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(57) ABSTRACT

The present invention provides a time-reversal-based impact-
localization and haptic-feedback method for touch panels.
Firstly, a plate model for an elastic plate and the impulse
responses thereof are constructed according a plate theory.
Next, a mathematical model is established according to the
impulse responses and a time-reversal approach. When an
impact force hits the elastic plate, the touched point on the
elastic plate generates a touch signal, and the touch signal is
received by at least a sensor at the corner of the elastic plate.
The touch signal is converted into a time-reversal signal
according to the mathematical model by a simulator. The
time-reversal signal is reversed to the touched point for simu-
lating reversal vibration waves of the time-reversal signal on
the elastic plate, and locating the touched point.

8 Claims, 8 Drawing Sheets

constructing a plate model of an elastic plate

A 4

calculating an impulse response of an arbitrary
point of the elastic plate

3

using a time-reversal approach to construct a
mathematic model

Y

locating the touched point
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1
TIME-REVERSAL-BASED
IMPACT-LOCALIZATION AND
HAPTIC-FEEDBACK METHOD FOR TOUCH
PANELS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates a technology for touch pan-
els, particularly to a time-reversal-based impact-localization
and haptic-feedback method for touch panels.

2. Description of the Related Art

Touch panels may be categorized into the resistive type, the
capacitive type, the sonic type, the optical type and the elec-
tromagnetic type. When a finger touches the sensor on a touch
panel, the sensor sends out an analog signal. A controller
converts the analog signal into a digital signal. The driver
program of the computer integrates the related components to
compile the digital signal. Then, the display card presents a
screen signal on the screen to indicate the touched position.

There is a simpler but more precise technology to locate a
touched position, called the TR (time-reversal signal process-
ing) method. Firstly, the sensor array records the signal of
each point (However, the signal may be affected by noise or
reflected signals.) Next, time-reversal mirrors reverse the sig-
nal previously recorded to make the waveform automatically
converge to the touched point. The TR method functions like
a phase-conjugate filter. The TR method provides a delta
function as the test signal and maximizes SNR (Signal Noise
Ratio). In the conventional TR technology, the touch panel
must be trained before it can trace back the touched position.
In training a touch panel, the impulse response of each point
must be recorded in the database. Further, when one intends
to change the resolution of a touch panel, he has to spend time
on measuring impulse responses and reconstructing the data-
base.

Accordingly, the present invention proposes a time-rever-
sal-based impact-localization and haptic-feedback method
for touch panels to overcome the abovementioned problems.
The principles and embodiments thereof are described in
detail below.

SUMMARY OF THE INVENTION

The primary objective of the present invention is to provide
a time-reversal-based impact-localization and haptic-feed-
back method for touch panels, which uses an elastic plate
theory and a time-reversal method to trace back the position
where an external force is applied, and which can fast modify
the resolution of touch panels without using any experiment.

Another objective of the present invention is to provide a
time-reversal-based impact-localization and haptic-feedback
method for touch panels, which utilizes a plate theory to
predict the impulse response of an elastic plate, neither spend-
ing time on experiments nor using massive memory.

To achieve the abovementioned objectives, the present
invention proposes a time-reversal-based impact-localization
and haptic-feedback method for touch panels, which com-
prises steps: constructing a plate model of an elastic plate
according to a plate theory; calculating the impulse response
ofan arbitrary point on the elastic plate; using a time-reversal
method to construct a mathematical model according to the
impulse responses; using sensors arranged on the corners of
the elastic plate to receive a touch signal generated by apply-
ing an external force on a point of the elastic plate; using a
simulator to convert the touch signal into a time-reversal
signal according to the mathematic model and retransmit the
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2

time-reversal signal back to the touched point to simulate the
waveform of backward propagation vibration on the elastic
plate and locate the touched point.

Below, the embodiments are described in detail to make
easily understood the objectives, technical contents, charac-
teristics and accomplishments of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1is a diagram schematically showing a bending wave
generated via applying an external force on an elastic plate;

FIG. 2 is a flowchart of a time-reversal-based impact-lo-
calization and haptic-feedback method according to the
present invention;

FIGS. 3A-3C are diagrams schematically showing the
waveforms respectively obtained via simulating the time-
reversal signals of different time points according to one
embodiment of the present invention; and

FIGS. 4A-4C are diagrams schematically showing the
waveforms respectively obtained via simulating the time-
reversal signals of different time points according to another
embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention proposes a time-reversal-based
impact-localization and haptic-feedback method for touch
panels. Refer to FIG. 1 for a bending wave generated via
applying an external force on an elastic plate 10 having uni-
form thickness. The elastic plate 10 is made of glass, acrylic
or a non-rigid material. At least one sensor 12 is arranged at a
corner of the elastic plate 10, receiving and virtually retrans-
mitting the bending wave signal to obtain the touched point.
The sensor 12 may be a piezoelectric sensor or a voice-coil
Sensor.

