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POSITION DETERMINATION TECHNIQUES IN RESISTIVE TOUCH SCREEN
APPLICATIONS

Inventors:  Javier Calpe Maravilla
Italo Carlos Medina
Maria José Martinez
Alberto Carbajo Galve

RELATED APPLICATION

This application relates to co-pending U.S. patent application “System and Method
for Dual-Touch Gesture Classification,” App. No. 12/851,291, filed August 5, 2010.

BACKGROUND

A 4-wire resistive touch screen is an electronic device that registers when a physical
touch may occur on the screen. Generally, the structure of a 4-wire resistive touch screen is
well known. FIG. 1 illustrates a typical 4—wire resistive touch screen 100. The screen 100
may include a first plastic film layer (a Y layer) 110 with a transparent resistive coating on a
bottom side, a pair of Y+ and Y- electrodes 112 at the vertical edges of the first layer 110.
The screen 100 may further include a second plastic film layer (an X layer) 120 spaced apart
from the first layer 110 with a transparent, resistive coating on a top side and a pair of X+
and X- electrodes 122 at the horizontal edges of the second layer 120. The screen 100 may
also include an LCD screen 130 positioned below the two plastic film layers 110, 120 that
may display image content viewable through the two plastic film layers 110, 120.

During a touch operation, a user touches a point on the touch screen 100 which
causes the first layer 110 to deflect and make contact with the second layer 120.
Approximate X-Y Cartesian coordinates of the point of contact are then determined. In a
first phase, voltage is driven on the Y layer (say, layer 110) and a voltage is read from a
single electrode of the X layer (say, layer 120). In a second phase, a voltage is driven on
the X layer, and a voltage is read from a single electrode of the Y layer. A high impedance
input device is used to read voltages from the sensing layer in each phase, which minimizes
voltage losses in the sensing layer. Thus, voltages sensed at the electrodes of the sensing
layer represent the voltage at the point of contact between the two layers. For ease of
reference, the layer that is driven by the applied voltage may be called the “active” layer,
and the sensing layer may be called the “passive” layer. Voltages read through each
operation phase are digitized and converted to a value representing the single-point of
contact in the X-Y axis at which the layers touch each other.
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It may be desirable for a user to touch a screen in single or dual points of contact
during a touch operation. Some touch screen systems have attempted to determine the
locations for dual point touches, but these systems involve special screens or are inefficient.

Accordingly, there is a need in the art for techniques to determine the locations of

dual touches performed on a four-wire resistive touch screen.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a typical 4-wire resistive touch screen 100.

FIG. 2 illustrates a touch determination system 200 according to an embodiment of

the present invention.

FIG. 3 illustrates a touch processing system 300 according to an embodiment of the

present invention.

FIG. 4 illustrates a method 400 for determining a touch type according to an

embodiment of the present invention.

FIG. 5 models operation of a four-wire resistive touch screen during a multi-touch

event.

FIG. 6 illustrates an electrical model 600 of a four-wire resistive touch screen
describing the relationship between a resistive touch screen segment resistances and two
touch positions according to an embodiment of the present invention.

FIG. 7 illustrates a method 700 for determining locations for a dual touch operation
performed on a four-wire resistive touch screen according to an embodiment of the present

invention.

FIG. 8 illustrates a method 800 for determining locations for a dual touch operation
performed on a four-wire resistive touch screen from calculated segment resistances

according to an embodiment of the present invention.

FIG. 9 illustrates a method 900 for determining estimated locations for a dual touch
operation performed on a four-wire resistive touch screen from estimated segment

resistances according to an embodiment of the present invention.
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FIG. 10 illustrates an artificial neural network 1000 for determining estimated
locations for a dual touch operation performed on a four-wire resistive touch screen

according to an embodiment of the present invention.

FIG. 11 illustrates a method 1100 for calibrating an artificial neural network for
determining locations for a dual touch operation performed on a four-wire resistive touch
screen using a supervised learning process according to an embodiment of the present

invention.

FIG. 12 illustrates a method 1200 for determining estimated locations for a dual
touch operation performed on a four-wire resistive touch screen using an artificial neural

network according to an embodiment of the present invention.

FIG. 13 illustrates a method 1300 for determining estimated locations for a dual
touch operation performed on a four-wire resistive touch screen from a centroid calculation

and an estimated touch distance according to an embodiment of the present invention.

