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STEREO OPTICAL SENSORS FOR RESOLVING MULTI-TOUCH IN A TOUCH
DETECTION SYSTEM
PRIORITY CLAIM
[0001] This application claims priority to New Zealand Provisional Patent Application
No. 571,681, filed on October 2, 2008 and entitled “STEREO CAMERA TOUCH SCREEN
RESOLVING MULTITOUCH,” which is hereby incorporated by reference herein in its entirety.
TECHNICAL FIELD
[0002] The present subject matter pertains to touch detection systems that allow a user to
interact with one or more processing devices by touching on or near a surface.
BACKGROUND

[0003] FIG. 1 illustrates an example of an optical touch detection system 100 that relies
on detection of light traveling in optical paths that lic in one or more detection planes in an area
104 (“touch area” herein) on or above the touched surface. FIG. 2 features a perspective view of
a portion of system 100. For example, touch detection systems based on optical sensor
technology can use combinations of line scan sensors or area image sensors (also called area
image cameras), digital signal processing, front or back illumination, and algorithms to
determine a point or area of touch. In the example shown in FIGS. 1 and 2, two optical sensors
102A and 102B are positioned along one or more edges of the touch area 104, with their fields of
view pointed towards a bezel 106 (segments of which are represented at 106A, 106B, and 106C).
Optical sensors 102A, 102B, which may be line scan sensors or area image sensors, are oriented
to track the movement of any object within the touch area 104 by detecting interruptions of light
within their fields of view. The field of view 110 and optical center 112 of one optical sensor

102A is shown by way of example.
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[0004] In some systems, an optical sensor 102A and 102B may be included within an
optical assembly that also includes components for emitting light. For example, FIG. 2 shows an
optical assembly 103 that includes an optical sensor 102B and one or more optical emitters 114.
An optical emitter 114 may be an IR-LED or any other suitable light emitting device. Optical
emitter(s) may be aligned with the optical center of the optical sensor 102B, or may be offset
therefrom. In other systems, optical emitters 114 may be separate components (i.e., not
integrated within an optical assembly 103) that are mounted along one or more edges of touch
arca 104, so as to direct light across the touch area 104 and toward the optical sensors 102 in the
absence of interruption by an object.

[0005] Some touch detection systems include reflective or retroreflective materials
positioned around the touch area 104 (e.g., mounted to a bezel 106 or the like) for reflecting or
guiding light from optical emitter(s) 114 toward the optical sensors 102. As is known in the art,
retroreflective materials are designed to return light in substantially the same direction from
which it originated. As shown by way of example in FIG. 2, retroreflective material 107 may be
positioned along or mounted to certain segments of the bezel 106. Exemplary ray trace 108 in
FIG. 1 indicates that light may thus be retroreflected from the bezel 106 back towards the optical
sensor 102B (assuming that an optical emitter 114 is assembled with or positioned close to the
optical sensor 102B). The returned light is received through a window 116 (which may be or
include a lens) of optical sensor 102B, as shown in FIG. 2.

[0006] As shown in the perspective view of FIG. 2, if an object 118 (a stylus in this
example) is interrupting light in the detection plane, the object will cast a shadow 120 on the
bezel (bezel segment 106A in this example) which is registered as a decrease in retroreflected

light. Shadow 121, which falls in the opposite direction of shadow 120, is only partially shown
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in FIG. 2. In this particular example, optical sensor 102A (not shown in FIG. 2) would register
the location of shadow 120 to determine the direction of the shadow cast on bezel segment 106A,
while optical sensor 102B would register shadow 121 that is cast on bezel segment 106C within
its field of view. Those skilled in the art will appreciate that other shadows may occur on
segments of the bezel 106 as well, depending on the geometry and type of the emitted light and
ambient conditions.

[0007] FIG. 3 illustrates the geometry involved in the location of a touch point T relative
to touch area 104 of system 100. Based on the interruption in detected light, touch point T can
be triangulated from the intersection of two lines 122 and 124. Lines 122 and 124 each
correspond to a ray trace from the center of a shadow detected by the optical sensors 102A and
102B, respectively. The borders 121 and 123 of one shadow are illustrated with respect to light
detected by optical sensor 102B. The distance W between optical sensors 102A and 102B is
known, and angles o and 3 can be determined from lines 122 and 124. Coordinates (X,Y) for
touch point T can be determined by the expressions tan o= Y/X and tan f =Y / (W-X).

[0008] As shown at FIG. 4, however, problems can arise if two points are simultancously
touched, with “simultaneously” referring to touches that happen within a given time interval
during which interruptions in light are evaluated. In particular, FIG. 4 shows two touch points
T1 and T2 and four resulting shadows 126, 128, 130, and 132 at the edges of touch area 104.
Although the centerlines are not illustrated in this example, touch point T1 can be triangulated
from respective centerlines of shadows 126 and 128 as detected via optical sensors 102A and
102B, respectively. (The centerlines can be determined by halving the distance between the
respective edges of the shadows 126, 128.) Touch point T2 can be triangulated from centerlines

of shadows 130 and 132 as detected via optical sensors 102A and 102B, respectively. Shadows
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126 and 132 intersect at G1 and shadows 128 and 130 intersect at G2, and the intersections are
detected as “ghost” points. To the triangulation software that may be used calculate touch point
coordinates, the ghost points G1 and G2 and touch points T1 and T2 all appear as “potential
points” that must be evaluated to determine which of them are the true touch points.
Conventional optical touch detection systems having two optical sensors (and also most matrix
based touch detection systems) have no way of resolving the true touch points from the ghost
points.