Refer to FIG. 2 for a flowchart of a time-reversal-based
impact-localization and haptic-feedback method according
to the present invention. Suppose that the elastic plate 10 has
athickness of'h and that h is shorter that the wavelength of the
bending wave. In Step S10, work out a transversal displace-
ment equation w(x, y t), i.e. a plate model describing the
vibration of the elastic plate 10 when force is applied to the
elastic plate 10, from Equation (1):

DV w+phi=d(D)8(xx0)8(y—yo) 1§y
wherein the non-homogeneous terms d(t)d(x-x,)0(y-y,) is
the unit impulse, p the density of the elastic plate 10, w the
transversal displacement, h the thickness of the elastic plate
10, and (x,,y,) the touched point, and
wherein D is the bending stiffness per unit length and
expressed by

EWP (@)

D=z ——
12(1-v?)

wherein E and v are respectively the Young’s modulus and
Poisson ratio of the elastic plate 10.

Suppose that the initial state of the transversal displace-
ment is expressed by

w(x,y,0)=1w(x,3,0)=0 (3)

wherein wy(X, y) denotes the initial position of the elastic
plate 10. Thus is worked out the transversal displacement
equation (the plate model) expressed by
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mrx . nmwy mnXxy (4)
—SL sin

mnubhp a .y b

PR
smT sin(€d,,, 1)

=1 n

wherein

and wherein a and b are respectively the length and width of
the elastic plate 10.

In Step S12, work out a plate model of the elastic plate 10
and the impulse response thereof according to the Kirchoff
plate theory. Next, in Step S14, use a time-reversal method to
construct a mathematical model (expressed by Equation (6))
to convert the touch signal received by the sensor into a
time-reversal signal, and retransmit the time-reversal signal
to the touched point to simulate a waveform of backward
propagation vibration. In Step S16, locate the touched point.
Steps S12-S16 are described in detail below.

The non-homogeneous terms in Equation (1) is the unit
impulse, and Equation (4) provides the solution for the
impulse response between the touched point (%, v,) and an
arbitrary point (X, y) at the elastic plate 10. Suppose that the
force applied to the elastic plate 10 is r,(t), 1I=1,2,...,L, L1is
the number of the sensor 12. Convolution is used to calculate
the impulse response d,(t) of the ith point and the transverse
displacement of an arbitrary response point 1 according to
Equations (5) and (6):

L 5
40 = ) walx, v, 0@ 1)

=1
wiX, y, 1) =

ii 4 mRX; | nAY; | MAX; | ARy «
—— sin—=sin—— sin——sin( Q!
o by sin sin 5 sin sin— sinl )

wherein ® is the linear time convolution, and i is the number
of the touchable points on the elastic plate 10. Equation (5) is
not the result of a single sensor 12 but the sum of the results of
all the sensors 12. rt) is regarded as a time-reversal signal
and spread out. The spreading is simulated in a simulator (not
shown in the drawings). The virtual time-reversal signal is
emitted from the sensor 12, and Equation (6) is used to simu-
late the feedback-induced vibration of the elastic plate 10.
The response point having the maximum transverse displace-
ment is worked out via calculation to determine the original
touched point 1, which is expressed by

S di(T), M

7 = acgmas{ mas[dy 0 . a1},

FIGS. 3A-3C schematically show the waveforms obtained
via simulating the time-reversal signals of different time
points. In the embodiment, the dimensions of the elastic plate
10 is 0.42 mx0.42 mx0.002 m, E=73 GPa, v=0.2, p=2250
kg/m?, and the touched point (0.21,0.21) is at the center of the
elastic plate 10. When the time-reversal signals are emitted,
the waveforms gradually spread toward the center from 0.5
ms to 1.5 ms. At the time point of 2.5 ms, the sum of the four

10

20

25

35

40

45

55

60

65

4

waveforms is concaved at the center. At the time point of 4.5
ms, a peak appears at the center, as shown in FIG. 3C. The
point having the maximum transverse displacement is the
original touched point. FIGS. 4A-4C schematically show
another group of waveforms obtained via simulating the time-
reversal signals of different time points. In this embodiment,
the touched point is (0.26, 0.26). At the time point of 4.5 ms,
there is a maximum transverse displacement appearing at the
original touched point. The simulation results show that the
present invention can use the time-reversal method to find out
a touched point even though the touched point is not at the
center.

