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DISTINGUISHING VIBRATION SIGNALS FROM INTERFERENCE IN
VIBRATION SENSING TOUCH INPUT DEVICES

The present invention relates to touch input devices that utilize vibrations

propagating in a touch plate to determine information relating to the touch input.

Background

Touch input devices can provide convenient and intuitive ways to interact with
electronic systems including computers, mobile devices, point of sale and public
information kiosks, entertainment and gaming machines, and so forth. Various touch input
device technologies have been developed including capacitive, resistive, inductive,
projected capacitive, surface acoustic wave, infrared, force, and others. It is also possible
to form a touch input device from a touch plate provided with vibration sensors that detect
vibrations propagating in the touch plate due to a touch input and determine the touch

location from the detected vibrations.

Summary

The present invention provides a touch input device that includes a plurality of |
vibration sensors mechanically coupled to a touch plate and configured to generate
vibration signals in response to vibrations propagating in the touch plate due to a touch
input, and to communicate the vibration signals to controller electronics through
associated signal transmission channels. The vibration sensors and transmission channels
are oriented so that cross-correlating signals received on the transmission channels
distinguishes vibrations signal from signals caused by electromagnetic interference. In
some embodiments, a portion of the vibration sensors can be inverted relative to other
vibrations sensors. In some embodiments, the connections of a portion of the transmission
channels to their associated vibration sensors can be inverted relative to the other
transmission channel connections.

The present invention also provides a method for determining information related
to a touch input in a system that includes a plurality of vibration sensors coupled to a touch

plate for detecting vibrations in the touch plate due to the touch input and generating
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corresponding vibration signals that are communicated to controller electronics via signal
transmission channels associated with the vibration sensors. The method includes
inverting a phase response to vibration signals relative to signals caused by
electromagnetic interference in a portion of the transmission channels, and cross-
correlating signals received on the transmission channels to distinguish vibration signals
from electromagnetic interference.

The present invention furthex provides a method of making a vibration sensing
touch input device, including coupling a plurality of vibration sensors to a touch plate,
orienting the vibration sensors so that a portion of the vibration sensors are inverted with
respect to a feature of the touch plate relative to the other vibration sensors, electrically
connecting the vibration sensors to controller electronics through transmission channels
associated with each vibration sensor, the controller electronics being configured to cross-
correlate signals received on each transmission channel, and
providing for inverting signals communicated to the controller through the transmission

channels associated with the inverted vibration sensors.

Brief Description of the Drawing

The invention may be more completely understood in consideration of the
following detailed description of various embodiments of the invention in connection with
the accompanying drawings, in which:

FIG. 1 schematically illustrates a vibration sensing touch input device;

FIG. 2 schematically illustrates an embodiment of a vibration sensing touch input
device according to the present invention;

FIGs. 3(a) and (b) schematically illustrate the determination of an orientation axis
for different piezoelectric transducers useful in the present invention;

FIG. 4 schematically illustrates an embodiment of a vibration sensing touch input
device according to the present invention;

FIG. 5 illustrates a graph of a correlation function resulting from cross-correlation
of signals in a vibration sensing touch input device of the present invention; and

FIG. 6 illustrates a graph of a correlation function resulting from cross-correlation

of signals in a vibration sensing touch input device of the present invention.
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While the invention is amenable to various modifications and alternative forms,
specifics thereof have been shown by way of exam.ple in the drawings and will be

described in detail.

Detailed Descriiption

The present invention relates to vibration sensing touch input devices that utilize
vibration sensors, for example piezoelectric transducers, to detect vibrations propagating
in a touch plate, thereby generating signals that cara be used to determine information
related to the touch input, such as the touch location on the touch plate. The present
invention provides a method for orienting the vibration sensors and signal transmission
channels so that the signals derived from mechanical disturbances in the touch plate can be
distinguished from unwanted electromagnetic interference that might otherwise be
erroneously interpreted as a mechanical disturbance. The method can be suitably applied
when the controller electronics used to process the signals cross-correlates signals from
various pairs (or other multiples) of the vibration s ensors and looks at the positions of the
peaks in the corresponding correlation functions to determine touch position.