[0009] Co-pending U.S. Patent Application Serial Nos. 12/494,217 (filed on May 1,
2009 and entitled “Systems and Methods for Resolving Multi-touch Scenarios Using Software
Filters”) and 12/368,372 (filed on February 10, 2009 and entitled “Systems and Methods for
Resolving Multi-touch Scenarios for Optical Touchscreens”), which are both commonly
assigned to the present applicant, both describe inventive optical touch detection systems and
methods for distinguishing between ghost points and true touch points using only two optical
sensors. Both of those applications and are incorporated herein by reference in their entireties.
[0010] Another way to distinguish between ghost points and true touch points is by
increase the number of observation axes, i.e., by increasing the number of optical sensors 102
positioned along the touch area 104. In FIG. 5, for example, there are four optical sensors 102A-
D; one positioned in each corner of the touch area 104. Although increasing the number of
optical sensors 102 provides for improved triangulation accuracy, it also increases the number of
potential points that must be evaluated to determine the true touch points (T1, T2). For example,
as shown in FIG. 5 the two true touch points (T1, T2) and four optical sensors 102A-D produce a

much greater number of shadow intersections (or ghost points) as compared to that in FIG. 4.
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[0011] Additionally, increasing the number of true touch points further increases the
number of ghost points (and thus potential points). For example, in FIG. 5 if a third touch point
T3 (not shown) was introduced in touch area 104, then even more shadow intersections (or ghost
points) would result. If there are “N” true touch points and “L” optical sensors, then the total
number of potential points “PP” may be calculated with the equation:

L*(L-1)
2

PP=N?**

In FIG.5 there are four optical sensors 102A-D (L = 4) and two touch points T1, T2 (N =2) for a
total of 24 potential points PP. Assuming four touch points (N = 4) in the system of FIG. 5, there
would be 96 potential points PP, and assuming five touch points (N = 5) there would be 150
potential points PP.

[0012] A “potential point pair” is a pair of two potential points PP. If the respective
potential points PP within a pair are close together, the more likely it is that the pair represents a
true touch point. Thus, to find the N actual touch points in the system of FIG. 5, the analysis
involves searching through all combinations of potential point pairs that are the least distance
apart and selecting N true touch points from this set by binning and sorting by frequency.
“Combinations” in this context means all of the possible arrangements of potential point pairs
from the total number of potential points PP. The number of combinations may be derived from

the following formula:

'
Combinations = PR
21(PP-2)!
[0013] Assuming four potential points PP, there are 6 combinations of potential point

pairs that must be evaluated to determine distance. Assuming 96 potential points PP, there are

4,560 potential point pairs, and assuming 150 potential points PP there are 11,175 potential point
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pairs. As described above, once all potential point pairs are identified, it is necessary to compute
the distance between each potential point PP within each pair and to compare the computed
distances in order to determine which pairs represent the true touch points. This analysis is
computationally intensive because is involves taking the square root of the x,y difference for
cach potential point pair. Thus, the analysis needed to ultimately determine the location of the
true touch points dramatically increases in conventional touch detection systems as the number
of optical sensors 102 increases. Yet another problem with a four optical sensor arrangement,
such as that shown in FIG. 5, is that the two optical sensors 102C and 102D positioned along the
bottom of the touch area 104 may be more exposed to dust, debris and bright ambient light.
SUMMARY
[0014] Objects and advantages of the present subject matter will be apparent to one of
ordinary skill in the art upon careful review of the present disclosure and/or practice of one or
more embodiments of the claimed subject matter.
[0015] In accordance with one or more aspects of the present subject matter, the total
number of potential point pairs in a touch detection system may be reduced—thereby reducing
the computational analysis needed to distinguish between ghost points and true touch points—by
providing at least two pairs of optical sensors. Thus, one aspect of the present invention
increases the total number of optical sensors but at the same time reduces the total number of
potential point pairs that need to be evaluated to resolve multitouch scenarios.
[0016] Each pair of optical sensors may be comprised of two individual sensors that are
separated from each other by a triangulation baseline. In one embodiment, a pair of optical
sensors includes a first sensor positioned in a first corner of a touch area and a second sensor

positioned in a second corner of the touch area. Thus, the triangulation baseline may comprise
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the distance between the first and second corners of the touch area. In other embodiments,
however, the individual optical sensors within a pair are positioned anywhere along the edges of
the touch area (in other words, not necessarily in the corners of the touch area) and thus the
triangulation baseline is not limited to the distance between corners of the touch area.
Additionally, the at least two pairs of optical sensors may be positioned in a variety of ways with
respect to each other.
[0017] Each pair of optical sensors may be used to detect and calculate its own set of
potential points. In other words, a first pair of optical sensors is used to identify a first set of
potential points and a second pair of optical sensors is used to identify a second set of potential
points. Potential point pairs are then determined by comparing the first and second sets of
potential points, i.e., each potential point pair includes a potential point from the first set and a
potential point from the second set. Each potential point pair is evaluated to determine the
distance between its constituent potential points. The true touch points are identified by
selecting the potential point pairs having the shortest distances between their constituent
potential points.

BRIEF DESCRIPTION OF THE DRAWINGS
[0018] A full and enabling disclosure including the best mode of practicing the appended
claims and directed to one of ordinary skill in the art is set forth more particularly in the
remainder of the specification. The specification makes reference to the following appended
figures, in which use of like reference numerals is intended to illustrate like or analogous
components.
[0019] FIG. 1 is a block diagram illustrating a first exemplary conventional optical touch

detection system.
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[0020] FIG. 2 is a perspective view of the system of FIG. 1.