DETAILED DESCRIPTION

Embodiments of the present invention provide systems and methods to determine
locations for dual touch operations performed on a four-wire resistive touch screen. The
systems and methods may include measuring signals from pairs of electrodes on each of a
first and second resistive sheet of the resistive touch screen in two phases of operation.
The systems and methods may further include determining touch screen segment
resistances from the signal measurements. The systems and methods may determine
locations corresponding to the dual touch operations from the segment resistances. The

systems and methods may also determine locations from the signal measurements.

FIG. 2 illustrates a touch determination system 200 according to an embodiment of
the present invention. The system 200 may include a switching block 210, a converter 220,
a data storage 230, a processing unit 240 and a touch screen driver 212. The switching
block 210 may manage an interface between the touch screen (not shown) and the system
200. For example, it may connect driving voltages from the touch screen driver 212 to the X
and Y layers of the touch screen to cause them to operate as active and passive layers
during various phases of operation. The switching block 210 also may capture input signals
203 from the touch screen electrodes (X+, X-, Y+, and Y-) and output them to the converter
220.



[0021]

[0022]

[0023]

[0024]

[0025]

WO 2013/019593 PCT/US2012/048474

The converter 220 may digitize captured signals output from the switching block 210
and output digitized values to the storage unit 230. The processing unit 240 may interpret
the digitized signals to determine a type of touch being made (e.g., single or dual touch)
and to resolve coordinates of the touch(es). The processing unit 240 may include outputs to
indicate touch type and touch location(s).

In an embodiment, the touch determination system 200 may be manufactured in a
common integrated circuit. In an embodiment, inputs/outputs to/from the switching block
210 and outputs from the processing unit 240 may be coupled respectively to input/output
pins and output pins of the integrated circuit.

The switching block 210 may capture signals from the electrodes in either the
voltage or current domain. When capturing voltages, the switching block 210 may include a
plurality of sampling capacitors (not shown) coupled to each of the voltages. When
capturing currents, the switching block may include a plurality of resistor paths (not shown)
coupled to each of the voltages. In other embodiments, the switching block 210 may

include filters to reduce noise or to improve accuracy prior to determining touch positions.

FIG. 3 illustrates a touch processing system 300 according to an embodiment of the
present invention. The system 300 may include a touch determination unit 350. The touch
determination unit 350 may include a switching block 310. The switching block may have
bidirectional connections for driving and receiving signals 303 coupled to electrodes (X+, X-,
Y+, and Y-) of a resistive touch screen (not shown), inputs for receiving layer control signals
from a resistive touch screen driver 312, and outputs coupled to a converter 320. The
system 300 may further include data storage 330 coupled to the output of the converter
320, a processing unit 340 coupled to the data storage 330, and an external processor 360
coupled to various outputs from the touch determination unit 350.

The system 300 may provide various outputs to an external processor 360. The
system 300 may operate in a similar manner as discussed for system 200 of FIG. 2.
However, in one embodiment, the converter 320 may output digital codes from the system
300 directly to the external processor 360 that may determine touch positions. In another
embodiment, the converter 320 may output analog signal values to the external processor
360 that may determine touch positions. In yet another embodiment, data may be provided
to, or extracted directly by, the external processor 360 from either the data storage 330 or
the processing unit 340 so that the processor 360 may determine touch positions.
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In an embodiment, the touch determination unit 350 may be manufactured in a
common integrated circuit. In an embodiment, inputs/outputs to/from the switching block
310 and outputs from the processing unit 340 may be coupled respectively to input/output
pins and output pins of the integrated circuit.

Figure 4 illustrates a method 400 for classifying a touch type according to an
embodiment of the present invention. In addition to characterizing touch positions, a touch
determination unit as illustrated in FIGS. 2-3 may also further characterize a touch type that
may occur on a resistive touch screen. During the occurrence of a single touch operation,
the currents flowing through an active layer may be constant. However, during a dual touch
operation the current flowing through the active layer(s) may decrease as a function of the
distance between and the applied pressure of dual touches. Accordingly, a method 400 as
illustrated in FIG. 4 may detect a touch type and touch positions for various touch
operations.

