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MULTIPLE-INPUT TOUCH PANEL AND METHOD FOR GESTURE
RECOGNITION

Field of the Invention

[0001] The invention relates generally to a touch system and a method therefor, and,
more particularly, to at least one gesture recognition method and multiple-input touch system
incorporating the same.

Backeground of the Invention

[0002] With recent advances in image display technology, touch screens, used to input
data by direct contact, have gained ground as display apparatuses, are becoming increasingly
common in various electronic products, such as small handheld device, current generation
smart phones and the like. However, if a multi-touch is generated by two or more
substantially simultaneous contact points, the touch panel might malfunction or any one of
the touches might be misinterpreted by the related software as an individual input, rather than
part of a multi-touch gesture. In order to overcome the limits of multi-touch recognition in
the touch panel of the related art, a multi-touch recognition device has recently been
developed which simultaneously recognizes a plurality of touches.

[0003] One of common techniques employed in conventional gesture recognition devices
for recognizing input gesture signals require two or more optical units to perform gesture
recognition, wherein each of the optical units consists of a light emitting part and a light
receiving part.

[0004] For example, U.S. Pat. No. 7,411,575 discloses a gesture recognition method
comprising the steps of: displaying an image on a touch surface; capturing images looking
generally across said touch surface; processing the captured images to detect pointer contacts

on said touch surface and examining said pointer contacts to recognize different successive
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pointer contacts representing a gesture based on the relative positions of said pointer contacts;
and when different successive pointer contacts representing a gesture occur, updating the
displayed image in accordance with said gesture. For implementing the method, four
cameras are required for multiple touch point detection.

[0005] Another example is a display device disclosed in US Patent Publication. No.
2008/0143690, entitled "Display device having multi-touch recognizing function and driving
method thereof.” It discloses a display device having a multi-touch recognition function,
comprising: an integration module having a plurality of cameras integrated at an edge of a
display panel; a look-up-table of a plurality of compensation angles in a range of about 0 to
about 90 degrees, corresponding to each of the plurality of cameras; and a processor that
detects a touch area using at least first and second images captured by the plurality of
cameras, respectively, and compensates the detected touch area with one of the plurality of
compensation angles. Four cameras are still required for multiple touch point detection.
[0006] Yet another example, US Appl. No. 12/071263, proposes a system for
distinguishing multiple touch points, comprising: a panel, N touch points being indicated on
the panel, N being a positive integer larger than one; a first image capturing unit, disposed on
a first position at an outer edge of the panel, for capturing a first image related to the N touch
points; a second image capturing unit, disposed on a second position, which is opposite to the
first position, at the outer edge of the panel, for capturing a second image related to the N
touch points; at least one third image capturing unit, disposed at the outer edge of the panel
and between the first image capturing unit and the second image capturing unit, for capturing
a third image related to the N touch points; and a processing unit for calculating N sets of
coordinates corresponding to the N touch points according to the first image and the second

image and for determining one set of real coordinates corresponding to the N touch points
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from the N sets of coordinates according to the at least one third image. In this method, three
image capture units are arranged for multiple touch point detection.

[0007] All gesture recognition systems in the prior art require at least two optical units or
cameras to perform gesture recognition. The purpose of the invention is to introduce a
method to recognize gestures on an optical touch panel with only one optical unit and
improve the accuracy of the calculated touch points’ locations so as to improve the reliability
of the touch panel.

Summary of the Invention

[0008] In view of the above, a multiple-input touch panel is provided which is capable of
recognizing at least one gesture with only one optical unit, thereby reducing the
manufacturing cost of the multiple-input touch panel. In addition, the accuracy of the
calculated position of the touch points is improved, so as to enhance the reliability of the
touch panel.

[0009] In one embodiment, a touch panel capable of recognizing at least one gesture is
provided. The touch panel comprises: a first optical unit, comprising a first light emitting
element and a first light receiving element, arranged at a first position, for example, a first
corner, of the touch panel; a first optical element arranged along a first edge of the touch
panel for reflecting light; a second and a third optical element arranged along a second and a
third edge of the touch panel, respectively, for retro-reflecting the light, the second edge
being adjacent to both the third edge and the first edge; and a processing unit for recognizing
the gesture according to changes to distance and slope of possible touch points.

