part and a second part. The first part extends from a
point of touch on the first surface i.e. where the object touches the first surface, through a
plane parallel with the first and/or the second surface and to the modulating means. The
second part extends from the modulating means to the at least one-dimensional detecting
surface.

The detecting means may be at least substantially parallel with the first and/or the second
surface and may be provided at a distance from the first and/or second surface. In
embodiments wherein detecting means are provided on both the first and second surface, a
first detecting surface is provided on the first surface and a second detecting surface is
provided on the second surface. In the latter embodiments the first detecting surface may be
adapted to determine one characteristic of the reflected/scattered/emitted radiation and the

second detecting surface may be adapted to detect a second characteristic.

When a first and a second detecting surface are provided, a first and a second modulating
means may also be provided. Accordingly, radiation will propagate along a two second parts
of the radiation path i.e. one propagating from the first modulating means to the first
detecting surface and one propagating from the second modulating means and to the second
detecting surface.

The at least one-dimensional detecting surface may comprise a plurality of sensing elements
each being adapted to detect radiation and (due to the modulation means) to output a signhal
corresponding at least to an angle of incidence of the radiation. In some embodiments the

signal additionally corresponds to a distance to the refiecting/scattering/emitting element.

The modulating means may comprise a single pinhole, an aperture, a lens, a slot etc, which
may be used to determine an angle of the radiation incident on the detector. In such an
embodiment a plurality of radiation detecting means with corresponding modulating means
may be provided at different positions of the radiation transmissive element. Accordingly, a
plurality of angles to the reflecting/scattering/emitting object may be used to determine the
position of said object by means of triangulation.

In another embodiment a plurality of pinholes, apertures, lenses, slots etc., may be provided
in an optical path of at least one of the detecting means. Thus, both an angle of incident
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radiation and a distance to the reflecting/scattering object may be determined, i.e. a
representation of the position in polar coordinates.

Each of the sensing elements may be adapted to provide a separate radiation measurement.
Furthermore, at least a part of the sensing elements may be positioned at least generally in
the one direction or dimension, normally along a row or line. Two-dimensional radiation
detecting means will normally have a matrix of sensing elements, a number of which will
constitute a one-dimensional radiation detecting means. In one embodiment a first part of
the sensing elements are used for the present invention, while another part is used for other
purposes, such as for a web cam or the like.

As the radiation providing means and/or the radiation detecting means may be adapted to
couple radiation into a transmissive element through the first and/or the second surface, the
system may be integrated into any transparent material which is adapted to transport
radiation by TIR. Accordingly, in one embodiment the system is integrated into a window,
such as a part of the shopping window. Accordingly, the system may be used as an
interactive interface wherein the user may request information such as about products
displayed behind the shopping window.

At least a part of a TFT-screen may be used as radiation detecting means, such as a rim part
of the TFT-screen. In one embodiment there is provided a plurality of radiation detecting
means on a TFT-screen e.g. at the rim part, and each of said means is adapted to detect
radiation at a predetermined range of angles and within a predetermined field of view.
Accordingly, it is possible to detect multiple points of touch in the latter embodiment.

The modulating means may be formed by a plurality of per se independent or individual
means for modulating radiation (lenses, absorbers, pin holes, apertures, wedges, scattering
elements, mirrors or a combination thereof), as long as they are positioned so as to provide a
modulation, comprising one or more intensity peaks, of the radiation on the row,

When an extension of the detecting means along the one dimension is smaller than the
intensity pattern output or generated by the modulating means, only part of the intensity
distribution or pattern will be incident on the detecting means and thereby detected. In that
situation, the controlling means may be able to determine the position of the emitter on the
basis of e.g. knowledge of the intensity pattern generated by the transforming element and
on the relative positions between the detecting means and the transforming element. Thus,
preferably, the controlling means comprises means for storing information relating to the
transforming element, which information is used in the determination of the position.
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It is clear that due to there normally being a predetermined distance (and relative
positioning) between the radiation detecting means and the modulating means, a larger part
of the intensity pattern will be incident on the detecting means, the farther the
reflecting/scattering/emitting element is from the intensity pattern. This may be used, e.g.
where the controlling means are adapted to determine a first value related to a distance, on
the detecting means, between at least two predetermined parts of the intensity pattern and
for determining the position of the reflecting/scattering/emitting element on the basis of the
first value.

