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(57) ABSTRACT

An optical touch screen that utilizes a planar transparent sheet
and that is configured to determine the position of a touch
event on the transparent sheet is disclosed. Light-source ele-
ments and light-sensing elements are operably disposed at the
transparent sheet perimeter. Light is detected over lines-of-
sight between the light-source elements and the light-sensing
elements. Attenuated lines-of-sight due to a touch event are
determined. Polygons are established by overlapping tri-
angles defined by the limiting lines of sight for each light-
sensing element. Polygons with attenuations below the
attenuation threshold are eliminated. The centers of the
remaining polygons are then determined to establish the loca-
tions of the touch events. The systems and methods provide
robust detection of multiple touch events.
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1
ROBUST OPTICAL TOUCH—SCREEN
SYSTEMS AND METHODS USING A PLANAR
TRANSPARENT SHEET

This application claims the benefit of priority under 35
USC §119 of U.S. Provisional Application Ser. No. 61/564,
024 filed Nov. 28, 2011 the content of which is relied upon
and incorporated herein by reference in its entirety.

FIELD

The present disclosure relates to optical touch screens, and
in particular to robust optical touch screen systems and meth-
ods that use a planar transparent sheet and that can detect
multiple touch events.

BACKGROUND ART

The market for displays having touch-screen functionality
is rapidly growing. As a result, a variety of sensing techniques
have been developed to enable displays to have touch-screen
functionality. However, the existing techniques each have
some type of performance disadvantage for specific applica-
tions that results in significant added cost to the manufactur-
ing of the display.

Touch-screen functionality is gaining wider use in mobile
device applications, such as smart phones, e-book readers,
laptop computers and tablet computers. In addition, larger
displays, such as for desktop computers and wall-mounted
screens, are getting even larger. This increase in display size
is accompanied by an increase in the display cost when using
a conventional touch-screen technology, such as projected
capacitive touch (PCAP) technology.

Consequently, there is a need to minimize the overall thick-
ness and weight of touch-screens for the wide range of appli-
cations, from the smallest hand-held devices to the largest
displays. Moreover, there is also a need for touch-screens to
have more robust functionality, such as improved touch posi-
tion accuracy, fingerprint immunity and multi-touch capabil-

1ty.
SUMMARY

An aspect of the disclosure is a method of establishing
positions of touch events on a transparent sheet having a
perimeter, with light-source elements and light-sensing ele-
ments operably disposed adjacent the perimeter. The method
includes using the light-sensing elements to measure inten-
sity values of light from the light-source elements, wherein
the light travels internally within the transparent sheet over
lines-of-sight between the light-source elements and the
light-sensing elements. The method also includes determin-
ing limiting lines-of-sight for each light-sensing element
based on the intensity values as compared to an attenuation
threshold. The method also includes overlapping triangles
defined by the limiting lines-of-sight for each light-sensing
element to establish one or more polygons. The method addi-
tionally includes determining centers of the one or more
polygons to establish the touch event positions.

In some embodiments, each polygon has an associated
attenuation based on the measured intensity values, and fur-
ther comprising: eliminating any polygons whose associated
attenuation is below the attenuation threshold. In some
embodiments, the method further comprises determining the
intensity of the touch event based on a comparison of the
detector signal strength to a signal threshold. In some
embodiments, the transparent sheet is substantially transpar-
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2

ent to infrared (IR) light, and wherein the light from the
light-source elements comprises an IR wavelength. In other
embodiments, the IR light with a band-pass filter disposed
adjacent the light-sensing elements, the band-pass filter con-
figured to be substantially opaque to visible light and IR light
having an IR wavelength different from the IR light emitted
by the light-source elements. In some embodiments, the
perimeter includes a plurality of corners, and including
arranging the light-sensing elements one adjacent each of the
plurality of corners.

In some embodiments, the method further comprises gen-
erating from the light-sensing elements respective detector
signals representative of the intensity values as detected by
the light-sensing elements; and processing the detector sig-
nals to determine the limiting lines-of-sight. In other embodi-
ments, generating the detector signal includes: making a first
photocurrent measurement with one of the light-sensing ele-
ments when the light-source elements are turned off; making
a second photocurrent measurement with the same one of the
light-sensing elements when the light-source elements are
turned on; and subtracting the first photocurrent from the
second photocurrent.