[0010] In another embodiment, a method for recognizing at least one gesture on a touch
panel with a first optical unit is provided. The method comprises: obtaining a plurality of
possible touch points according to intensities of light detected from a first optical element and

retro-reflected by a second or a third optical element; selecting one pair of touch points from
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the possible touch points; locating new positions of the selected pair of touch points by
finding the most adjacent points thereof; and recognizing the gesture according to changes to
distance and slope between the pair of touch points and the new positions of the selected pair
of touch points.

[0011] In another aspect, a method of calculating misalignment of an optical element of a
touch panel is provided, wherein the touch panel comprising a first, a second, a third and a
fourth edge, the optical element being positioned at the first edge. The method comprises:
touching a first point at the first edge with a predetermined distance from the fourth edge
adjacent to the first and the third edges and deriving a first angle between the third edge and a
path connecting the first optical unit emitting light and the first point; touching a second point
at the third edge with a distance twice the predetermined distance from the fourth edge, and
deriving a second angle between the third edge and the path between the optical unit emitting
light and a point at the optical element reflecting the light; and determining an angle of
misalignment of the optical element by a difference between the first and second angles.

In the method for recognizing at least one gesture on a touch panel, it is not necessary to
determine the precise position of the touch points, thereby eliminating the need for more than
one detector. As a result, the necessary calculation effort and manufacturing cost is reduced.
[0012] These and other features, aspects, and embodiments are described below in the
section entitled “Detailed Description of the Invention.”

Brief Description of the Drawines

[0013] Features, aspects, and embodiments are described in conjunction with the attached
drawings, in which:
[0014] Fig. 1A is a schematic diagram showing the touch panel according to an

embodiment of the subject invention;
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[0015] Fig. 1B shows the touch signals representing the intensity of light detected by the
receiving element in the case depicted in Fig. 1A;

[0016] Fig. 2A shows another case on the touch panel when two touch points occur;
[0017] Fig. 2B shows the touch signals while the case depicted in Fig. 2A happens;
[0018] Fig. 3A shows another case on the touch panel when two touch points occur;
[0019] Fig. 3B shows the touch signals while the case depicted in Fig. 3A happens;
[0020] Fig. 4A shows another case when two touch points occur;

[0021] Fig. 4B shows the touch signals while the case depicted in Fig. 4A happens;
[0022] Figs. 5 and 6 illustrate the algorism of selecting one pair of touch points among
the possible touch points under two different conditions;

[0023] Fig. 7 illustrates a flow chart of the method for recognizing at least one gesture
according to an embodiment of the subject invention;

[0024] Fig. 8A illustrates another embodiment of the structure of a touch panel;

[0025] Fig. 8B illustrates the cross section view of an optical element;

[0026] Fig. 8C shows the touch signals representing the intensity of light detected in the
case depicted in Fig. 8A;

[0027] Figs. 9A and 9B illustrate another embodiment with two optical units to detect one
or more gesture;

[0028] Figs. 9C and 9D show the detected touch signals detected by the optical units
respectively;

[0029] Fig. 10 illustrates a diagram of the touch panel with misaligned optical element;
[0030] Fig. 11 shows calculation of misalignment of the optical element; and

[0031] Fig. 12 illustrates the flow chart of the method of calculating misalignment of an

optical element.
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Detailed Description of the Invention

[0032] Fig. 1A is a schematic diagram showing the structure of a touch panel 1 according
to an embodiment of the subject invention. The touch panel 1 comprises an optical unit 2,
optical elements 4, 6 and 8 and a processing unit (not shown). The processing unit may be an
individual device or integrated in the optical unit 2. The optical unit 2 comprises a light
emitting element and a light receiving element, and is arranged at a position of the touch
panel. The optical element 4 comprises a mirror, and is arranged along a first edge of the
touch panel for reflecting light. The optical elements 6 and 8 comprise retro-reflectors, and
are arranged along a second and a third edge of the touch panel 1, respectively. The second
edge where the optical element 6 is arranged adjacent to both of the third edge and the first
edge where the optical elements 8 and 4 are arranged, respectively. The light emitting
clement is utilized to emit light at different angles. The light receiving element is utilized to
receive light coming from different angles, and further generates touch signals on the basis of
the intensities of the light coming from different angles. The processing unit is utilized to
recognize the gesture according to changes to distance and slope of two touch points, which
are determined according to the touch signals.