The system of the present invention may comprise a plurality of radiation providing means.
Said means may be provided in a predetermined geometrical pattern along edges of the
transmissive element. In one embodiment there is provided at least one radiation providing
means on or at each edge of the transmissive element, such as two, three or four radiation
providing means on or at each edge of the transmissive element.

In another embodiment the radiation providing means are provided such that any point on
the first surface can be exposed to radiation from at least one of the radiation providing
means.

An air gap may be provided between the radiation transmissive element and at least one of
the radiation providing means. Accordingly, radiation with a large angle relative to the normal
of the edge, will not be transmitted into the transmissive element as it will be reflected by
the edge of the element. A further advantage of an air gap is that background radiation i.e.
radiation not emitted from the radiation providing means, will not be transmitted into the
radiation transmissive element, if its angle with the normal of the edge is large. Accordingly,
noise from background radiation may be reduced.

In one embodiment the detecting surface is at least substantially parallel with the first and/or
the second surface. In another embodiment the detecting surface defines a plane transverse
to the first and/or the second surface.

Furthermore an air cavity may be provided between the modulating means and the radiation
transmissive element.

In one embodiment the modulating means is provided on or at the same surface as the
radiation detecting means. As an example the modulating means and the radiation detecting
means may both be provided on the second surface i.e. the surface opposite the surface
adapted to the be touched by the reflecting/scattering/emitting element. In order to make
the detected signal angle sensitive, the radiation detecting means may be provided at a
distance from the modulating means.
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In another embodiment the modulating means is provided on or at the opposite surface as
the radiation detecting means. As an example the modulating means may be provided on the
second surface while the radiation detecting means is provided on the first surface. Due to
the distance between the first and the second surface, radiation reflected by the modulation
means which is also incident on the detecting means will be angle sensitive.

Moreover, the modulation means may be provided on the opposite surface such as the first
surface, and the first area(s) may be adapted to reflect radiation towards the detecting
surface of the detecting means; and the second area(s) may comprise at least one of: an
absorbent area preventing radiation from propagating towards the detecting surface, and a
radiation transmissive means allowing radiation to be coupled out of the transmissive
element and into the transmissive means, the transmissive means comprising means for
preventing said radiation from propagating back through said opposite surface i.e. the
surface of the transmissive element which is opposite the radiation detecting means. When
the modulating means is provided on the first surface the radiation transmissive area may be
a pinhole, an aperture, a slot or a lens allowing the radiation to propagate out of the
transmissive element e.g. into another element.

As mentioned above, the modulation means may be provided on the same surface and the
first area(s) may be adapted to reflect radiation in a direction opposite the detecting surface
so as to prevent said radiation from propagating towards the detecting means; and the
second area(s) may comprise at least one of: an absorbent area preventing radiation from
propagating towards the detecting surface, and a radiation transmissive means allowing
radiation to be coupled out of the transmissive element and into the transmissive means so
as to propagate towards the detecting surface. The radiation transmissive means may be an
element abutting the radiation transmissive element having the first and the second surface.

It will be appreciated that the abovementioned areas adapted to reflect radiation in a
direction opposite to a direction toward the detecting means will also achieve the desired
function (i.e. making sure that radiation is not incident on the detecting means), if the
radiation is reflected in other directions provided that the radiation is not incident on the
radiation detecting means. As an example the radiation may be reflected in a direction
parallel with one of the first and the second surface.

In one embodiment the one or more first and the one or more second of the areas of the
modulation means are provided in a predetermined pattern, such as a pattern adapted to
provide a spatial modulation.

The length of the modulation means in a plane substantially parallel with the first and/or the

second surface may be at least twice the distance between the first and second surfaces at
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the area of the modulation means, such as at least three times, such as at least five times, or
such as at least ten times.

The detecting surface may form an outer surface of a double- or triple-glazed window.

Accordingly, the system may be integrated with a window, such as shopping window.