[0021] FIG. 3 is a diagram illustrating the geometry involved in calculating touch points
in a typical optical touch detection system.

[0022] FIG. 4 is a diagram illustrating the occurrence of “ghost points” when multiple
simultaneous touches occur in an optical touch detection system.

[0023] FIG. 5 is a block diagram illustrating a second exemplary conventional optical
touch detection system that includes four optical sensors.

[0024] FIG. 6A is a block diagram illustrating an exemplary touch detection system

having two stereo pairs of optical sensors, in accordance with certain embodiments of the present

invention.
[0025] FIG. 6B is an enlarged view of a portion of the touch area shown in FIG. 6A..
[0026] FIG. 7A is a block diagram illustrating an exemplary touch detection system

having two stereo pairs of optical sensors, in accordance with certain alternative embodiments of
the present invention.

[0027] FIG. 7B is a block diagram illustrating an exemplary touch detection system
having two stereo pairs of optical sensors, in accordance with certain other alternative
embodiments of the present invention.

[0028] FIG. 8 is a block diagram partially illustrating an exemplary touch detection
system in which a pairs of optical sensors has a triangulation base line that is relatively short, in
accordance with certain embodiments of the present invention.

[0029] FIG. 9 is a block diagram illustrating an exemplary touch detection system in
which three optical sensors are used to form two stereo pairs of optical sensors, in accordance

with certain embodiments of the present invention.
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[0030] FIG. 10 is a block diagram of an optical assembly that includes two optical
sensors, in accordance with certain embodiments of the present invention.
[0031] FIG. 11 is a flowchart illustrating an exemplary method for resolving multitouch
scenarios using at least two pairs of optical sensors, in accordance with certain embodiments of
the present invention.
[0032] FIG. 12 is a block diagram illustrating an exemplary touch detection system and
showing an exemplary computing device forming a part thereof, in accordance with certain
embodiments of the present invention.

DETAILED DESCRIPTION OF THE DRAWINGS
[0033] Reference will now be made in detail to various and alternative exemplary
embodiments and to the accompanying drawings. Each example is provided by way of
explanation, and not as a limitation. It will be apparent to those skilled in the art that
modifications and variations can be made without departing from the scope or spirit of the
disclosure and claims. For instance, features illustrated or described as part of one embodiment
may be used on another embodiment to yield still further embodiments. Thus, it is intended that
the present disclosure includes any modifications and variations as come within the scope of the
appended claims and their equivalents.
[0034] The present invention provides optical touch detection systems and methods for
resolving multi-touch by using at least two stereo optical sensor pairs. The optical sensor pairs
separately calculate range and triangulate touch positions. The term “optical sensor” is used
broadly herein to refer to any type of sensor device that is capable of detecting the presence or
absence of light, i.e., the amount of photons within a given area, such as a pixel, and generating

data signals representing that information. For example, an optical sensor may be a line scan
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sensor or area image sensor (also called an area image camera). Some optical sensors capture
static optical data, while others may be used to capture dynamic (i.e., motion video) optical data.
Some optical sensors detect only variations of light intensity (i.e., black/white optical data),
while some detect colors.

[0035] In the embodiments described herein, optical sensors are used to detect shadows,
i.e., interruptions of reflected light caused by touch points within the touch area. However, in
other embodiments the data captured and output by certain types of optical sensors (e.g., arca
image sensors) may be used to generate images (i.e., optical duplicates) of the touch area, from
which the edges and/or centerlines of the touch object(s) in the image may be used to calculate
touch point coordinates in the same or a similar way that shadows are utilized. For example, the
edges and/or centerline of the touch object in each image may be used to determine relative
positions of touch objects, which may be triangulated to determine potential points, as will be
described below with respect to shadows. Therefore, while the described embodiments refer to
the detection and triangulation of shadow coordinates, it should be recognized that the principles
of the invention also apply to the detection and triangulation of image coordinates. As used
herein, the term “touch object” is intended to refer to any object used to effect a touch point, such
as fingers, styluses or other pointers.

[0036] FIG. 6A illustrates an exemplary touch detection system 200 configured in
accordance with one or more embodiments of the present invention. In this example, there is a
touch area 204 having edges 204A, 204B, 204C, and 204D. As is known in the art, the touch
arca 204 may be bounded by a bezel or other type of frame. In certain embodiments, a
retroreflective material is mounted or applied to the bezel and may comprise prismatic film, tape

or paint. For example, the retroreflective material may be applied to at least three sides of the
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bezel adjacent to edges 204A, 204B and 204C of the touch area 204. In other embodiments, the
retroreflective material may be substituted with other types of reflective or refractive materials,
including mirrors, prisms and the like. Furthermore, the principles of the present invention will
work in systems employing either forward-lighting or back-lighting illumination techniques.
[0037] In addition, FIG. 6 shows two pairs of optical sensors 206, 208 positioned along
an edge 204D of the touch area 204. The first pair of optical sensors 206 may comprise a first
optical sensor 206A and a second optical sensor 206B. Similarly, the second pair of optical
sensors 208 may comprise a third optical sensor 208A and a fourth optical sensor 208B. The
placement of the individual optical sensors within each pair relative to each other and the
placement of the optical sensor pairs relative to each other, as described more fully below, may
influence aspects of the present subject matter.