The invention overcomes the problem that, with signal transmission channels of
uniform phase response, sources of electromagneti c interference and sources of
mechanical disturbance may not be easily distinguished. The invention reduces the
likelihood of a vibration sensing touch input device mistaking a source of electromagnetic
interference for a source of mechanical vibrations ©n the panel by modifying the response
of the system so that electromagnetic interference can be distinguished from mechanical
disturbances. This allows the system to ignore or otherwise appropriately deal with any
interference signals.

A source of electromagnetic interference positioned close to a vibration sensing
touch input device may contribute unwanted noise into two or more signal channels. The
electronic noise can enter the measurement system. via the transmission wires connecting
the sensors to the controller’s circuit-board. This type of noise is strongly correlated,
meaning that systematic contributions to the correlation function that cross-correlates

signals from various pairs of vibration sensors can. be expected. The signals due to
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interference are therefore highly susceptible to being mistaken for valid signals from a
source of mechanical disturbance such as touch plate vibrations caused by a touch input.

There are several potential sources of electromagnetic interference. One is radiated
noise such as periodic signals generated by a switch mode DC-DC converter. This could
be either inside or outside an associated display device. Inside LCD displays, a DC-DC
converter is generally used to step up the voltage for powering a backlight. There may also
be other similar switching converters to change voltage levels in the electronics running
the display. Outside the display, similar converters may be used in other electronics placed
nearby, in which case noise may be radiated from the other electronics and picked up by
signal transmission channels. Electronics (including the display) that run off a DC voltage
are often powered by an AC to DC voltage converter that often contains a switching circuit
to give the required voltage level at hig}l efficiency, which may produce interference.

Digital signals, either from processing or communications and control usually
involve fast switching between voltage levels. These digital signals can radiate noise that
can be picked up. Such noise can originate from internal electronics of the display, from
video signals within or outside the display, from digital processing on the touchscreen
controller, from an external PC or other digital equipment, and so forth. A CRT uses
magnetic coils to direct the electron beam. The signals to these coils can vary quickly,
particularly the horizontal sweeping coil. Such coil has a sawtooth waveform applied to it
to gradually sweeps the electron beam across the face of the monitor and then bring it
sharply back to the start of the sweep. This creates a sharp change in current, which will
radiate noise that may be picked up. The plasmas created in a plasma screen generally
radiate electromagnetic noise that can be picked up.

Conducted noise is another type that can be picked up in touch input devices of the
present invention to cause interference. In addition to the noise sources discussed above,
conducted noise may be present on the ground or power connections to the touchscreen
controller. Such noise may be conducted into the signal channels down the electric tail
attached to the sensor, directly to an amplifier circuit associated writh a vibration sensor, or
farther down the signal channel (for example, in the controller. Efforts to minimize this

noise can be made, for example by smoothing or regulation of the power supply. However
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such conducted noise is still possible, and can be distinguished in accordance withx the
present invention.

Electrostatic discharge (ESD) onto a metal bezel can also create noise that is
picked up. In the case of a discharge, then both conducted and radiated noise will be
present. Conducted noise coupled through the ground connection would likely dominate
in the case of ESD, but that can depend on the precise configuration of the circuit. Even in
the situation of no actual discharge, such any high voltage producing event can give rise to
radiated noise pickup.

Distinguishing between signals derived from mechanical disturbances that may be
due to a touch and signals derived from correlated electromagnetic interference can be
achieved by arranging the vibration sensors on the touch plate so that the phase response to
vibrations of at least one vibration sensor is modified with respect to the others, but the
phase response of all transmission channels to electromagnetic interference is ideratical.
Alternatively, all the vibration sensors may have an identical phase response to measured
vibrations, but at least one signal transmission channel has a different phase respomse to
electromagnetic interference. More generally, the phase difference between the
mechanical response of the vibration sensors and the electrical response of the
corresponding transmission channel is non-uniform over the ensemble of channels that
communicate signals to the controller for cross-correlation.