In some embodiments, generating the detector signal
includes processing the detector signal with an electrical cir-
cuit having an amplifier, and wherein the method further
includes: making integrated photocurrent measurements for a
fixed total time AT; breaking the fixed total time AT into N
intervals to define N sub-measurements that have correspond-
ing time intervals AT/N; adding together the N sub-measure-
ments to simulate a single integration; and dynamically
choosing N to avoid overloading the amplifier.

In some embodiments, there are n light-sensing elements,
and further comprising: determining a first set of the triangles
for a first one of the light-sensing elements; determining a
second set of the triangles for a second one of the light-
sensing elements; determining a first set of the polygons from
the first and second sets of triangles; determining a third set of
the triangles for a third one of the light-sensing elements and
establishing intersections of the third set of triangles with the
first set of polygons to form a second set of the polygons; and
repeating the previous step up until the n™ light-sensing ele-
ment to arrive at a final set of polygons used in act d) to
establish the touch event positions. In some embodiments,
determining the centers of one or more polygons comprises
for each polygon: determining attenuation values within the
polygon; and calculating a center-of-mass of the polygon
based on the attenuation values within the polygon and iden-
tifying the center-of-mass as the polygon center.

In some embodiments, determining the centers of one or
more polygons comprises for each polygon: assuming a con-
stant value for the attenuation within the polygon; and calcu-
lating the geometric center of the polygon as the polygon
center. In some embodiments, the measured intensity values
are converted to detector signal strengths by the light-sensing
elements, and further comprising: establishing a baseline
measurement of light traveling over the lines-of-sight; defin-
ing a threshold detector signal strength based on the baseline
measurement; and comparing the detector signal strengths
associated with the attenuated lines-of-sight to the threshold
signal strength to determine whether the touch event
occurred. In other embodiments, the method further com-
prises adjusting the baseline measurement based on changes
in the detector signal strength; and adjusting the threshold
signal strength based on the adjusted baseline measurement.

Another aspect of the disclosure is a touch-screen system
for sensing a location of one or more touch events. The system
has a transparent sheet with a perimeter and a top surface
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where the one or more touch events occur. The system also
has a plurality of light-source elements that emit light and that
are operably disposed adjacent the perimeter to couple the
light into the transparent sheet to travel therein via total inter-
nal reflection. The system further includes a plurality of light-
sensing elements operably disposed adjacent the perimeter to
detect the light from the light-sensing elements and in
response thereto generate detector signals having a signal
strength representative of a detected light intensity. The one
or more touch events cause attenuation of the light intensity
along at least one of the lines-of-sight corresponding to the
select light-sensing element. The system also includes a con-
troller operably coupled to the light-source elements and the
light-sensing elements. The controller is configured to control
the emission of the light from the light-source elements and
process the detector signals to 1) compare the detector signal
strength in each light-sensing element to an attenuation
threshold to establish a one or more triangles as defined by
limiting ones of the attenuated lines-of-sight for the given
light-sensing element, 2) establish locations of at least one
polygon formed by at least one intersection of the one or more
triangles, and 3) calculate a center of the at least one polygon
to define locations of corresponding one or more touch
events.

It is to be understood that both the foregoing general
description and the following Detailed Description represent
embodiments of the disclosure, and are intended to provide an
overview or framework for understanding the nature and
character ofthe disclosure as it is claimed. The accompanying
drawings are included to provide a further understanding of
the disclosure, and are incorporated into and constitute a part
of'this specification. The drawings illustrate various embodi-
ments of the disclosure and together with the description
serve to explain the principles and operations of the disclo-
sure.