[0038] In some embodiments, each optical sensor 206A, 206B, 208A, and 208B may be
a component of an optical assembly that also includes one or more optical emitter. For instance,
light emitting diodes (LEDs) may be used to generate infrared (IR) radiation that is directed over
one or more optical paths in the detection plane. Other portions of the EM spectrum or even
other types of energy may be used as applicable with appropriate emitter and sensor devices. In
other embodiments, the touch area 204 may be illuminated by one or more a separate
illumination source.

[0039] As a general matter, each of the optical sensors 206A, 206B, 208A, 208B are
positioned around the touch area 204 so that their fields of view are pointed toward the
surrounding bezel. That is, the optical sensors 206A, 206B, 208A, 208B detect shadows cast on
the bezel by touch objects (e.g., finger, stylus, pointer, etc.) that interrupt the light or other

energy that illuminates the touch area 204. As discussed above, the positions of these shadows
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can be triangulated to calculate the locations of potential touch points. Such calculations can
include algorithms to compensate for discrepancies (e.g., lens distortions, ambient conditions,
damage to or impediments on the touch screen or other touched surface, etc.), as applicable. The
pairing of optical sensors 206, 208 in accordance with the present invention significantly reduces
the complexity of computations needed to ascertain which of the potential points are ghost points
and which are true touch points.

[0040] The individual optical sensors within each pair of optical sensors 206, 208 are
separated by a “triangulation base line.” For example, optical sensors 206A and 206B are
positioned in or near opposite corners of the touch area 204 and are separated by a first
triangulation base line 210. Similarly, optical sensors 208 A and 208B are also positioned in or
near opposite corners of the touch area 204 and are separated by a second triangulation base line
212. Because the individual optical sensors within each pair of optical sensors 206, 208 are
positioned in or near opposite corners of the touch area 204, both the first and second
triangulation base lines 210, 212 are approximately equal to the width of the touch area 204. The
precise length of each triangulation base line 210, 212 can, of course, be easily calculated, for
example when the touch detection system 200 is constructed and/or calibrated.

[0041] But the optical sensors 206, 208 do not need to be positioned in the corners of the
touch area 204, and accordingly the triangulation base lines 210, 212 can have other dimensions
in other embodiments. For example, FIG. 7A shows an embodiment in which optical sensor
206A is positioned along edge 204D of the touch area 204 and optical sensor 206B is positioned
at the corner where edges 204A and 204B meet. FIG. 7A also shows optical sensor 208A
positioned along edge 204D of the touch area 204 and optical sensor 208B positioned along edge

204A.
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[0042] In FIGS. 6A and 7A the pairs of optical sensors 206, 208 are positioned relatively
close to one another. For example, the two “A” optical sensors 206A, 208A are positioned
adjacent to one another, and the two “B” optical sensors 206B, 208B are positioned adjacent to
one another. But in other embodiments the pairs of optical sensors 206, 208 may not be
positioned so closely or adjacent to one another. For example, in FIG. 7B the “A” optical
sensors 206A and 208A are not adjacent to one another, and neither are the “B” optical sensors
206B, 208B. Thus, many positions of the pairs of optical sensors 206, 208 with respect to each
other are possible.

[0043] In general, embodiments in which the triangulation base lines 210, 212 are
relatively longer tend to provide more accuracy than embodiments in which the triangulation
base lines 210, 212 are relatively shorter. FIG. &, for example, shows a pair of optical sensors
206A, 206B having a triangulation base line 210 that is relatively short. As shown, a short
triangulation base line 210 causes the optical sensors 206A, 206B to have a very similar field of
view, which compromises the system’s triangulation accuracy. While the accuracy of optical
sensor pairings having shorter triangulation base lines may be acceptable in some embodiments,
the increased accuracy of optical sensor parings having longer triangulation base lines may be
preferred in other embodiments.

[0044] In accordance with the present invention, the pairs of optical sensors 206, 208
operate independently of one another, so that each pair is used to calculate a separate set of
potential points PP. That is, the first pair of optical sensors 206 is used to calculate a first set of
potential points PP1, and the second pair of optical sensors 208 is used to calculate a second set
of potential points PP2. The use of dual sets of potential points (PP1, PP2) effectively simulates

two overlapped touch detection systems that operate independently of each other.
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[0045] In the example illustrated in FIG. 6A, there are four simultaneous true touch
points (T1-T4) represented by circles in touch area 204. Touch points may be considered
“simultaneous” if they occur within a given time window during which the optical sensors 206,
208 detect the presence or absence of light. For example, the touch points may occur in the same
sampling interval or over multiple sampling intervals considered together. The touch points may
be caused by different touch objects (e.g., fingers, styluses, or a combination thereof, etc.) or
different portions of the same touch object that intrude into the touch area 204 at different
locations, for example.

[0046] Each touch point T1-T4 creates disturbances of light, which are detected by the
optical sensors 206, 208 as shadows. In the case of four touch points T1-T4, each optical sensor
206A, 206B, 208A, 208B detects four shadows. For ease of reference, only representative
centerlines of the respective shadows are shown in FIG. 6A. The calculation of such centerlines
based on data generated by the optical sensors 206A, 206B, 208A, 208B is well known in the art.
Accordingly, the shadows detected by the first pair of optical sensors 206 can be triangulated to
determine coordinates for a first set of 16 potential points, which comprise the four true touch
points represented by circles T1-T4 and the 12 ghost points represented by square dots in the
figure. Similarly, the shadows detected by the second pair of optical sensors 208 can be
triangulated to determine coordinates for a second set of 16 potential points, which comprise the
four true touch points represented by circles T1-T4 and the 12 ghost points represented by round
dots in the figure.