As illustrated in block 410, the method 400 may drive a predetermined voltage
across a first resistive sheet of the resistive touch screen and measure a first set of signals
from pairs of electrodes on the first resistive sheet and a second resistive sheet. The
method 400 may drive the predetermined voltage across the second resistive sheet and
measure a second set of signals from pairs of electrodes on the first resistive sheet and the
second resistive sheet (block 420). The method 400 may classify a touch type as either a
single touch type or a dual touch type based on the measured signals (block 430). In an
embodiment, after classifying a touch type, the method may then output an indicator of
touch type (block 440).

FIG. 5 models operation of a four-wire resistive touch screen during a dual touch
operation. Since the touch screen layers may alternate between active and passive layers,
for ease of reference, a Y layer 510 may be described as the active layer, while an X layer
520 may be described as the passive layer. The system 500 may include, in the active
layer, switches 515A, 515B having known switch resistances, and electrodes 512A (Y+) and
612B (Y-). In the passive layer, the system 500 may include switches 525A, 525B having
known switch resistances, and electrodes 522A (X+) and 522B (X-). The electrodes 512A,
512B, 522A and 522B may each be connected to a position determination system 200 as
illustrated in FIG. 2 wherein signals at each of the electrodes may be measured during touch
operations.
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When dual touches, e.g., a high touch and a low touch are applied, a sheet
resistance of the active layer 510 may be conceptually segmented into representative
resistances Ry, Ry, and Rp. The resistance Ry may represent the component of sheet
resistance from the electrode 512A to the location of the high touch. The resistance Ry may
represent the component of sheet resistance from the location of the high touch to the
location of the low touch, and the resistance Rp may represent the component of sheet

resistance from the location of the low touch to the electrode 512B.

Further, a sheet resistance of the passive layer 520 may be conceptually segmented
into representative resistances Rp, R, and Ri. The resistance Rp may represent the
component of sheet resistance for the passive layer between the location of the high and
low touches. The resistance R, may represent the resistance between the high touch and
the electrode 522A, and the resistance Ry may represent the resistance between the low
touch and the electrode 522B.

In addition, there may be a touch resistance RTy; that may result from the touching
of the active layer 510 to the passive layer 520 at the location of the high touch. Similarly, a
touch resistance RT o may result from the touching of the active layer 510 to the passive
layer 520 at the location of the low touch. The touch resistances RTy;, RT o may vary due to
the amount of touch pressure being applied by each respective touch on the touch screen.
For example, a light pressure touch will result in a touch resistance value that is higher than

that of a heavy pressure touch.

During a first operational phase of the system 500, a predetermined voltage Ve may
be driven to electrode 512A of the active layer 510 via switch 515A (shown closed), and the
electrode 512B may be connected to ground via switch 515B. Switches 525A and 525B for
the passive layer 520 may remain open. A position determination system (not shown)
connected to each of the electrodes 512A, 512B, 522A, 522B may measure signals from the

electrodes.

During a second operational phase, the predetermined voltage Vcc may be driven on
the previously passive layer (the X-layer 520) to electrode 522A via switch 525A (shown
open), and the electrode 522B may be connected to ground via switch 525B (shown open).
Switches 515A and 515B be may be opened for the X layer 510. The signals from the
electrodes 512A, 512B, 522A, and 522B may be measured by the position determination
system. After gathering the signals through each operational phase, the position
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determination system may determine touch locations using the representative segment

resistances.

FIG. 6 illustrates an electrical model 600 of a four-wire resistive touch screen
describing the relationship between resistive touch screen segment resistances and dual
touch positions according to an embodiment of the present invention. As noted, a system
(e.g., system 200 of FIG. 2) for determining touch positions may operate to measure signals
for a first and second layer through two phases of operation. In each phase, the system
may drive a predetermined voltage to an active layer.

FIG. 6(a) illustrates an exemplary resistance model 600 for a first phase of operation
wherein a predetermined voltage Vcc may be driven across a Y layer to Venp (0V), making it
the active layer. The resistive touch screen may have a high touch and a low touch.
Voltages Va1, Vei, Vi1, Vri (i.€., voltages from the Y+, Y-, X+, and X- electrodes of FIG. 5) or
current I; may be measured during the first operational phase. The touch resistance for the
high touch, RTy;, and the low touch, RTo, may be assumed to be constant during the touch.
The remaining segment resistances Z;, Ry, Rp, Rmi, Rm2, R'm1, R'm2, R, Rg, Rx, and Ry and
voltages Vair and Vgr may be determined using a system of equations. Such equations may
be exemplified as:

Vee =V =1 Ry

Ve —Vawo =1 'Rp

Via = Ve =1, -2,

Z, =R,y|(RTy; +RTyo +R'yy) Eq. 1
Rni =Ry =Ry =Ry

2
R = \/[le i—xj + (Rm2)’
Y

RX(RX+RL)_RR(RX_RR)V —R—RV
R, (Ry —R¢) L

VA1 + VBl = VA1' + VBl' =

FIG. 6(b) illustrates an exemplary resistance model 600 for a second phase of
operation wherein a predetermined voltage Vc may be driven across an X layer to Vg
(0V), making it the active layer. The resistive touch screen may have the same high touch
and a low touch as for FIG. 6(a) and may be assumed to be constant during the touch.
Voltages Va, Vea, Vi, Vrp Or current I, may be measured during the second operational
phase. The remaining segment resistances Z;, Ry, Rp, Rm1, Rm2, R'm1, R'm2, R, Rr, Rx, and Ry
and voltages Va and Vg may be determined using a system of equations. Such equations
may be exemplified as:
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Vee =V =1, R,

Ve2 = Vaw =1, R

Vo = Ve =1, -4,

Z, =R |(RTy; +RT, +R',,) Eq. 2
Rmo =Ry =R —Ry

R,(R, +R,)-R, (R, —R}) R
Vip + Vi = Vop + Vg = ——— R (UR _E )Y = VLZ_R_DVRZ
y(Ry D Y

Equations similar to those described for each phase of operation may be combined to
determine segment resistance values for Ry, Rp, R, and Rx. Because the resistive touch
screen may represent a finite area of space, X-Y coordinates representing locations for the
high and low touches may be determined from the segment resistances.

FIG. 7 illustrates a method 700 for determining locations for dual touch operations
performed on a four-wire resistive touch screen according to an embodiment of the present
invention. As illustrated in block 710, the method 700 may drive a predetermined voltage
across a first resistive sheet of the resistive touch screen and measure a first set of signals
from pairs of electrodes on the first resistive sheet and a second resistive sheet. The
method 700 may drive the predetermined voltage across the second resistive sheet and
measure a second set of signals from pairs of electrodes on the first resistive sheet and the
second resistive sheet (block 720). The method may estimate segment resistances
generated across the first and second resistive sheets by the dual touch operation from the
first and second sets of measured signals (block 730). The method 700 may estimate X-Y
coordinates representing locations of the dual touch operation from the estimated segment
resistances (block 740).

In an embodiment, the method 700 may output the X-Y coordinates corresponding
to the dual touch operation (block 750). In an embodiment, the method 700 may output
the calculated segment resistances (block 760).

FIG. 8 illustrates a method 800 for determining locations for a dual touch operation
performed on a four—wire resistive touch screen from calculated segment resistances
according to an embodiment of the present invention. As illustrated in block 810, the
method 800 may capture signals from pairs of electrodes of resistive sheets of the resistive
touch screen during the dual touch operation. The method 800 may calculate the segment
resistances across a first and second resistive sheet of the resistive touch screen according

-8-
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to Egs. 1 and 2 (block 820). The method 800 may calculate X-Y coordinates representing
locations of the dual touch operations from the calculated segment resistances (block 830).

In an embodiment, the method 800 may output the X-Y coordinates corresponding
to the dual touch operation (block 840). In an embodiment, the method 800 may output
the calculated segment resistances (block 850).

FIG. 9 illustrates a method 900 for determining estimated locations for a dual touch
operation performed on a four-wire resistive touch screen from estimated segment
resistances according to an embodiment of the present invention. As illustrated in block 910,
the method 900 may capture signals from pairs of electrodes of resistive sheets of the
resistive touch screen during the dual touch operation. The method 900 may estimate
segment resistances across a first and second resistive sheet for the resistive touch screen
from the captured signals (block 920). The method 900 may calculate estimated signals for
the first and second resistive sheets according to a multi-segment resistor model populated
by the segment resistances (block 930).

The method 900 may compare the estimated signals to the captured signals and
determining an error value therefrom (block 940). The method 900 may check the error
value against a predetermined range (block 950). If the error value is within the
predetermined range, the method 900 may estimate locations of the dual touch operation
from the estimated segment resistances (block 960). In an embodiment, the method 900
may output the estimated X-Y coordinates corresponding to the locations (block 970). If the
error value is outside the predetermined range, the method 900 may adjust the estimated
segment resistances (block 980) and calculate new estimated signals (return to block 930).
In an embodiment, if the error value is within the predetermined range, the method 900
may output the estimated segment resistances (block 990).