DETAILED DESCRIPTION OF THE DRAWINGS

In the following the drawings is described in detail in which:

Fig. 1 discloses a cross-sectional elevation view an embodiment according to the invention,

Fig. 2 discloses a plan view of the embodiment according to the invention, and

Figs. 3a-5 discloses different embodiments of the invention comprising means for redirecting
radiation.

Fig. 1 discloses a radiation detecting means 110 in the form of a 2D-sensor, attached to a
radiation transmissive element 30. In the figure there is provided one radiation detecting
means, but in other embodiments there may be provided a plurality of radiation detecting
means. The radiation detecting means may in some embodiments form an integral part of a
LCD/TFT screen while the detecting means in other embodiments is a separate element.

On a first surface 2 (the upper surface in the embodiment of Fig. 1) of the radiation
transmissive element a modulating means 20, 21 is provided. The modulating means
comprises a plurality of areas, one or more first of the areas allowing or facilitating reflection
of radiation travelling in the element back into the element, and one or more second of the

areas preventing reflection of radiation travelling in the element back into the element.

On the second surface 4 (the lower surface in the embodiment of Fig. 2) a radiation
absorptive/diffusive layer 70 is provided. Adjacent to or in an area of the absorptive/diffusive
layer 70 there is provided an aperture 10 allowing radiation to be reflected back into the
element 30.

The modulating means 20/21 may be provided as a wavelength specific mirror adapted to
absorb radiation with a wavelength within a specific range while being transmissive for all
other wavelengths. The absorptive range may be chosen to coincide with an emitting range
of the radiation providing means. An advantage of the latter is that the narrowband
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wavelength specific mirror will reduce the direct influx of radiation from the radiation
providing means.

The wavelength specific mirror may be a multilayer mirror such as a quarter-wave layer
provided on an area of the radiation transmissive element such as above the radiation
detecting means 110.

The radiation providing means may be integrated into an object adapted to emit radiation
and to be used as a pointing device. Another manner may be one wherein radiation is
transmitted toward the pointing device above the surface of the element, where the pointing
device will then reflect or scatter the radiation onto and though the surface of the element,
which then will guide the radiation toward the detector. Alternatively, or as a supplement,
there may be provided separate radiation providing means on or at a surface of the
transmissive element, whereby the radiation toward the object is guided inside the element
and will be scattered/reflected at the surface thereof when engaged by the object. The
modulating means may be adapted to modulate radiation incident on the radiation detecting
means.

The radiation absorptive/diffusive layer 70 provided on the second surface may comprise one
or more planar, non absorbent apertures. Said apertures may have different geometries,

such as circular, elliptic, rectangular, triangular, lines, stars, irregular holes etc.

Radiation from the reflecting/scattering/emitting object 90 which is incident on the aperture
10 is reflected towards the narrowband mirror 20/21, which reflects the radiation such that it
is incident on the radiation detecting means 110. On the radiation detecting means there will
be depicted numerous over-laced images 50 of the reflecting/scattering/emitting object 90
which are all identical mirrored images. These over-laced images are formed due to it being
possible to travel from the detector to the object at a number of different reflection angles
between the radiation and the surfaces 2 and 4, as is illustrated on figure 1.

Each of the images on the radiation detecting means 110 represents an angle of incidence of

radiation propagating from the reflecting/scattering/emitting object 90 and reflected by the
aperture 10.

The absorptive/diffusive layer 70 results in an even rise in optical background noise reaching
the radiation providing means 110. Alternatively, a retroflective layer may refiect the incident
light back into the transmissive element, whereby less stray light reaches the radiation
detecting means 110. Sand/glass-blasting or etching a surface and/or protecting the surface
with a protective layer or foil, will provide a surface with blank figures that will further
increase radiation trapped by total internal reflection.
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Above the radiation detecting means 110, a filter 130 may be provided that can be either an
absorption filter or an interference filter, such as a Fabry-Perot filter, and which is to filter
radiation at wavelengths which do not correspond to the wavelength emitted by the radiation
providing means 110 and thus are not reflected by the reflecting/scattering/emitting object
90. The filter may form an integral part of a spacer 170 which may be provided between the
detecting means 110 and the second surface.