[0033] Please refer to Figs. 1A and 1B. Fig. 1A also shows one case when two touch
points occur. Fig. 1B shows the touch signals representing the intensity of light detected by
the receiving element in the case depicted in Fig. 1A. When a pointing instrument, such as a
pen, a fingertip, or a specific device, touches the touch panel 1, the light emitted to the touch
point is blocked. That is to say, the intensity of the light on the direction indicating the touch
point is reduced. Thus, the direction indicating the touch point can be detected by the light
receiving element of the optical unit 2. For example, if the light L, is blocked by a touch
point 20 as shown in Fig. 1A, the receiving element detects a signal S, representing that the

intensity of detected light is lower than a threshold Vi, in Fig. 1B. Therefore, one touch
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point (e.g. 20) can be defined by an intersection of paths of the light L; and My with intensity
lower than the threshold Vip;.

[0034] When two touch points 20 and 22 occur on the touch panel 1, six possible touch
points 20, 22, 24, 26, 28 and 30 arc generated. Each possible point is defined by an
intersection of any two paths among the paths of the light L, L, L3 and L4 emitted by the
light emitting element and the paths of the light M, Ms and My reflected by the optical
clement 4. In the case depicted in Fig. 1A, six possible touch points 20, 22, 24, 26, 28 and 30
can be divided into three pairs of possible touch points, wherein the first pair consists of
possible touch points 20 and 22, the second pair consists of possible touch points 24 and 26
and the third pair consists of possible touch points 28 and 30. The possible touch points of
cach pair are defined by intersections of a path of light emitted from the first light emitting
element and a path of light reflected from the first optical element 4. For example, in the first
pair of possible touch points 20 and 22, one possible touch point 20 is defined by an
intersection of paths of the light L, (corresponding to touch signal S;) and the light My
(corresponding to touch signal S,), and the other possible point 22 is defined by an
intersection of paths of the light L, (corresponding to touch signal S;) and the light M;
(corresponding to touch signal S;). When determining a pair of possible touch points, each
touch signal should be used. In the three pairs of possible touch points, one pair of possible
touch points would be chosen for gesture recognition. The algorism for selecting one pair of
possible touch points for gesture recognition will be explained with Fig. 7.

[0035] Fig. 2A shows another case when two touch points occur. Fig. 2B shows the
touch signals while the case depicted in Fig. 2A happens. In Fig. 2A, when two touch points
20 and 22 occur on the touch panel 1, five possible touch points 20, 22, 24, 26 and 28 are
generated in the same manner as described above. The possible point 28 is a single point.

Therefore, there are only two pairs of possible touch points obtained by the touch signals.
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[0036] Fig. 3A shows another case on the touch panel when two touch points occur. Fig.
3B shows the detected touch signals while the case depicted in Fig. 3A happens. When two
touch points 22 and 24 occur on the touch panel 1, three possible touch points 20, 22 and 24
are generated. Three possible touch points 20, 22 and 24 can be grouped into three pairs of
possible touch points (i.e., 20 and 22; 20 and 24; 22 and 24).

[0037] Fig. 4A shows another case when two touch points occur. Fig. 4B shows the
detected touch signals while the case depicted in Fig. 4A happens. When two touch points 20
and 22 occur on the touch panel 1, only two touch points 20 and 22 are generated without any
ghost point. In this case, we can determine the location of the touch points clearly.

[0038] Fig. 7 is a flow chart of the method for recognizing at least one gesture according
to an embodiment of the subject invention. The algorism of selecting one pair of touch points
among the possible touch points is included in the method depicted in Fig. 7. The algorism
of selecting one pair of touch points includes two ways as depicted in Figs. 5 and 6. In Fig. 5,
a single touch point P,' has been located at the time point T, prior to two touch points
occurring. In Fig. 6, no touch point is located at the time point T; prior to two touch points
occurring.