In conclusion, the present invention proposes a time-rever-
sal-based impact-localization and haptic-feedback method
for touch panels, wherein theoretical impulse response is
derived from an elastic plate theory, and wherein the impulse
response is used to generate corresponding forward-propaga-
tion vibration to precisely locate the touched position accord-
ing to the time-reversal approach that outperforms in dealing
with broadband sources and reverberant environments.

The embodiments described above are only to exemplify
the present invention but not to limit the scope of the present
invention. Any equivalent modification or variation according
to the characteristics or spirit of the present invention is to be
also included within the scope of the present invention.

What is claimed is:
1. A time-reversal-based impact-localization and haptic-
feedback method for touch panels, comprising steps:

constructing a plate model of an elastic plate according a
plate theory, wherein said plate model is constructed
according to a plurality of material parameters of said
elastic plate, including thickness, unit impulse density
and bending stiffness, Young’s modulus, and a Poisson
ratio of said elastic plate;

calculating an impulse response d,(t) of an arbitrary point i
of said elastic plate in accordance with:

L

0= w000

i=1

wherein @ is the linear time convolution, i is the number
of the touchable points on the elastic plate, r,(t) is the
force applied to the elastic plate, wherein 1=1, 2, ..., L,
wherein L is the number of a sensor, and w,(x,y.t) is the
transfersal displacement of said arbitrary point i
described by said plate model d,(t);

using a time-reversal approach to construct a mathematic
model according to said impulse response;

using at least one sensor at a corner of said elastic plate to
receive atouch signal generated via applying an external
force to a touched point of said elastic plate; and

using a simulator to convert said touch signal into as thine-
reversal signal according to said time-reversal approach
and retransmit said time-reversal signal emitted by said
at least one sensor to said touched point to simulate a
waveform of backward-propagation vibration and posi-
tion said touched point, wherein said feedback-induced
vibration is simulated in accordance with

mnrx; | RAYy; | MAX; | ARy
sin sin—— sin—— sin——sin{,,1).
Qynabhp a b a b

e

wi(x, ¥, 1) =Z
m=1 n
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wherein p is the density of the elastic plate, w is the
transversal displacement, h is the thickness of the elastic
plate, (X, Vo) is the touched point, and wherein D is the
bending stiffness per unit length expressed by

ER

D=z ———
12(1 =2y’

wherein E and v are the Young’s modulus and Poisson
ratio of the elastic plate, respectively, and wherein

= 22 (2]

wherein a and b are the length and width of the elastic
plate, respectively.

2. The time-reversal-based impact-localization and haptic-
feedback method for touch panels according to claim 1,
wherein said plate model is an equation describing transverse
displacement of said elastic plate receiving external force.

3. A time-reversal-based impact-localization and haptic-
feedback method for touch panels according to claim 1,
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wherein a convolution operation is used to work out said
impulse response according to a count of said sensors and a
count of said touched points on said elastic plate.

4. The time-reversal-based impact-localization and haptic-
feedback method for touch panels according to claim 1,
wherein a position having a maximum transverse displace-
ment in said waveform of backward-propagation vibration is
said touched point.

5. The time-reversal-based impact-localization and haptic-
feedback method for touch panels according to claim 1,
wherein retransmitting said time-reversal signal to said
touched point generates a haptic feedback that induces said
waveform of backward-propagation vibration.

6. The time-reversal-based impact-localization and haptic-
feedback method for touch panels according to claim 1,
wherein said sensor is a piezoelectric sensor or a voice-coil
Sensor.

7. The time-reversal-based impact-localization and haptic-
feedback method for touch panels according to claim 1,
wherein said elastic plate is made of glass, iron, copper or
another material.

8. The time-reversal-based impact-localization and haptic-
feedback method for touch panels according to claim 1,
wherein said plate theory is the Kirchoff plate theory.
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