In another embodiment, the method 900 may calculate a centroid location for each
resistive sheet (block 914). As disclosed in related App. No. 12/851,291, a centroid location
for the first and second resistive sheets may be calculated from signals captured from from
pairs of electrodes of resistive sheets of the resistive touch screen for the dual touch
operation. In an embodiment, the method 900 may estimate the distance of between each
touch for the dual touch operation (block 916). The method 900 may estimate segment
resistances across the first and second resistive sheet for the resistive touch screen from the
estimated distance (block 920).
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A system may also be configured to determine locations for two touch positions
using a supervised learning method. A supervised learning process may include inputting
data sets having known input values and output values to a system of calculations having
adjustable operational parameters. The system may output values and the system output
values may be compared against the known output values. The system may adjust
operational parameters based on the error between the system and expected output values.
Under a supervised learning process, data sets may be iteratively fed to the system, the
outputs compared, and the system re-calibrated. This process may continue until the
difference between the expected values and the system outputs may be within a
predetermined tolerance. An artificial neural network may be configured using a supervised

learning process.

FIG. 10 illustrates an artificial neural network 1000 for determining estimated
locations for a dual touch operation performed on a four-wire resistive touch screen
according to an embodiment of the present invention. The network 1000 may be
represented by input nodes that may apply input scaling factors SX+, SX-, SY+, SY-, SI;,
and SI, to signals captured from the resistive touch screen. Each of the input nodes may
feed the scaled signals to intermediate nodes TF1-TFn. Within each intermediate node TF1-
TFn the scaled signals may be linearly combined and a non-linear calculation may be
performed on the linearly combined signals. Outputs from the intermediate nodes TF1-TFn
may feed output nodes XOUT1, YOUT1, XOUT2, and YOUT2. Within each output node,
signals from the transfer function nodes may be linearly combined and a non-linear
calculation may be performed on the linearly combined signals. The output nodes XOUT1,
YOUT1, XOUT2, and YOUT2 may output values that may be the estimated X-Y coordinates
corresponding to estimated locations for the two touch operations.

Each intermediate node TF1-TFn and each output node XOUT1, YOUT1, XOUT2, and
YOUT2 may include a summing calculation which may combine the scaled input signals.
The output of the summing calculation may be adjusted using a non-linear calculation. In an
embodiment, the non-linear calculation for each intermediate node TF1-TFn or each output
node XOUT1, YOUT1, XOUT2, and YOUT2 may include a sigmoid calculation. An example of
a sigmoid calculation may be represented by the following mathematical relationship:

1

P(t) =
®© 1+e™

Eq. 3

where t may represent the output of the summing calculation within either the intermediate
or the output nodes.

-10 -
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In another embodiment, the non-linear calculation for each intermediate node or
each output node XOUT1, YOUT1, XOUT2, and YOUT2 may include a piece-wise linear
calculation. An example of a piece-wise linear calculation may be represented by the
following mathematical relationship:

[t]=0if t<0), [t]=tif (0O<t<1), and [t] =1if (1 <t) Eq. 4
where t may represent the output of the summing calculation within either the intermediate
or the output nodes. A piece-wise linear calculation may be less computationally expensive
than a sigmoid calculation. In another embodiment, the non-linear calculation for each
intermediate node or each output node may include a hyperbolic tangent calculation. In
another embodiment, the non-linear calculation for each intermediate node or each output

node may include an arctangent calculation.

The network 1000 may be calibrated using a supervised learning process that may
have two phases: a training phase and a validation phase. A final testing phase may be
implemented to characterize the precision of the network following calibration. After the
network has been calibrated, it may be implemented in a processing unit (e.g., unit 240 of
FIG. 2). During the training phase, training data sets may be input to the network 1000.
The training data sets may represent signals measured from a resistive touch screen having
sets of dual touch operations performed on the screen. The locations of the dual touch
operations for the training data set may be known. The values output from the output
nodes XOUT1, YOUT1, XOUT2, and YOUT2 of the network 1000 may be used to estimate X-
Y coordinates representing estimated locations of the dual touch operations. The estimated
locations may be measured against the known locations. In response to the difference
between the locations, operational parameters including the scaling factors for the input
nodes may be adjusted. Further, the number of intermediate nodes TF1-TFn may be
increased or decreased. Also, the internal connections between the input nodes, the
intermediate nodes, and the output nodes may be adjusted.