Vibration sensors such as piezoelectric transducers often have a special axis that is
characteristic of the phase of the output of the sensor. The orientation of this axis with
respect to some geometrical feature of the touch plate (e.g., a corner, edge or face)
determines the phase relationship between the mechanical quantity being measured by the
sensor and the output of the sensor. For example, an inversion of the sensor axis produces
a corresponding inversion of the sensor output. In one embodiment, two or more
vibration-sensors are mounted on the panel with at least one sensor having a diffexent
orientation of its axis than that of another sensor. In another embodiment, two or anore
vibrations sensors are mounted on the panel with their axes orientated identically to some
geometrical feature of the panel, and the electrical connection configuration to at 1 east one
vibration sensor is different than that of another sensor so that the corresponding signal

transmission channels have different phase responses to vibrations.
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The configurations described can generate signals that allow the controller
electronics to distinguish unwanted sources of electromagnetic interference from sources
of mechanical disturbance that may be indicative of a touch input. Therefore, without
necessitating the elimination of electromagnetic interference signal contributions, the
present invention allows the processor electronics to recognize signals due to
electromagnetic interference and treat them accordingly. In some embodiments, the
signals recognized as due to electromagnetic interference can be ignored.

The present invention can be implemented using a vibration sensing touch input
device 100 schematically shown in FIG. 1. Vibration sensing touch input device 100
includes vibration sensors 120A-120D coupled to a touch plate 110, and controller
electronics 140 adapted to receive signals from the vibration sensors through signal lines
130A-130D. Vibrations sensors 120A-120D are adapted to detect vibrations propagating
in the touch plate, which may be caused by mechanical disturbances due to the contact or
frictional movement of a touch implement on the touch plate. The sensed vibrations are
converted into signals that can be digitized and cross-correlated so that the controller can
use them to determine the position of the touch input, for example as described in WO
01/48684 and WO 03/005292, both of which are wholly incorporated into this document.

For illustrative purposes, FIG. 1 shows four vibration sensors, one in each corner of
a rectangular touch plate, although fewer or more vibration sensors can be used, and they
can be placed in various different arrangements. When the touch plate is intended for use
over a display so that the display is viewable through the touch plate, placement of the
vibration sensors out of the field of view may be desired, for example near the corners or
edges of the touch plate. Because the detected vibrations generally include bulk vibrations
(not confined to the touch plate surface), the vibration sensors can be mounted either on
the top (touch) surface of the touch plate, or on the rear surface of the touch plate.

The vibration sensors can be any sensor capable of detecting vibrations propagating
in the touch plate. Piezoelectric materials may provide exemplary vibrations sensors. The
vibration sensors 120A-120D can be bonded to touch plate 110 by any suitable means, for
example using an adhesive, solder, or other suitable material, so long as the mechanical
coupling achieved is sufficient for vibrations propagating in the touch plate can be

detected by the vibration sensors. Exemplary vibration sensors and vibration sensor
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arrangement are disclosed in co-assigned U.S. Patent Applications USSN 10/440,650 and
USSN 10/739,471.

The touch plate 110 can be any material capable of supporting the vibrations to be
sensed. Preferably, touch plate 110 is a rigid plate, and can be any suitable material such
as glass, plastic (polyacrylate, polycarbonate, etc.), wood, cardboard, metal, or the like.
The touch plate can be transmissive of visible light or not depending on the application.
At least some degree of transmission of visible light is desirable when a displayed image is
meant to be viewed through the touch sensor. The touch plate can also incorporate static
graphics (permanent or removable, laminated or otherwise attached, or held in close
proximity, and positioned either above or below the touch plate), whether or not the touch
sensor is used in conjunction with a display viewable through the touch plate. The touch
plate can also be configured to have an image projected onto it. The touch plate can also
incorporate a roughened front surface that can assist in creating detectable vibrations as a
user drags a finger or other touch implement across the surface. A roughened surface can
also provide glare reduction.

According to the present invention, a vibration-sensing touch input device can be
constructed so that the response to signals derived from touch plate vibrations can be
distinguished from the response to signals derived from electromagnetic interference. FIG.
2 schematically illustrates one embodiment. Touch input system 200 includes a vibration-
sensing touch sensor 205 and a controller 240. The touch sensor 205 includes a touch
plate 210 and four vibration sensors 220A-220D. Each vibration sensor is connected to a
signal line 230A-230D and a ground line 231A-231D that connects to an internal ground
250 in the controller 240. The signal lines and ground lines can be wires or printed traces,
can be connected (for example through a tail attached to the touch plate, not shown) to a
cable (not shown) that communicates the signals to the controller. The signal from each
transducer may be amplified by circuits located nearby on the plate (not shown). Each
signal line 230A-230D is routed to a corresponding analog to digital converter (ADC)
260A-260D in the controller 240. The digitized signals are then used as inputs in a cross-
correlation processor 280 whose outputs are various correlation functions 290, which
represent cross-correlations among the various pair-wise combinations of digitized signals,