In order to ensure that radiation cannot propagate directly and un-reflected from the
reflecting/scattering/emitting object 90 to the radiation detecting means 110, there may be
provided an optical shield 120. In Fig. 1 the optical shield 120 extends from the second
surface 4 into the radiation transmissive element 30. Alternatively or as a supplement, the
radiation detecting means 110 may be provided at a distance below the second surface, e.g.
by means of a spacer 170, as shown in Fig. 1.

Lowering the radiation detecting means 110 to avoid direct incident radiation has the
disadvantage that the radiation detecting means 110 cannot form an integral part of a TFT

screen unless this TFT screen is contoured to give room for the spacer 170.

It will be appreciated that the dimensions of the optical elements i.e.

- the thickness of the radiation transmissive element 30,

- the thickness of the spacer 170, and

- the geometry of the radiation detecting means 110, the aperture(s) 10, the filter 130, the
radiation absorptive/diffussive layer 70 and modulating means 20/21

are all inter-dependant.

A change in the thickness of the radiation transmissive element 30 may require that the
dimensions of the other elements are changed correspondingly.

The distance from a point of touch of the reflecting/scattering/emitting object 90 to the
detecting means depends on the total area of the first surface 2. With increased distance, the
number of mirrored reflections increases and thus it is harder to differentiate each over-laced
image 50 from the neighbouring image. Accordingly, the resolution of the detecting means
must be higher in a system adapted to determine position of the reflecting/scattering/-

emitting object 90 based on a measuring of distances between over-laced images.

The distance between images 50 on the radiation detecting means 110 corresponds to the

distance from the mirror to the reflecting/scattering/emitting object 90.
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The distance between adjacent/neighboring images will be the same and the number of
images will correspond to the number of times that the image can be reflected which is
limited by both an absolute number and by the refractive index of the
reflecting/scattering/emitting object 90 which put a limit to the angles of light send into the
transmissive element.

The width of the images corrected for the enlargement of images created by many reflections
corresponds to the tangential width of the reflecting/scattering/emitting object 90. When an
image of the object 90 is reflected multiple times under a low reflection angle, this image
naturally has travelled a longer distance, which reduces the intensity thereof. In addition, the
many reflections tend to narrow the image in the direction perpendicular to the reflecting
surfaces. Thus, as the number of images correspond to the number of reflections which are
visible for radiation detecting means 110, it is advantageous to average the width, whereby a

higher accuracy is achievable than if only one image had been used.

The angles at which radiation is reflected/scattered into the transmissive element are
determined by the refractive index of the object touching the first surface. Accordingly, some
objects provide distinct radiation patterns. As an example, objects such as a finger, the
surface of which comprises a plurality of different refractive indexes may be distinctive from
other objects such as a pen having a uniform refractive index.

Furthermore, any depiction of a touching object will be determined by the shape of the
aperture. A narrow and elongated rectangular aperture results in a depicted image (possibly
more over-laced images) which analogously is narrow and elongated.

The distance from the aperture 10 to the image on the radiation detecting means 110
determines the enlargement of the image, the resolution as well as how easily the images
may be separated. The images the farthest away from the aperture 10 are less radiation
intensive as the energy of the radiation is spread over a larger area of the radiation detecting

means 110. Images far away are also weaker over the radiation detecting means 110.

Furthermore, it will be appreciated that in order to obtain angle and depth information for

any point of touch there may be provided a plurality of apertures as illustrated in Fig. 2.

The images stemming from multiple apertures 10 may be used to triangulate a point of touch
as each row of images points directly to said point. When the average centrelines through the
centre points of multiple reflections from one aperture 10 are established, the centrelines can
be analysed using Fast Fourier Transformation (or other similar processing algorithms) to

determine the pitch. The pitch between the images will, due to the enlargement, correspond
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to the distance to the point of touch. As the apertures 10 are not aligned on a line there is a
need for an algorithm that normalises the apertures 10 as an aligned row of apertures 10.