During the validation phase, different data sets, say validation data sets may be
input to the network 1000. The validation data sets may represent signals measured from a
resistive touch screen having sets of dual touch operations performed on the screen. The
locations of the dual touch operations for the validation data set may be known. The values
output from the network 1000 output nodes XOUT1, YOUT1, XOUT2, and YOUT2 may be
used to estimate X-Y coordinates representing estimated locations of the dual touch
operations. The estimated locations may be compared to the known locations to determine
error of the network. For a first iteration through the training and validation phase, the

-11 -
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network may return to the training phase if the error is above a predetermined threshold.
After the first iteration, the network may return to the training phase so long as the network
error may decrease through successive calibration iterations. When the error may stop
decreasing or may begin to increase, the calibration may stop and the network may recover
the operational parameters from the previous iteration.

After the training and validation phases may conclude, the final testing phase may
begin. Final testing data sets that were not used during the training and validation phases
may be input to the network 1000. The final testing data sets may represent signals
measured from a resistive touch screen having sets of dual touch operations performed on
the screen. The locations of the dual touch operations for the final testing data sets may be
known. The values output from the network 1000 output nodes XOUT1, YOUT1, XOUT2,
and YOUT2 may be used to estimate X-Y coordinates representing estimated locations of the
dual touch operations. The estimated locations may be compared to the known locations.
The difference between the locations may be used to characterize the precision of the
network 1000.

Once the network 1000 may be calibrated, it may be incorporated into a processing
unit (e.g., unit 240 of FIG. 2) to determine touch locations for two touch operations that

may be performed on a resistive touch screen.

FIG. 11 illustrates a method 1100 for calibrating an artificial neural network for
determining locations for a dual touch operation performed on a four-wire resistive touch
screen using a supervised learning process according to an embodiment of the present
invention. The method 1100 may include inputting training data sets into the artificial
neural network (block 1110). The method may then compare the network output values
with the expected output values for the training data sets (block 1120). The method 1100
may adjust operational parameters for the artificial neural network based on the comparison
(block 1130).

The method 1100 may then input validation data sets to the artificial neural network
(block 1140). The method may calculate the difference between network output values and
the expected output values for the validation data sets (block 1150). If the method is within
a first iteration and the difference is above a predetermined threshold, the method may
return to inputting the training data sets (block 1160). Otherwise, if the difference between
the network output values and the expected output values for the validation data set may
decrease through successive iterations, the method may return to inputting the training data
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sets (block 1170). If the difference may stop decreasing, the method 1100 may stop the
calibration and may reset the operational parameters to the settings from the previous
iteration (block 1172).

In an embodiment, the method 1100 may input the training data sets to the network
for a predetermined number of iterations before inputting the validation data sets to the
artificial neural network (block 1132).

FIG. 12 illustrates a method 1200 for determining estimated locations for a dual
touch operation performed on a four-wire resistive touch screen using an artificial neural
network according to an embodiment of the present invention. As illustrated in block 1210,
determining dual touch positions may include capturing signals from pairs of electrodes of
resistive sheets of the resistive touch screen. The method 1200 may then multiply the
signal by respective scaling factors (block 1220). Next, the method 1200 may apply a first
weighted summing calculation to predetermined sets of the scaled signals (block 1230). The
method 1200 may apply first a non-linear calculation to the signals (block 1240). The
method 1200 may apply a second weighted summing calculation to the signals (block 1250).
The method 1200 may apply a second non-linear calculation to the signals (block 1260). The
method 1200 may estimate X-Y coordinates representing locations of the dual touch
operation from the signals (block 1270). In an embodiment, the method 1200 may output
the estimated X-Y coordinates (block 1272).

FIG. 13 illustrates a method for determining estimated locations for a dual touch
operation performed on a four-wire resistive touch screen from a centroid location and an
estimated touch distance according to an embodiment of the present invention. As
illustrated in FIG. 13, the method 1300 may capture signals from pairs of electrodes of
resistive sheets of the resistive touch screen during the dual touch operation (block 1310).
The method 1300 may calculate a centroid location for each resistive sheet (block 1320).
The method may estimate the distance between each touch for the dual touch operation
(block 1330). The method may calculate estimated X-Y coordinates representing locations of
the dual touch operations from the centroid and estimated distance (block 1340).