denoted A-B, A-C, A-D, B-C, B-D and C-D.
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In touch system 200, each transducer 220A-220D is shown to have an axis of
orientation 227A-227D. The orientation axis of each transducer determines the detected
phase of the measured plate vibrations. As shown, the axes of all the transducers are
orientated at 45° to both edges meeting at the respective corner of the touch plate 210. For
two of the transducers, transducer 220A and transducer 220D, the axes 227A and 227D
point towards the main body of the touch plate 210. For the other two transducers,
transducer 220B and transducer 220C, the axes 227B and 227C point away from the main
body of the touch plate 210. The phase response to vibrations is therefore inverted in
transducers 220A and 220D with respect to transducers 220B and 220C. Other ways of
inverting the phase response of one transducer versus another include mounting one
transducer on the top surface of the touch plate and another transducer on the bottom
surface of the touch plate, as well as those illustrated by FIGs. 3(a) and 3(b) and discussed
below. Inside the controller 240, the transmission channels associated with transducers
220B and 220C are phase-inverted using inverters 270 (which can be accomplished
through hardware or firmware) so that all transmission channels again become uniform in
their response to vibrations and become non-uniform in their response to electromagnetic
interference. It should be noted that in the illustrated arrangement, either the transmission
channels associated with transducers 220B and 220C or the transmission channels
associated with transducers 220A and 220D can be inverted.

When a transducer is oppositely oriented relative to other transducers, using an
inverter in its signal transmission channel reverses the effects of the opposite orientation so
that the method of determining the touch position from peaks in the correlation function
remain unchanged. Electromagnetic interference is not sensitive to transducer orientation,
however, so that the phase of the electromagnetic interference is the same on all
transmission channels. The inverter therefore causes the electromagnetic signal to be
inverted relative to non-inverted transmission channels while reversing the inversion of
vibration signals that was imposed by the transducer orientation. As such, the mechanical
signals detected on the touch plate are processed as if unchanged, whereas any
electromagnetic interference that is picked up is changed to opposite sign. In the
correlation function, all the mechanical signals will thus give positive peaks (due to the

signals having the same sign given the inverter in combination with the reversed poling),
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whereas the peaks in the correlation function due signals derived from electromagnetic
interference will produce a different situation. When comparing an inverted channel with
a non-inverted channel, the result is a negative peak. When there are four channels, two of
which are inverted, this results in four cross-correlations that will result in negative peaks.
So by looking at one or more of these four combinations, a positive peak signifies a
vibration signal and a negative peak signifies interference that can be ignored.

The axis of the characteristic phase response of a vibration sensor such as a
piezoelectric transducer is defined by the poling of the piezoelectric material in the
transducer and the arrangement of the electrodes on the sensor. In an exemplary
embodiment, the transducers has a serial poling arrangement as schematically shown in
FIG. 3(a) and as described in co-assigned USSN 10/739,471, identified above, whereby the
vibration sensor 320A includes a piezoelectric material 321A having a first region
exhibiting a first poling direction 325A pointing from bottom to top and second, adjacent
region exhibiting a second poling direction 326A pointing from top to bottom. A first
contact electrode 322A connects to the first region on the bottom surface, a second contact
electrode 324 A connects to the second region on the bottom surface, and a common
electrode 323A connects the first and second regions together on the top surface. The
phase response axis 327A is determined by the direction of voltage response upon
stressing the sensor, which in this case points from left to right in FIG. 3(a). For this type
of vibration sensor, when it is mounted in the corner of the touch plate, the phase response
axis is preferably orientated parallel to the plane of the touch plate and at 45° to each of the
touch plate edges that meet at the corner. The axis may then be directed to point either
towards the body of the substrate or towards the corner of the substrate, for example as
indicated for the vibration sensors 220A-220D in FIG. 2.