[0039] The method in Fig. 7 for recognizing at least one gesture is explained here with
reference to Fig. 5. The method starts when more than two touch signals are detected at the
time point T, (step 702). In the condition of Fig. 5, there is one touch point P,' detected at the
time point T, (determined by step 704). Then, a plurality of possible touch points are
obtained according to the number of detected touch signals, and a touch point P; in the
possible touch points nearest to the single touch point P;' is located. Accordingly, the pair of
possible touch points P, and P, is selected as the one pair of touch points (step 708). After
the pair of possible touch points P, and P, are selected, a first distance d; between the touch

points P; and P, and a first slope tan(8;) of a line connecting the touch points P, and P, are
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calculated and recorded (step 710). When more than two touch signals are detected at the
time point T3 (determined by step 712), a plurality of pairs of possible touch points are
obtained according to the touch signals, and the pair of possible touch points P," and P;"
nearest to the touch points P; and P, is selected (step 714). Then, a second distance d,
between the positions of the touch points P;" and P," and a second slope tan(6,) of a line
connecting the touch points P;" and P," are calculated and recorded (step 716). According to
changes to distance and slope between the touch points P and P, and the touch points P;" and
P,", the gesture, such as rotating clockwise, rotating counter clockwise, zoom in and zoom
out, can be recognized (step 718).

[0040] The method in Fig. 7 is further explained with reference to Fig. 6. In the
condition of Fig. 6, there is no touch point detected at the time point T; (step 704). After
obtaining the possible touch points, any pair of possible touch points can be selected as the
pair of touch points, such as P;; and Py, (step 706). A first distance d;; between the touch
points Py; and P, and a first slope tan(0;,) of a line connecting the touch points Py, and P,
are calculated and recorded (step 710). When more than two touch signals are detected at the
time point T3 (step 712), the new positions of the selected pair of possible touch points Py;"
and P,," nearest to the touch points P;; and Py, are selected (step 714). A second distance dy;
between the new positions of the touch points P;" and Py," and a second slope tan(0,,) of a
line connecting the new positions of the touch points Py," and P,," are calculated and
recorded (step 716). According to changes to distance and slope between the touch points
Py; and Py, and the touch points Py;" and P,,", the gesture, such as rotating clockwise,
rotating counter clockwise, zoom in and zoom out, can be recognized (step 718).

[0041] Fig. 8A illustrates another embodiment of the structure of a touch panel 1
comprising an optical unit 2, an optical element 10, optical elements 6 and 8, and a

processing unit (not shown), wherein the processing unit may be an individual device or
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integrated in the optical unit 2. The arrangements and functions of optical unit 2, the optical
elements 6 and 8 and the processing unit are the same as those depicted in Fig. 1A described
above. Fig. 8B shows the cross section view of optical element 10, which comprises two
layers of retro-reflector 32 sandwiching a layer of mirror 30. Therefore, a part of the light
incident to the optical element 10 is reflected by the mirror 30 and a part of the light incident
to the optical element 10 is retro-reflected by the retro-reflector 32. Please note that the
number of the retro-reflectors and the number of the mirrors are not limited to those of the
current embodiment. The optical element 10 is arranged along a first edge of the touch panel.
In Fig. 8A, when a light beam is emitted from the light emitting element of the optical unit 2
to the optical element 10, a part of the light beam is retro-reflected by the retro-reflectors 32
and backs to the optical unit 2, and a part of the light beam is reflected by the mirror 30 to the
optical element 8 and then retro-reflected by the optical element 8 back to the mirror 30 and
the optical unit 2.

[0042] Fig. 8C shows the touch signals representing the intensity of light detected by the
receiving element of the optical unit 2 under the case depicted in Fig. 8A. If the touch point
is on the path of light L;, L,, L; and L4, the intensity of the light detected is less than a first
threshold Vy,;. If the touch point is on the path of light M,, M3 and M, reflected by the
optical element 10, the intensity of the detected light is greater than the first threshold Vi
and less than a second threshold Vyy,, since a part of light incident to the retro-reflectors 32 is
retro-reflected to the optical unit 2. In Fig. 8C, the intensities of the signals S; and S, are less
than a first threshold Vy,;. That is to say, the touch points are located on the path of light L,
L,. Since the signal S; and S, are greater than the first threshold Vy,; and less than a second
threshold Vi, the touch points are located on the path of light M3 and My rather than L; and
Ls. Based on the arrangement of the optical element comprising the retro-reflectors and the

mirror, the number of paths of light for obtaining the possible touch points is reduced.
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Therefore, the number of possible touch points is also reduced. The method for recognizing
the gesture with the present embodiment is the same as that depicted in Fig. 7. Comparing
with the embodiment described in Fig. 1A, the present embodiment has the advantage of less
possible touch points and less calculation effort.