It will be appreciated that the larger the transmissive element is, the larger is the potential
number of mirrored reflections. This increases the risk of over-laced neighbouring images. A
solution to this problem is to provide a radiation detecting means with a higher resolution.
However, there may still be a situation wherein an increased resolution is not enough. In
such cases the controlling means may be adapted to determine the position based on angular
information from one or more of the radiation detecting means 110. Such angular
information may be based on centrelines extending through the images on radiation
detecting means 110, via the corresponding aperture and to the point of touch. Such
centrelines are indicated in Fig. 2.

In cases wherein the reflecting/scattering/emitting object 90 is positioned on a line extending
from one radiation detecting means 110 to another radiation detecting means 110, the
position cannot be determined using triangulation. Accordingly, it is advantageous that there
is provided at least three radiation detecting means 110, such as even four or more detecting
means 110.

In order to avoid flooding the radiation detecting means 110, the radiation detecting means
may be operated with one or more predetermined radiation providing means. Furthermore,
radiation providing means with directional output may be operated to track a
reflecting/scattering/emitting object 90.

In some embodiments there may be provided one or more means for redirecting light
propagating in the transmissive element in different directions depending on the incident
direction and up and bounce angle. These means could be lenses 14, micro prisms 11 or
gratings 12:

Fig. 3a-c discloses a radiation transmissive element 30 having a first surface 2. A
reflecting/scattering/emitting element 90 touches the first surface 2, whereby radiation
propagate inside the transmissive element 30 as it is subject to total internal reflection inside
the transmissive element 30. A modulating means 21 is provided on the first surface 2.

In Fig. 3a a micro prism 11 provided on the first surface 2, redirect the total internally
reflected radiation towards the radiation detecting means 110 which is provided on a second
surface 4 of the transmissive element 30.
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In Fig. 3b lenses 14 provided on the second surface 4, redirect the total internally refiected
radiation towards the radiation detecting means 110 which is provided on a second surface 4
of the transmissive element 30.

In Fig. 3¢ gratings 12 provided on the second surface 4, redirect the total internally refiected
radiation towards the radiation detecting means 110 as is described in further detail below.

Fig. 4 discloses a triple-glazed window comprising three separate window glasses 180
separated by air pockets 15. A patch 100 is provided on the first surface 2. The patch 100
comprises a grating 12 and an air pocket 13. Two lenses 160 and a radiation detecting
means 110 are provided below the second surface 4.

The means for redirecting the light may be printed on the transmissive element 30,
developed as a holographic structure in the transmissive element 30, hot embossed into the
transmissive element 30 or glued on to the transmissive element 30 as one or more
patch(es) 100 that is either printed, hot embossed, injection moulded, pressure moulded or
developed with a holographic structure.

It will be appreciated that the higher the difference in refractive index between grating 12
and an adjacent material is the more efficient the gratings 12 are relative to their size. Air to
polymer or air to glass provide the highest refractive index difference and can be achieved by
providing air pockets 13. The air pockets 13 also protect the gratings 12 against

contamination. Fig. 3c discloses air pockets 13 used in connection with gratings 12.

As an alternative to air pockets, a low refractive material may be used. This will however,
reduce the efficiency of the preferred refractive index difference.

One advantage of gratings 12 is that they are essentially monochromatic and angle
dependent. Accordingly, only light in the preferred wavelength will pass through the gratings
and be directed toward the detector. The focussing property improves the overall photon
budget and makes position detection more accurate, as the contrast is increased. The angle
dependent property of gratings 12 makes it possible to provide a design comprising a
plurality of gratings 12 each of which covers a narrow angle of incidence, whereby each
grating 12 only focuses light to specific pixels, if the up and down bounce and the x,y
direction is within defined angles.