[0047] Once the coordinates of all potential points are determined, true touch points may
be distinguished from ghost points by comparing the first set of potential points PP1 with the

second set of potential points PP2. This is done by calculating the distance between each
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potential point of the first set of potential points PP1 and each potential point of the second set of
potential points PP2. Thus, the potential point pairs to be evaluated are each made up of a
potential point from the first set of potential points PP1 and a potential point from the second set
of potential PP2. As previously described, the closer together the potential points in a potential
point pair, the more likely that potential point pair corresponds to a true touch point.

[0048] Pairing optical sensors in accordance with the present invention is beneficial,
therefore, because it is not necessary to compute and analyze all combinations of all potential
point pairs. Instead, it is only necessary to compare the first set of potential points PP1 identified
by one pair of optical sensors 206 with the second set of potential points PP2 identified by
another pair of optical sensors 208. In addition, aspects of the current invention provide
redundancy if one of the pairs of optical sensors 206, 208 should fail. Thus, if one pair fails then
the other pair will still function, and will be able to collect its own set of potential points PP.
[0049] In the example of FIG. 6A, the four touch points result in only 16 potential points
PP for each pair of optical sensors 206, 208, which translates to 256 potential point pairs (N* = 4*
= 256). By contrast, four touch points in the conventional system of FIG. 5 results in 96 total
potential points PP and 4,560 potential point pairs, all of which must be analyzed to distinguish
between true touch points and ghost points in that system. Thus, the present invention, as
embodied in the system shown in and described with reference to FIG. 6A, yields approximately
18 times fewer potential point pairs for analysis than the conventional system. This
improvement leads to a reduction in the computational analysis needed to distinguish between
ghost points and true touch points.

[0050] FIG. 6B is an enlarged view of a portion 215 of the touch area 204 shown in FIG.

6A. In this illustration, four of the potential points from the first set of potential points PP1 are
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designated as PP1-1, PP1-2, PP1-3, PP1-4 and four of the potential points from the second set of
potential points PP2 are designated as PP2-1, PP2-2, PP2-3, PP2-4. Given this subset of
potential points from the two sets of potential points PP1, PP2, there are 16 potential point pairs
to evaluate: (1) PP1-1 & PP2-1; (2) PP1-1 & PP2-2; (3) PP1-1 & PP2-3; (4) PP1-1 & PP2-4; (5)
PP1-2 & PP2-1; (6) PP1-2 & PP2-2; (7) PP1-2 & PP2-3; (8) PP1-2 & PP2-4; (9) PP1-3 & PP2-1;
(10) PP1-3 & PP2-2; (11) PP1-3 & PP2-3; (12) PP1-3 & PP2-4; (13) PP1-4 & PP2-1; (14) PP1-4
& PP2-2; (15) PP1-4 & PP2-3; (16) PP1-4 & PP2-4. As shown, the distance between the
potential points PP1-2 & PP2-2 is much smaller that the distances between the other potential
point pairs. Applying this same methodology to the example of FIG. 6A, the 256 potential point
pairs will be evaluated to identify the four potential point pairs having the shortest distances
between their constituent potential points and those four potential point pairs will be determined
to correspond to the four true touch points.

[0051] In other embodiments of the present invention, the desired stereo pairing of
optical sensors may be achieved with as few as three optical sensors. For example, as shown in
FIG. 9, a first optical sensor 206A may be paired with a second optical sensor 206B to form a
first optical sensor pairing. Additionally, optical sensor 206A may be separately paired with a
third optical sensor 208A to form a second optical sensor pairing. In such an arrangement, the
first optical sensor pairing (206A, 206B) has a different effective field of view than the second
optical sensor pairing (206A, 208A) and, therefore, the triangulation methodology described
above can be used to distinguish between true touch points and ghost points. Furthermore, the
calculation of potential point coordinates can be simplified in such an arrangement because the
same shadows detected by the first optical sensor 206A can be used for the first set of potential

points PP1 and the second set of potential points PP2. In still other embodiments, the at least
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two stereo pairs of optical sensors may comprise various parings of more than four optical
sensors. Accordingly, any arrangement and placement of individual optical sensors into at least
two pairings is possible and the present invention is by no means limited to the particular
arrangement or positions as shown in the figures.

[0052] Although each optical sensors 206A, 206B, 208A, and 208B has been described
herein as a separate element, in certain embodiments at least two optical sensors may be housed
in a single optical assembly (which may also include one or more optical emitters). For example,
FIG. 10 shows one optical assembly 214 that includes two optical sensors 206A, 206B. Both
optical sensors 206A, 206B may be mounted on a single circuit board and/or may be constructed
from shared components, such as lenses wiring, housing elements, etc. As described above, each
of the optical sensors 206A, 206B may be paired with another optical sensors to achieve a
desired triangulation base line. In some embodiments, optical assembly 214 additionally
includes optical emitters (not shown) or other components.

[0053] FIG. 11 is a flowchart showing an exemplary method 300 for resolving a
multitouch scenario using at least two stereo pairs of optical sensors. The method 300 begins at
start step 301, where it is assumed that a touch detection system in accordance with the present
invention is subjected to multiple simultaneous touches within its touch area. It is also assumed
that the number of simultaneous touches will be the same as the number of shadows (i.e.,
interruptions of energy emitted across a touch area 204) detected by a single optical sensor. In
other words, if a single sensor 206A detects four shadows, the system will determine that four
simultaneous touches have occurred and that it must calculate the positions of four true touch

points.