[0043] Figs. 9A and 9B illustrates another embodiment of the structure of a touch panel 1
comprising an optical unit 2, another optical unit 3, optical elements 4, 6, 7 and 8 and a
processing unit (not shown). The structure and function of the optical unit 3 are the same as
those of the optical unit 2, but arranged at a second position of the touch panel 1, wherein the
second position is adjacent to both the second and the third edges. The two optical units 2
and 3 can work sequentially to detect at least one gesture within the touch panel 1 based on
the similar processing method disclosed previously. That is to say, the processor can
determine more than one gesture presented on the touch panel 1 at the same time. Figs. 9C
and 9D show the detected touch signals detected by the optical units 2 and 3 respectively.
[0044] Fig. 10 illustrates a diagram of the touch panel with misaligned optical element 4.
If there is no misalignment of the optical element 4, the location of the touch point can be
defined by the following expressions:

Y, =2H xcot(8,)/[cot(8,) + cot(6,)]
X, =Y, xcot(8))

If there is misalignment of the optical element 4 with a rotation angle A@, the location of the

touch point can be defined by the following expressions:

Y, =2H xcot(6, + A8)/[cot(8,) + cot(6, + AH)]
X, =Y, xcot(6))

[0045] To calibrate the misalignment mentioned above, a calculation is made to find the
rotation angle A@. Fig. 11 shows calculating the misalignment of the optical element. Fig.
12 illustrates a flow chart of the method of calculating misalignment of an optical element.

The method comprises touching a first point P; at the first edge at a predetermined distance

11



10

15

20

25

WO 2012/103693 PCT/CN2011/075692

Xo from the fourth edge adjacent to the first and the third edges, and deriving a first angle &
between the third edge and a path of light emitted by the optical unit 2 and blocked by the
first point P, (step 1202); touching a second point P, at the third edge at a distance 2X, from
the fourth edge, and deriving a second angle 6' between the third edge and the path of
between the optical unit emitting the light and a point where the optical element reflects the

light (step 1204); and then an angle of misalignment of the first optical element 4 is

determined by a difference between the first and second angles Af = |9 - 0‘| (step 1206). The

method mentioned above for calculating misalignment is utilized for not only the optical
clement 4 but also the optical element 10.

[0046] Compared with conventional techniques which require three or more optical units,
the touch panel in the present invention can recognize at least one gesture of multiple touch
points with only one optical unit, and thus has the advantage of reducing manufacturing costs.
In the method for recognizing at least one gesture on a touch panel, it is not necessary to
determine the precise position of the touch points, resulting in only one detector being
required. As a result, the calculation effort and manufacturing cost is reduced. Furthermore,
the preferred touch panel embodiment is proposed to obtain the touch points with less
possible touch points by utilizing the optical element comprising at least one layer of retro-
reflector 32 and a layer of mirror 30. To avoid errors caused by misalignment of the optical
clement, methods for calibration are proposed. In view of the above, the invention not only
reduces cost but also improves the accuracy and reliability of the touch panel compared with
the prior art.

[0047] In a preferred embodiment, the optical elements 6 and 8 are retro-reflectors, and
the optical element 4 is a mirror. In another preferred embodiment, the optical elements 6
and 8 are retro-reflectors, and the optical element 10 comprises two retro-reflectors 32 and a

mirror 30. However, the arrangement of the optical elements in the present invention is not

12
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limited by the above preferred embodiments. In addition, persons having general knowledge
in the technical field can derive appropriate thresholds according to the arrangement of the
optical elements. The details of the embodiments mentioned above can be derived from the
disclosure of the specification of the subject application, and thus are omitted for the sake of
brevity.