As the refractive index between the first surface and an object depends on the position and
the character of the object, gratings may be used to focus different objects. Gratings focusing
wide angles may be used to focus artificial objects such as a pen point, having a high
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refractive index. Gratings focusing mid range angles may be used to focus objects such as
fingers. Gratings focusing low range angles may be used to focus hovering objects that are
trapped by surface imperfections, such as grease, water, bodily liquids of any sort, dust,
indents, cracks, antiglare etch, micro structures, surface irregularities, surface
contaminations etc,

The means for redirecting radiation are shielded from external radiation due to the
absorbing/mirroring layers 21, which may be colour selective. In this manner, the present
element 30 may be positioned between a user and a display/monitor and thereby provide a
touch screen. Ths colour selective layers therefore enable the present system to selectively
react to the particular wavelength(s) independently of the images provided through the
element 30. Reflected/scattered radiation is redirected by the means for redirecting radiation
towards the lens 160. The lens 160 focuses the reflected/scattered radiation to form a
pattern on a radiation detecting means 110, which pattern corresponds to x,y,z incident
angles from the reflecting/scattering object. The pattern will be unique and is determined by
the size of the reflecting/scattering object, the refractive index of the object, and the distance
between the object and the radiation detecting means. Accordingly, the point of touch may
be determined/calculated using the above parameters.

Each of the elements in the system, (i.e. the touching object, the radiation transmissive
element, the means for redirection radiation, the lenses and the sensor) can mathematically
be defined by transfer functions and thus be translated into a mathematical model
representing the system.

Touching objects have characteristics such as contact area, reflective properties including
polarisation, position and refractive indices.

The waveguide has characteristics such as thickness, curvature, absorption, colour selective
absorption, polarization, refractive indices in laminate and on surfaces.

The means for redirecting radiation (such as three-dimensional optical elements) have
characteristics such as topology, colour selectiveness, absorption, polarisation and reflective
properties. The characteristics may be obtained in the refractive (classical) or/and diffractive

regime of light propagation in geometrical structured materials of different refractive indices.

The focusing system has characteristics such as focal depth, lens size, optical axis, distortion

correction elements, alignment relatively to three-dimensional optical elements and sensor.
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The sensor has properties such as area, pixels, colour specific sensitivity, polarisation,
dynamic range, linearity, integration time, shutter, pixel binning, etc.

All of these definitions may be represented by transfer functions in greater or smaller detail
or a limited chosen number of these characteristics may be represented by transfer functions
depending on the different sorts of touch detection probabilities and the quality of same that
are desired.

A large number of standard methods are adoptable to analyse the signals to derive precise
position detection and other key characteristics of the touching object. The design of the
system can be such that one, two, three or more up and down bounce angles can be
analysed separately simply by the controlling the topology of the three-dimensional optical
elements. E.g. all facets of the three-dimensional optical element are designed to redirect
radiation in one x,y,z angle and very small changes causes the radiation to be redirected
outside the sensor. This sensitivity creates high resolution and the high possible number of
redundant information associated with the large possible number of facets creates the basis
for a high resolution system.

Every contact area and any object with any refractive index in any position on the waveguide
will produce an unique representation on the sensor, provided it receives sufficient radiation
to provide enough photons to be detected by the sensor and provided that the mathematical
transfer function of the three-dimensional optical elements has one-to-one mapping
properties. A look-up table with interpolation methods can discern the information accurately
and the system can adaptively reduce or increase the amount of information required to
process a position detection. This is done by importing more or less information from the
sensor using a strategy where the previous frame is used to select the pixels receiving key
information that can be converted into position detection. Alternatively, the representation
can be transformed into a pattern which allows FFT analysis, peak fit procedures etc.)

The system may be adapted to be used in connection with any optically transparent material
such as window glass. This may be done by changing the relative position of the lens 160 and
the means for redirecting light.

As an example, the system may be provided on a double- or triple-glazed window comprising
two or three window glasses 180, respectively. Accordingly, the position of the
reflecting/scattering/emitting object 90 must be determined on the outer surface of the outer
window glass.

In order to illuminate the reflecting/scattering/emitting object 90, a similar system may be

utilised however optimised for light propagation in the reverse direction. Accordingly, there
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may be provided two versions of the system: one for detecting purposes and one for
illumination purposes. It will be appreciated that the system used for illumination purposes
must be optimised to enhance the photon budget, whereas when the system used for
detecting purposes must be designed to optimise the position information content.

As an alternative to the above-mentioned illumination of the window glass, radiation may be
emitted into the glass from the edge using direct optical coupling of radiation providing
means comprising built in gratings 12 controlling output angles or by slanting the edges of
the window glass or providing slanted prisms on or at the edge of the window glass.