17



WO 2010/039663 PCT/US2009/058682

[0054] From step 301, the exemplary method proceeds to step 302, where a plurality of
shadows cast by simultaneous touches (e.g., touch points T1-T4) within the touch area 204 are
detected by a first pair of optical sensors 206 and a second pair of optical sensors 208. Next at
step 304, the coordinates of the shadows detected by the first pair of optical sensors 206 are
triangulated to determine a first set of potential points PP1. Similarly, at step 306 the coordinates
of the shadows detected by the second pair of optical sensors are triangulated to determine a
second set of potential points PP2. Those skilled in the art will appreciate that step 304 and step
306 may occur in parallel or in reverse order in some embodiments.

[0055] Next at step 308, combinations of potential point pairs are determined, each pair
including a potential point from the first set of potential points (PP1) and a potential point from
the second set of potential points (PP2). As described above, for ‘N’ touch points, the number of
potential points in each set of potential points will be N*. Thus, the number of potential point
pair combinations will be N*. In some embodiments, all such potential point pair combinations
may be determined. In other embodiments, however, further logic may be used to eliminate
potential point pairs that are unlikely to represent true touch points, thus reducing the number of
potential point pairs that need to be evaluated. For example, in the case where the stereo pairs of
optical sensors 206, 208 have a similar field of view, the potential points in each set may be
paired according to order, with all other possible combinations being ignored. In other words,
the first potential point in PP1 can be paired with the first potential point in PP2 (assuming that
cach set PP1 and PP2 is ordered the same relative to the touch area).

[0056] At step 310, each potential point pair is evaluated to determine the distance
between its constituent potential points. Then potential point pairs are compared to each other at

step 312 to identify the ‘N’ number of potential point pairs having the shortest distances between
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their constituent potential points, where ‘N’ is equal to the number of shadows detected by any
one optical sensor (e.g., 206A). The ‘N’ potential point pairs are designated as true touch points
at step 314 and then the exemplary method ends at step 316.

[0057] Once the “actual” points have been identified, the coordinates as determined from
triangulation can be used in any suitable manner. For example, user interface or other systems
components that handle input provided via a touch screen can be configured to support
multitouch gestures specified by reference to the simultaneous touch points. Although the
examples herein referred to “touch” points, those skilled in the art will appreciate that the
described shadows may result from a “hover” action or other gesture in which no actual contact
occurs with a touch surface.

[0058] FIG. 12 is a block diagram illustrating an exemplary touch detection system 200,
and showing an exemplary computing device 401forming a part thereof. Computing device 401
may be functionally coupled to other elements of the touch screen system 200 by hardwire
and/or wireless connections. Computing device 401 may be any suitable computing device,
including, but not limited to a processor-driven device such as a personal computer, a laptop
computer, a handheld computer, a personal digital assistant (PDA), a digital and/or cellular
telephone, a pager, a video game device, etc. These and other types of processor-driven devices
will be apparent to those of skill in the art. As used in this discussion, the term "processor" can
refer to any type of programmable logic device, including a microprocessor or any other type of
similar device.

[0059] Computing device 401 may include, for example, a processor 402, a system
memory 404, and various system interface components 406. The processor 402, system memory

404, a digital signal processing (DSP) unit 405 and system interface components 406 may be
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functionally connected via a system bus 408. The system interface components 406 may enable
the processor 402 to communicate with peripheral devices. For example, a storage device
interface 410 can provide an interface between the processor 402 and a storage device 411
(removable and/or non-removable), such as a disk drive. A network interface 412 may also be
provided as an interface between the processor 402 and a network communications device (not
shown), so that the computing device 401 can be connected to a network.

[0060] A display screen interface 414 can provide an interface between the processor 402
and a display device of the touch detection system 200. For instance, interface 414 may provide
data in a suitable format for rendering by the display device over a DVI, VGA, or other suitable
connection. The display device may comprise a CRT, LCD, LED, or other suitable computer
display, or may comprise a television, for example.

[0061] One or more input/output ("I/0") port interfaces 416 may be provided as an
interface between the processor 402 and various input and/or output devices. For example, the
optical sensors 206, 208 may be connected to the computing device 401 and may provide input
signals representing detected patterns of light to the processor 402 via an input port interface
416. Similarly, the optical emitters and other components may be connected to the computing
device 401 and may receive output signals from the processor 402 via an output port interface
416.

[0062] A number of program modules may be stored in the system memory 404, any
other computer-readable media associated with the storage device 411 (e.g., a hard disk drive),
and/or any other data source accessible by computing device 401. The program modules may
include an operating system 417. The program modules may also include an information display

program module 419 comprising computer-executable instructions for displaying images or other
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information on a display screen. In addition, aspects of the exemplary embodiments of the
invention may be embodied in a touch panel control program module 421 for controlling optical
assemblies, and/or for calculating touch locations (e.g., by implementing exemplary method 300
or a variation thereof), and discerning interaction states relative to the touch area based on
signals received from the optical sensors.

[0063] In some embodiments, a DSP unit 405 is included for performing some or all of
the functionality ascribed to the touch panel control program module 421. As is known in the
art, a DSP unit 405 may be configured to perform many types of calculations including filtering,
data sampling, and triangulation and other calculations and to control the modulation and/or
other characteristics of the illumination systems. The DSP unit 405 may include a series of
scanning imagers, digital filters, and comparators implemented in software. The DSP unit 405
may therefore be programmed for calculating touch locations and discerning other interaction
characteristics as known in the art.