In some embodiments, the controller is further configured
to determine the intensity of the touch event based on a
comparison of the detector signal strength to a signal thresh-
old. In some embodiments, the transparent sheet is substan-
tially transparent to infrared (IR) light, wherein the emitted
light from the light sources comprises IR light, and wherein
the light-sensing elements are configured to detect the IR
light. In some embodiments, the perimeter includes a plural-
ity of corners, and wherein the light-sensing elements are
disposed one adjacent each of the plurality of corners. In
some embodiments, the system further comprises band-pass
filters disposed one adjacent each of the light-sensing ele-
ments, the band-pass filters each configured to be substan-
tially opaque to visible light and IR light having an IR wave-
length different from the IR light emitted by the light-source
elements. In some embodiments, the system further com-
prises an electrical circuit operably coupled to one of the
light-sensing elements, the electrical circuit being configured
to provide a compensating current that reduces or eliminates
an interfering current that arises due to interfering illumina-
tion. In some embodiments, the electrical circuit includes a
digital-to-analog converter operably connected to a processor
that provides a feedback control signal thereto to vary the
compensating current.

Additional features and advantages of the disclosure are set
forth in the detailed description that follows, and in part will
be readily apparent to those skilled in the art from that
description or recognized by practicing the disclosure as
described herein, including the detailed description that fol-
lows, the claims, and the appended drawings. The claims are
incorporated into and constitute part of the Detailed Descrip-
tion set forth below.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a face-on view of an example touch-screen system
according to the disclosure;

FIG. 2 is a cross-sectional view of the transparent sheet of
the touch-screen system;

FIG. 3 is a close-up, top-down view of a corner of the
transparent sheet, and includes a close-up inset illustrating an
example where the corner is beveled and wherein a light-
sensing element (shown in phantom) is disposed adjacent the
beveled corner;

FIG. 4 is a more detailed face-on view of the example
touch-screen system of FIG. 1, and shows example lines-of-
sight associated with one of the light-sensing elements;

FIG. 5 is a close-up cross-sectional view of the transparent
sheet atan edge 26, showing an example of how a light-source
element is edge-coupled to the transparent sheet;

FIG. 6A is similar to FIG. 5 and shows an example where
the light-source element is face-coupled to the transparent
sheet at the bottom surface, and also shows a bezel disposed
on the top surface to block the light-source element from view
from above;

FIG. 6B is similar to FIG. 6 A and shows an example where
the bezel is transparent to infrared (IR) radiation but opaque
to visible radiation, with the bezel disposed between the
light-source element and the bottom of the transparent sheet;

FIG. 7 is a face-on view of the transparent sheet, the light
source elements and light-sensing elements of the touch
screen system, illustrating a step in the method of determining
the position of a touch event by measuring the attenuation
(blocking) of fans of light rays as measured by the light-
sensing elements;

FIG. 8 is similar to FIG. 7 and illustrates a step in the
method of determining the position of a touch event by form-
ing centerlines associated with the light ray fans (i.e., the
lines-of-sight) and determining the intersections of the cen-
terlines;

FIG. 9 is similar to FIG. 7 and shows a case consisting of
two touch events;

FIG. 10 is similar to FIG. 9 and shows the various center-
lines associated with the light ray fans (lines-of-sight) of FIG.
9 for the two touch events;

FIG. 11 is a representative plot of the signal strength of'the
(processed) detector signal (relative units) vs. time (micro-
seconds), based on data obtained from measurements made in
an example touch-screen system, for the measured signal A
(solid line), the baseline signal A, (dotted line) and the thresh-
0ld T (dashed line);

FIG. 12 is a schematic elevated view of an example touch-
sensitive display formed by operably arranging the touch-
screen system atop a conventional display unit;

FIG. 13 is an exploded elevated view of an example touch-
sensitive display that shows more detail than FIG. 12;

FIG. 14A is a schematic cross-sectional, partial exploded
view of an example touch-sensitive display illustrating an
example of how to integrate the touch-screen system with a
conventional display unit;

FIG. 14B is similar to FIG. 14A and shows the touch-
screen system operably disposed atop the integrated display
assembly of the conventional display unit;

FIG. 15A is a close-up partial cross-sectional view of an
example configuration for a touch-sensitive display that is
useful for reducing the adverse effects of ambient light;

FIG. 15B is similar to FIG. 15A and illustrates an example
touch-sensitive display having a thinner configuration than
that of FIG. 15A,;