In the context of the present invention the term window glass 180 is used for any
transparent material usable to fit in a window and in which total internal reflection may take
place in a direction transverse to the depth of the window. Accordingly, the window glass
may be plane or curved having two opposed surfaces the distance between which total
internal reflection may occur. In some embodiments, the distance between the two surfaces
may be essentially constant along at any point of the window glass which is used for pointing
purposes.

In the embodiment disclosed in Fig. 5 no focusing lens 160 is provided between the radiation
detecting means 110 and the means (12, 13) for redirecting radiation. Accordingly, radiation
propagating inside the transmissive element 30 is redirected by the redirecting means
directly to the sensor 110, where the specific patter will be representative for a specific
position of a touching object 90 at the waveguide 30.

The light propagating inside the touch pad waveguide 30 is redirected by the three-
dimensional optical elements toward the radiation detecting means 110 where the light is

received in a pattern that can be analysed according to x,y,z directional information.
A number of improvements or optimizations may be performed:

In one embodiment, the transmissive element comprises a plurality of laminated layers. This

is advantageous as the refractive index between two layers may be used actively.

As an example a shift from high refractive index to progressively lower refractive indices will
introduce a number of TIR mirrors where high-angle radiation will be unable £o penetrate
whereas low-angle radiation moves straight through. A polymer surface with a refractive
index at 1.5 and air with a refractive index at 1 provides a critical angle of 41.81° from
polymer to air.
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A polymer surface with a refractive index of 1,5 and a middle polymer with a refractive index
of 1.4 creates, from high polymer to lower refractive index polymer, a critical angle at
68.96°,

Even though the gratings 12 are strictly speaking a three dimensional design there are no
problems associated with laminating the design together such that the cavities are confined
inside the laminate. Such a laminate may be produced using standard high volume
production methods such as the methods employed to produce holograms.

This offers the opportunity of confining gratings 12 in small air cavities 13 and to attach them
separately to a specific radiation transmissive element, such as a radiation transmissive
element having a specific TIR mirror adapted to increase the optical amplification of
modulated radiation which is trapped by total internal reflection in the high refractive layers.

This in turn increases the system sensitivity, as modulation in high refractive indices is scarce
relative to the lower refractive indices. In a system which is inadequate in differentiating
between low and high refractive indices, surface contamination is a problem, as such
contamination is created optical background noise and thus reduces the dynamic range. This,

however, may be overcome by filtering algorithms incorporated in the controlling means.

When a grating is confined in a cavity, the signal to noise ratio must be increased e.g. by
discarding radiation using optical filters. The large up and down angle dependent laminate
design reduces optical noise, as any contamination on a surface, e.g. the first surface, will
only introduce noise into the transmissive element, if it had a high refractive index. Oil,
grease and water have refractive indexes around 1.35 and will therefore only transmit
radiation into the transmissive element at angles below 64.16, such radiation will pass
straight through a 1.5/1.4 refractive TIR mirror.

Accordingly, radiation initiated by surface stains will pass though the laminated transmissive
element and be absorbed or scattered by possible layers below the transmissive element.
Thereafter it may re-enter the transmissive element at angles that cannot be trapped and
exit the transmissive element through the opposite surface.

Discrimination of radiation propagating in undesired angles in the transmissive element may
be achieved by:

1. Inserting air gaps around specific layers in a multimode transmissive element to
create TIR mirrors consisting of polymer to air refractive difference.
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2. Painting absorbent paint layers with a low refractive index on surfaces of the
transmissive element to cut of the possible lower angles of incidence by means of an
inverse TIR mirror effect, where the low-angle signals are absorbed because they

alone can pass through a TIR mirror and become absorbed by the absorbent layers.

IR or polarisation filters can contribute to improve the contrast achieved through the optical
noise suppression. However, in a transmissive element with optimised photon budget and
radiation detecting means with fast integration time, the active radiation providing means
may create a signal to noise ratio that exceeds what is needed to obtain an accurate position
detection.