In another embodiment, a more conventional piezoelectric transducer can be used,
such as a so-called “unimorph” device. FIG. 3(b) schematically illustrates such a device
320B that includes a piezoelectric material 321B uniformly poled in a single direction
325B. A first contact electrode 322B is disposed on the bottom of the device 320B, and a
second contact electrode 324B is disposed on the top of the device. The phase response
axis 327B points in the same direction as the uniform poling direction 325B. This type of

sensor is preferably mounted so that the phase response axis is perpendicular to the plane
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of the touch plate. The sensor may be oriented so that the axis is directed either towards
the touch plate or away from the touch plate. For example, in FIG. 2, vibration sensors
220A and 220D could be oriented with their phase response axes pointing up, away from
the touch plate, and vibration sensors 220B and 220C could be oriented with their phase
response axes pointing down, toward the touch plate.

FIG. 4 schematically illustrates another embodiment of a vibration-sensing touch
input system 400 where the response to signals derived from touch plate vibrations can be
distinguished from the response to signals derived from electromagnetic interference.
Touch input system 400 includes a vibration-sensing touch sensor 405 and a controller
440. The touch sensor 405 includes a touch plate 410 and four vibration sensors 420A-
420D. Each vibration sensor is connected to a signal line 430A-430D and a ground line
431A-431D that connects to an internal ground 450 in the controller 440. Each signal line
430A-430D is routed to a corresponding ADC 460A-460D in the controller 440. The
digitized signals are then used as inputs in a cross-correlation processor 480 whose outputs
are various correlation functions 490, which represent cross-correlations among the
various pair-wise combinations of digitized signals, denoted A-B, A-C, A-D, B-C, B-D
and C-D.

In touch system 400, each transducer 420A-420D is shown to have an axis of
orientation 427A-427D. As shown, the axes of all the transducers are oriented at 45° to
both edges meeting at the respective corner of the touch plate 410, and are all pointing
toward the main body of the touch plate 410. The signal lines 430B and 430C are reversed
relative to signal lines 430A and 430D. Therefore, inside the controller 440, the signals
received from transducers 420B and 420C have phase responses to vibrations that are
opposite to those of the signals received from transducers 420A and 420D. Inside the
controller 440, the transmission channels associated with transducers 420B and 420C are
phase-inverted using inverters 470 so that all transmission channels again become uniform
in their response to vibrations and become non-uniform in their response to
electromagnetic interference. The result is a cross-correlation phase response to
electromagnetic interference that is inverted relative to the cross-correlation phase
response due to signals derived from mechanical vibrations in the touch plate in a manner

that is analogous to modified response provided in system 200 shown in FIG. 2. It should
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be noted that in the illustrated arrangement, either the transmission channels associated
with transducers 420B and 420C or the transmission channels associated with transducers
420A and 420D can be inverted.

In the arrangement shown in FIGs. 2 and 4, a source of electromagnetic
interference may behave like a voltage source capacitively coupled to the signal wires.
The contribution of the noise source to the digitized signals would be expected to be of
uniform phase on all four channels. From the four transducers, for example 220A, 220B,
220C and 220D in FIG. 2, six cross-correlation functions can be calculated (A-B, A-C, A-
D, B-C, B-D and C-D). In FIG. 2, four of these correlation functions derive from pairs of
oppositely oriented transducers, namely A-B, A-C, B-D and C-D, and the remaining two
correlation functions derive from pairs of identically orientated transducers, namely A-D
and B-C. In FIG. 4, the A-B, A-C, B-D and C-D correlation functions derive from pairs of
oppositely oriented signal lines due to the signal inversion in channels B and C, whereas
the A-D and B-C correlation function derive from pairs of identically oriented signal lines.
In normal operation, the processor examines the correlation functions for positive peaks.
The position of these peaks may reveal the position of a source of mechanical vibrations.

The cross-correlation peaks are generated from data sets, collected by the analog to
digital converters (260A-260D in FIG. 2 and 460A-460D in FIG. 4), the data sets being
inverted where necessary (as shown in FIGs. 2 and 4). For each channel associated with a
vibration sensor, an array of N consecutive data samples, denoted wy for an arbitrary
channel X, is gathered simultaneously and, where necessary, inverted. In the systems
shown in FIGs. 2 and 4, the inversion is applied to the data associated with the B and C
channels, denoted wg and we. The conventional cross correlation function Gyy may then
be obtained by the following steps.