[0064] The processor 402, which may be controlled by the operating system 417, can be
configured to execute the computer-executable instructions of the various program modules.
Methods in accordance with one or more aspects of the present subject matter may be carried out
due to execution of such instructions. Furthermore, the images or other information displayed by
the information display program module 419, as well as other data used in accordance with
aspects of the present invention, may be stored in one or more information data files 423, which
may be stored on any computer readable medium associated with or accessible by the computing
device 401.

[0065] When a user touches on or near the touch arca 204, a variation will occur in the

intensity of the energy beams that are directed across the touch area 204 in one or more detection
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planes. The optical sensors 206, 208 are configured to detect the intensity of the energy beams
reflected or otherwise scattered across the touch area 204 and should be sensitive enough to
detect variations in such intensity. Data signals produced by the optical sensors 206, 208 may
be used by the computing device 401 to determine the location of the touch points relative to the
touch area 204. Computing device 401 may also determine the appropriate response to a touch.
[0066] In accordance with some implementations, data from the optical sensors 206, 208
may be periodically processed by the computing device 401 to monitor the typical intensity level
of the energy beams directed along the detection plane(s) when no touch is present. This allows
the system to account for, and thereby reduce the effects of, changes in ambient light levels and
other ambient conditions. The computing device 401 may optionally increase or decrease the
intensity of the energy beams emitted by the optical emitters as needed. Subsequently, if a
variation in the intensity of the energy beams is detected by the optical sensors 206, 208,
computing device 401 can process this information to determine that one or more touch has
occurred within the touch area.

[0067] Several of the above examples were presented in the context of a touch detection
system that includes or is overlaid onto a display screen. However, it will be understood that the
principles disclosed herein could be applied even in the absence of a display screen. For
example, the touch area may encompass or overlay a static image or no image at all.

[0068] The various systems discussed herein are not limited to any particular hardware
architecture or configuration. As was noted above, a computing device can include any suitable
arrangement of components that provide a result conditioned on one or more inputs. Suitable
computing devices include multipurpose microprocessor-based computer systems accessing

stored software, but also application-specific integrated circuits and other programmable logic,
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and combinations thereof. Any suitable programming, scripting, or other type of language or
combinations of languages may be used to implement the teachings contained herein in software.
[0069] Embodiments of the methods disclosed herein may be executed by one or more
suitable computing devices. Such system(s) may comprise one or more computing devices
adapted to perform one or more embodiments of the methods disclosed herein. As noted above,
such devices may access one or more computer-readable media that embody computer-readable
instructions which, when executed by at least one computer, cause the at least one computer to
implement one or more embodiments of the methods of the present subject matter. When
software is utilized, the software may comprise one or more components, processes, and/or
applications. Additionally or alternatively to software, the computing device(s) may comprise
circuitry that renders the device(s) operative to implement one or more of the methods of the
present subject matter.

[0070] Any suitable computer-readable medium or media may be used to implement or
practice the presently-disclosed subject matter, including, but not limited to, diskettes, drives,
magnetic-based storage media, optical storage media, including disks (including CD-ROMS,
DVD-ROMS, and variants thereof), flash, RAM, ROM, and other memory devices, and the like.
[0071] While the present subject matter has been described in detail with respect to
specific embodiments thereof, it will be appreciated that those skilled in the art, upon attaining
an understanding of the foregoing may readily produce alterations to, variations of, and
equivalents to such embodiments. Accordingly, it should be understood that the present
disclosure has been presented for purposes of example rather than limitation, and does not
preclude inclusion of such modifications, variations and/or additions to the present subject matter

as would be readily apparent to one of ordinary skill in the art.
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CLAIMS
What is claimed is:
1. A touch detection system for resolving multitouch scenarios, the system
comprising:
a touch area;
one or more optical emitters for emitting energy across the touch area;
a first pair of optical sensors positioned along at least one edge of the touch area;
a second pair of optical sensors positioned along at least one edge of the touch area; and
a computing system interfaced with the first and second pairs of optical sensors, the
computer system configured to:

receive data signals indicating a first plurality of shadows detected by the first
pair of optical sensors and a second plurality of shadows detected by the second pair of
optical sensors, the first and second plurality of shadows caused by multiple true touch
points,

triangulating the first plurality of shadows to determine a first set of potential
points and triangulating the second plurality of shadows to determine a second set of
potential points,

determining potential point pairs comprising combinations of the first set of
potential points and the second set of potential points,

for each potential point pair, calculating the distance between its constituent
potential points, and

determining that a plurality of the potential point pairs having the shortest

distances between their constituent potential points are the true touch points.
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2. The touch detection system as in claim 1, wherein the touch area is bounded on
three sides by a bezel; and
wherein the first and second pair of optical sensors are each positioned to image the

bezel.

3. The touch detection system as in claim 2, wherein at least one of the optical
emitters is positioned in close proximity to each optical sensor of the first and second pair of
optical sensor; and

wherein the bezel has a retroreflective surface for retroreflecting energy emitted by each

optical emitter in the direction of the corresponding optical sensor.

4. The touch detection system as in claim 1, wherein each optical sensor of the first
and second pair of optical sensors is housed in an assembly comprising at least one of the optical

emitters.

5. The touch detection system as in claim 1, wherein the first pair of optical sensors
comprises a first optical sensor and a second optical sensor;

wherein the second pair of optical sensors comprises a third optical sensor and a fourth
optical sensor; and

wherein the first optical sensor and the third optical sensor are positioned adjacent to one
another and the second optical sensor and the fourth optical sensor are positioned adjacent to one

another.
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6. The touch detection system as in claim 5, wherein the first optical sensor and the

third optical sensor are housed in a single assembly.