Radiation used to illuminate the reflecting/scattering/emitting object could have an incident
angle as close to the critical angle as possible, as this increases the amount of photons per
square centimetre and illuminate reflecting/scattering/emitting object in a way that makes
them perform less directional and more as Lambertian objects. By confining the radiation in a
thin high refractive top layer, light may be concentrated when an object touched the first
surface. More photons will therefore leave the transmissive element and get scattered by the
touching object.

The first surface could be made of high refractive index material such as poly carbonate or
high refractive index silicon rubber 1.6. The object 90 could be a pen point made of matching
or higher refractive index polymers or silicon that is reflective rather than translucent. This
will enable the pen point 90 to absorb from the surface and reflect it back in angles that are
essentially parallel to the surface. Fingers and hands cannot reflect light at such angles due
to the fact that fingers and hands form an angle-dependent TIR mirror that deflects light at
angles above 69.63 degrees. This will ensure that relatively little light from fingers and hands
be confined in the high refractive top layer that, thus, will work as a touch pad waveguide 30
for pen points 90.
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CLAIMS

1. A system for determining a position of an object adapted to reflect/scatter/emit radiation,
the system comprising:

- a radiation transmissive element having a first surface being adapted to be engaged by
the object so as to reflect/scatter/emit radiation into the element and a second surface
opposite to the first surface, the radiation transmissive element being adapted to guide
reflected/scattered/emitted radiation therein by total internal reflection along a first part
of a radiation path extending from the object toward a detecting means;

- the detecting means having an at least one-dimensional detecting surface and being
adapted to detect radiation through the first and/or the second surface, which radiation is
reflected/scattered/emitted by the object, and to output a signal relating to the detected
radiation; and

- @ modulating means being provided in the first part of the radiation path, the modulating
means being adapted to prevent at least a part of the reflected/scattered/emitted
radiation from propagating to the detecting means, the modulation means being
positioned on or at the first and/or the second surface and defining, in the plane of the
first and/or second surface, a plurality of areas,

- one or more first of the areas allowing or facilitating reflection of radiation travelling
in the element back into the element, and

- one or more second of the areas preventing reflection of radiation travelling in the
element back into the element.

2. A system according to claim 1, wherein the detecting surface is at least substantially
parallel with the first and/or the second surface.

3. A system according to claim 1 or 2, wherein an air cavity is provided between the
modulating means and the radiation transmissive element.

4. A system according to any of the preceding claims, wherein the modulating means is
provided on or at the same surface as the radiation detecting means.

5. A system according to any of the preceding claims, wherein the modulating means is
provided on or at the opposite surface as the radiation detecting means.

6. A system according to any of the preceding claims, wherein the modulation means is
provided on the opposite surface as the radiation detecting means and wherein
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- the first area(s) are adapted to reflect radiation towards the detecting surface of the
detecting surface; and
- the second area(s) comprises at least one of:
- an absorbent area preventing radiation from propagating towards the detecting
surface, and
- aradiation transmissive means allowing radiation to be coupled out of the radiation
transmissive element and into the transmissive means, the transmissive means
comprising means for preventing said radiation from propagating back through said
opposite surface.

7. A system according to any of the preceding claims, wherein the modulation means is
provided on the same surface and wherein
- the first area(s) are adapted to reflect radiation in a direction opposite the detecting
surface so as to prevent said radiation from propagating towards the detecting means;
and
- the second area(s) comprises at least one of:
- an absorbent area preventing radiation from propagating towards the detecting
surface, and
- a radiation transmissive means allowing radiation to be coupled out of the
transmissive element and into the transmissive means so as propagate towards the
detecting surface.

8. A system according to claim 6 or 7, wherein the one or more first and the one or more

second of the areas of the modulation means are provided in a predetermined pattern.

9. A system according to any of the preceding claims, wherein a length of the modulation
means in a plane substantially parallel with the first and/or the second surface is at least
twice the distance between the first and second surfaces at the area of the modulation
means.

10. A system according to any of the preceding claims, wherein the detecting surface is
provided on or at the second surface.

11. A system according to any of the preceding claims, wherein the detecting surface forms
an outer surface of a double- or triple-glazed window.
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