1) Perform a Fourier transform on two data arrays, wyand wy to arrive at W x
and Wy as indicated by the equations below. The data may first be “padded” with zeros to
avoid wrap-around effects (see Chapter 13.1, Numerial Recipes in C by Press et al.,

Second Edition 1997, Cambridge University Press).

)= 3wk 22
4 0)= S e 22 |



10

15

20

25

30

WO 2006/039031 PCT/US2005/030867

2) Combine the two Fourier transformed data sets:

3) Inverse Fourier transform the result to obtain the cross-correlation function:

A dispersion-correction may optionally be applied to GXY before step 3 that

trans forms the data from the “frequency domain” to the “wavevector domain” as disclosed
in WO 03/005292.

FIG. 5 shows an example of a graph of a correlation function 500 derived from
signals generated in a touch system like that shown in FIGs. 2 or 4 that includes oppositely
oriented transducers and/or inverted signal channels. The correlation function may be
corrected for the effects of dispersive propagation of bending wave signals, for example as
described in WO 03/005292. In the presence of a source of electromagnetic interference,
the signals produce a correlation function as shown in graph 500 that exhibits a strong,
central, negative peak 510. A source of mechanical vibrations would have registered a
positive peak in a touch system like system 200 in FIG. 2 or system 400 in FIG. 4. As
such, the peak 510 indicates that the signals were due to electromagnetic interference and
not a touch input, and the data can be ignored.

Surrounding the central, negative peak in FIG. 5 are two positive peaks. It is
preferable that the controller does not interpret these positive peaks as sources of
mechanical vibrations. To this end, the controller may be programmed to ignore any
positive peak whose magnitude is less than that of the central value of the correlation
function. Alternatively or additionally, the positive peak positions in three or more
correlation functions may be analyzed for consistency with a single hypothetical location
on thie panel. In general, the positions of positive peaks due to interference will not be
consistent with a single hypothetical location.

FIG. 6 shows a graph of a correlation function 600 derived from signals generated

in a touch system that includes identically oriented transducers and no transmission
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channel inversion. The graph 600 shows a strong, central, positive peak 610. In the
presence of a source of electromagnetic interference, the correlation function would show
a strong positive peak, and a source of mechanical vibrations would also register a positive
peak in this system. It is therefore not apparent from this correlation function whether the
peak is present due to interference or mechanical vibrations.

In systems of the present invention, the controller may be programmed to infer the
presence of electromagnetic interference by identifying large negative values in the
correlation functions. The controller may be programmed to subsequently apply signal
processing methods to reduce the contribution of electromagnetic interference. Such
methods may include adaptive noise cancellation, finite impulse response (FIR) or infinite
impulse response (IIR) digital filtering of the input signals (FIR and IIR are known digital
signal processing techniques and described in the text Numerical Recipes in C, which is
referenced above), and normalization of the amplitudes of data in the Fourier domain.

The present invention should not be considered limited to the particular examples
described above, but rather should be understood to cover all aspects of the invention as
fairly set out in the attached claims. Various modifications, equivalent processes, as well
as numerous structures to which the present invention may be applicable will be readily
apparent to those of skill in the art to which the present invention is directed upon review

of the instant specification.
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What is claimed is:

1. Atouch input device comprising:

a plurality of vibration sensors mechanically coupled to a touch plate and
configured to generate vibration signals in response to vibrations propagating in the touch
plate due to a touch input, and to communicate the vibration signals to controller
electronics through associated signal transmission channels,

wherein the vibration sensors and transmission channels are oriented so that
cross-correlating signals received on the transmission channels distinguishes vibrations

signal from signals caused by electromagnetic interference.

2. The touch input device of claim 1, wherein the controller electronics are

configured to determine touch input location from the vibration signals.

3. The touch input device of claim 1, wherein the vibration sensors are

piezoelectric transducers.

4, The touch input device of claim 1, wherein each vibration sensor has an
orientation direction, and one or more of the vibration sensors are positioned with
orientation directions inverted with respect to a feature of the touch plate and relative to

the orientation directions of the other vibration sensors.

5. The touch input device of claim 4, wherein the signal transmission channels
associated with the omne or more vibration sensors positioned with inverted orientation

directions include a signal inverter.
6. The touch input device of claim 1, wherein one or more of the signal

transmission lines are inverted with respect to a connection with their associated vibrations

sensors and relative to the orientations of the other signal transmission lines.
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7. The touch input device of claim 6, wherein the inverted signal transmission

lines further include a signal inverter.