[0048] While some embodiments have been described above, it will be understood that
the embodiments are examples only. Accordingly, the device and methods described herein
should not be limited to the specific embodiments, and should be interpreted on the basis of
the claims that follow in combination with the above description and the accompanying

drawings.
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Claims
What is claimed is:

1. A touch panel capable of recognizing at least one gesture, comprising

a first optical unit, comprising a first light emitting element and a first light receiving
element, arranged at a first position of the touch panel;

a first optical element arranged along a first edge of the touch panel for reflecting
light;

a second and a third optical element arranged along a second and a third edge of the
touch panel, respectively, for retro-reflecting the light, the second edge being adjacent to both
the third edge and the first edge; and

a processing unit for recognizing the at least one gesture according to changes to
distance and slope of possible touch points.

2. The touch panel of Claim 1, wherein the first optical element comprises a
mirror.

3. The touch panel of Claim 2, wherein the first optical element further
comprises a retro-reflector, wherein a part of the light incident to the first optical element is
reflected by the mirror and a part of the light incident to the first optical element is retro-
reflected by the retro-reflector.

4. The touch panel of Claim 1, further comprising

a second optical unit, comprising a second light emitting element and a second light
receiving element, arranged at a second position of the touch panel,

wherein the processing unit recognizes the at least one gesture according to the
changes to distance and slope of possible touch points detected sequentially by the first and
second optical units.

5. The touch panel of Claim 4, wherein the first position is adjacent to both the
third edge and a fourth edge of the touch panel, and the second position is adjacent to both
the second and the third edges.

6. The touch panel of Claim 1, wherein the processing unit further performs
calibration when a misalignment of the first optical element occurs.

7. A method for recognizing at least one gesture on a touch panel with a first
optical unit, the method comprising

obtaining a plurality of possible touch points according to intensities of light detected

from a first optical element and retro-reflected by a second or a third optical element;

14
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selecting one pair of touch points from the possible touch points;

locating new positions of the selected pair of touch points by finding the most
adjacent points thereof; and

recognizing the at least one gesture according to changes to distance and slope
between the pair of touch points and the new positions of the selected pair of touch points.

8. The method of Claim 7, further comprising

calculating and recording a first distance between the pair of touch points and a first
slope of a line connecting the pair of touch points; and

calculating and recording a second distance between the new positions of the pair of
touch points and a second slope of a line connecting the new positions of the pair of touch
points.

9. The method of Claim 7, wherein the step of selecting one pair of touch points
comprising

if a single touch point has been located, locating a touch point in possible touch points
nearest to the single touch point and selecting a pair of possible touch points including the
nearest touch point as the one pair of touch points; and

if no single touch point has been located, selecting any pair of possible touch points in
the possible touch points as the one pair of touch points.

10. The method of Claim 7, wherein the step of obtaining a plurality of possible
touch points comprising

generating a touch signal if intensity of light at a certain angle is less than a first
threshold; and

obtaining the possible touch points according to the intersection of paths of the light
generating two touch signals.

11. The method of Claim 7, wherein the step of obtaining a plurality of possible
touch points comprising

generating a touch signal representing that the light is directly blocked if intensity of
light at a certain angle is less than a first threshold;

generating a touch signal representing that the light is reflected and retro-reflected by
the first optical element if intensity of light at a certain angle is greater than the first threshold
and less than a second threshold; and

obtaining possible touch points according to the intersection of a path of light being
directly blocked and a path of light being reflected and retro-reflected by the first optical

element.
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12. The method of Claim 7, further comprising

activating a second optical unit work sequentially with a first optical unit to recognize
the at least one gesture.

13. A method of calculating misalignment of an optical element of a touch panel,
the touch panel comprising a first, a second, a third and a fourth edge, the optical element
being positioned at the first edge, the method comprising the steps of

touching a first point at the first edge at a predetermined distance from the fourth edge
adjacent to the first and the third edges and deriving a first angle between the third edge and a
path connecting the first optical unit emitting light and the first point;

touching a second point at the third edge at a distance twice the predetermined
distance from the fourth edge, and deriving a second angle between the third edge and the
path between the optical unit emitting light and a point at the optical element reflecting the
light; and

determining an angle of misalignment of the optical element by a difference between

the first and second angles.
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