7. The touch detection system as in claim 5, wherein the second optical sensor and

the fourth optical sensor are housed in a single assembly.

8. The touch detection system as in claim 5, wherein the first optical sensor and the
third optical sensor are positioned in a first corner of the touch area; and
wherein the second optical sensor and the fourth optical sensor are positioned in a second

corner of the touch area.

9. The touch detection system as in claim 1, wherein the first pair of optical sensors
is separated by a first triangulation base line, and the second pair of optical sensors is separated
by a second triangulation base line; and

wherein each of the first triangulation base line and the second triangulation base line is

relatively long.

10.  The touch detection system as in claim 1, further comprising at least a third pair

of optical sensors positioned along at least one edge of the touch area and interfaced with the

computing device.
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11.  The touch detection system as in claim 1, wherein at least one optical sensor of
the first pair of optical sensors and the second pair of optical sensors is a line scan sensor. and,

an area image sensor, and a video camera.

12.  The touch detection system as in claim 1, wherein at least one optical sensor of

the first pair of optical sensors and the second pair of optical sensors is an area image sensor.

13.  The touch detection system as in claim 12, wherein the area image sensor captures

video data.

14. A method for resolving multitouch scenarios, the method comprising:

emitting energy across a touch area;

detecting a first plurality of shadows with a first pair of optical sensors that are
positioned along at least one edge of the touch area;

detecting a second plurality of shadows with a second pair of optical sensors that are
positioned along at least one edge of the touch area, wherein the first and second plurality of
shadows are caused by multiple true touch points;

triangulating the first plurality of shadows to determine a first set of potential points and
triangulating the second plurality of shadows to determine a second set of potential points;

determining potential point pairs comprising combinations of the first set of potential
points and the second set of potential points;

calculating the distance between the constituent potential points for each potential point

pair; and
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determining that a plurality of the potential point pairs having the shortest distances

between their constituent potential points are the true touch points.

15.  The method as in claim 14, wherein triangulating the first plurality of shadows

occurs simultaneously with triangulating the second plurality of shadows.

16.  The method as in claim 14, wherein a potential point pair comprises one potential
point from the first set of potential points and one potential point from the second set of potential

points.

17.  The method as in claim 14, further comprising adjusting the level of energy that is

emitted across the touch area to thereby reduce the effect of a change in ambient light.

18. A computer-readable medium tangibly embodying program code operable for
causing a processor to identify a true touch point from a plurality of potential points, the
computer-readable medium comprising:

program code for receiving data signals indicating a first plurality of shadows detected
by a first pair of optical sensors, wherein the first pair of optical sensors are positioned along at
least one edge of a touch area;

program code for receiving data signals indicating a second plurality of shadows detected
by a second pair of optical sensors, wherein the second pair of optical sensors are positioned
along at least one edge of the touch area and the first and second plurality of shadows are caused

by multiple true touch points;
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program code for triangulating the first plurality of shadows to determine a first set of
potential points and triangulating the second plurality of shadows to determine a second set of
potential points;

program code for determining potential point pairs comprising combinations of the first
set of potential points and the second set of potential points;

program code for calculating the distance between constituent potential points for each
potential point pair; and

program code for determining that a plurality of the potential point pairs having the

shortest distances between their constituent potential points are the true touch points.

19. A touch detection system for resolving multitouch scenarios, the system
comprising:
a touch area;
a first pair of optical sensors positioned along at least one edge of the touch area;
a second pair of optical sensors positioned along at least one edge of the touch area; and
a computing system interfaced with the first and second pairs of optical sensors, the
computer system configured to:
generating a first plurality of images of the touch area based on data signals
received from the first pair of area optical sensors and generating a second plurality of
images of the touch area based on data signals received from the second pair of optical
Sensors,
for each of the first plurality of images and the second plurality of images,

determining relative positions of touch objects used to effect multiple true touch points,
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triangulating the relative positions of the touch objects of the first plurality of
images to determine a first set of potential points and triangulating the relative positions
of the touch objects of the second plurality of images to determine a second set of
potential points,

determining potential point pairs comprising combinations of the first set of
potential points and the second set of potential points,

for each potential point pair, calculating the distance between its constituent
potential points, and

determining that a plurality of the potential point pairs having the shortest

distances between their constituent potential points are the true touch points.

20.  The touch detection system as in claim 19, wherein each optical sensor of the first
and second pair of optical sensors is housed in an assembly comprising at least one of the area

image cameras.

21.  The touch detection system as in claim 19, wherein the first pair of optical sensors
is separated by a first triangulation base line, and the second pair of optical sensors is separated
by a second triangulation base line; and

wherein each of the first triangulation base line and the second triangulation base line is

relatively long.

22.  The touch detection system as in claim 19, wherein the first pair of optical sensors

comprises a first area image camera and a second area image camera;
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wherein the second pair of area image cameras comprises a third area image camera and
a fourth area image camera; and

wherein the first area image camera and the third area image camera are positioned
adjacent to one another and the second areca image camera and the fourth area image camera are

positioned adjacent to one another.

23.  The touch detection system as in claim 22, wherein the first area image camera
and the third area image camera are positioned in a first corner of the touch area; and
wherein the second area image camera and the fourth area image camera are positioned

in a second corner of the touch area.

24.  The touch detection system as in claim 19, wherein the first plurality of images

and the second plurality of images comprise video images of the touch area.
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