8. The touch input device of claim 1, wherein the vibration sensors are four
rectangular piezoelectric transducers having orientation directions pointing in a plane
parallel to the touch plate, the touch plate being rectangular, each piezoelectric transducer
located in a different corner of the touch plate, two of the piezoelectric transducers having
orientation directions pointing toward the center of the touch plate and the other two
piezoelectric transducers having orientation directions pointing away from the center of the

touch plate.

9. The touch input device of claim 1, wherein the vibration sensors are
piezoelectric transducers having orientation directions pointing in a direction
perpendicular to the touch plate, at least one of the piezoelectric transducers having an
orientation direction pointing toward the touch plate and the other piezoelectric

transducers having orientation directions pointing away from the touch plate.

10. The touch input device of claim 1, wherein the vibration sensors are
piezoelectric transducers positioned with the same orientation relative to a feature of the
touch plate, at least one of the piezoelectric transducers coupled to one side of the touch

plate and the other piezoelectric transducers coupled to the other side of the touch plate.

11. A method for determining information related to a touch input in a system
that includes a plurality of vibration sensors coupled to a touch plate for detecting
vibrations in the touch plate due to the touch input and generating corresponding vibration
signals that are communicated to controller electronics via signal transmission channels
associated with the vibration sensors, the method comprising:

inverting a phase response to vibration signals relative to signals caused by
electromagnetic interference in a portion of the transmission channels; and
cross-correlating signals received on the transmission channels to

distinguish vibration signals from electromagnetic interference.
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12. The method of claim 11, wherein the step of inverting a phase response
comprises orienting a portion of the vibration sensors to have an inverted response to
vibrations as compared to the other vibration sensors, and phase inverting the signals
communicated to the controller electronics via the signal transmission channels associated

with the vibration sensors oriented to have the inverted response.

13.  The method of claim 11, wherein the step of inverting a phase response
comprises inverting a connection of a portion of the signal transmission channels at their
associated vibration sensors relative to the other signal transmission channels, and
inverting the signals communicated to the controller electronics via the inverted signal

transmission channels.

14. A method of making a vibration sensing touch input device comprising:

coupling a plurality of vibration sensors to a touch plate;

orienting the vibration sensors so that a portion of the vibration sensors are
inverted with respect to a feature of the touch plate relative to the other vibration sensors;

electrically connecting the vibration sensors to controller electronics
through transmission channels associated with each vibration sensor, the controller
electronics configured to cross-correlate signals received on each transmission channel;
and

providing for inverting signals communicated to the controller through the

transmission channels associated with the inverted vibration sensors.

16



WO 2006/039031 PCT/US2005/030867

1/4
120é;§§TL—, 1%08 1308
[O)
140
110 ,
/\/ //fo
120D ( 130C
130D~ 420G
Fig. 1
320A
f
327A~ N
323A~,
1 —301A
325Af~1\\\
N N
-/ | L
322A aopA T 324A
Fig. 3a
320B
f—
3248
/i N\MJ?@"B
327B f/ !
3008 325B



WO 2006/039031

231A 227A

220A
/

2/4

210

PCT/US2005/030867

200
/—
220D

227D ]

231D

230A

2278

S

)

220B

230B 031B
Z

230D —

1

205

Yy A

y B

y C

y D

cross-correlation processing

280

N

AB AC AD

B-C

Fig. 2

B-D

ch=<"

290

250 )

240




WO 2006/039031 PCT/US2005/030867

3/4
400
420D
4zta_sz7A O S 4270 *1° 431D
\ & / 5 )
430A 4300—}1
4278 427C
(&4208 4200\%
431C
918 4p - *Caa0c

460A| 460B 460C | 460D .

Y \Y Y Yy -
AD AD AD AD
y 470
invenJ\invert

vyA yB yC «yD
cross-correlation processing |—480

Ll e

A-B A-C A-D B-C B-D C-D

Fig. 4

405

440




WO 2006/039031 PCT/US2005/030867

4/4

k510

time

Fig. 5

time

Fig. 6



	Abstract
	Bibliographic
	Description
	Claims
	Drawings