Several embodiments of the present invention are specifically illustrated and
described herein. However, it will be appreciated that modifications and variations of the
present invention are covered by the above teachings and within the purview of the
appended claims without departing from the spirit and intended scope of the invention.
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WE CLAIM:

1. A method for determining locations for a dual touch operation performed on a four-
wire resistive touch screen, comprising:

driving a voltage across a first resistive sheet of the touch screen and measuring a first
set of signals from pairs of electrodes on the first resistive sheet and a second resistive sheet;

driving the voltage across the second resistive sheet of the touch screen and
measuring a second set of signals from pairs of electrodes on the first resistive sheet and the
second resistive sheet;

estimating segment resistances generated across the first and second resistive sheets
by the dual touch operation from the first and second sets of measured signals; and

estimating X-Y coordinates representing locations of the dual touch operation from the
estimated segment resistances.

2. The method of claim 1, wherein the sets of measured signals are voltages at the pairs
of electrodes.

3. The method of claim 1, wherein the sets of measured signals are currents for each
resistive sheet.

4, The method of claim 1, the estimating coordinates further comprising:
calculating a centroid location of the dual touch operation, and
estimating the distance between each touch of the dual touch operation.

5. The method of claim 1, the estimating segment resistances further comprising
calculating the segment resistances according to Egs. 1 and 2.

6. The method of claim 1, the estimating segment resistances further comprising
inputting the first and second sets of measured signals to an artificial neural network.

7. A method for determining locations for a dual touch operation performed on a four-
wire resistive touch screen, comprising:

capturing signals from pairs of electrodes of resistive sheets of the resistive touch
screen during the dual touch operation;

calculating segment resistances for a first and second resistive sheet of the resistive
touch screen according to Egs. 1 and 2; and

calculating X-Y coordinates representing locations of the dual touch operation from the
calculated segment resistances.

8. The method of claim 7, further comprising outputting the X-Y coordinates from an
integrated circuit.
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9. The method of claim 7, further comprising outputting the segment resistances from an

integrated circuit.

10. A method for determining estimated locations for a dual touch operation performed on
a four-wire resistive touch screen, comprising:
capturing signals from pairs of electrodes of resistive sheets of the resistive touch
screen during the dual touch operation;
on a trial-and-error basis:
estimating segment resistances for a first and second resistive sheet of the
resistive touch screen;
calculating estimated signals for the first and second resistive sheets according
to a multi-segment resistor model populated by the segment resistances;
comparing the estimated signals to the captured signals and determining an
error value therefrom; and
if the error value is within a predetermined range, estimating locations of the
dual touch operation from the estimated segment resistances.

11. The method of claim 10, further comprising: if the error value is outside the

predetermined range, adjusting the estimated segment resistances.

12. The method of claim 10, wherein the estimated signals are computed according to
Egs. 1 and 2.

13. The method of claim 10, further comprising:
calculating a centroid location of the dual touch operation, and
estimating the distance between each touch of the dual touch operation.

14. A system for determining estimated locations for a dual touch operation performed on
a four-wire resistive touch screen, comprising:

inputs for pairs of signals generated from respective passive layers of the resistive
touch screen during the dual touch operation;

input nodes for multiplying the signals by respective scaling factors;

intermediate nodes for weighting and summing signals received from the scaling
nodes and applying respective non-linear calculations to the weighted sum of the signals; and

output nodes for weighting and summing signals received from the intermediate nodes
and applying respective non-linear calculations to the weighted sum of the signals, outputs of
the output nodes indicating the estimated locations of the dual touch operation.

15. The system of claim 14, wherein the non-linear calculation is a sigmoid calculation.
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16. The system of claim 14, wherein the non-linear calculation is piece-wise linear

calculation.

17. A method for determining estimated locations for a dual touch operation performed on
a four-wire resistive touch screen using an artificial neural network, comprising:

capturing signals from pairs of electrodes of resistive sheets of the resistive touch
screen during the dual touch operation;

multiplying each of the captured signals by predetermined scaling factor;

applying first weighted summing calculations to the scaled signals;

applying first non-linear calculations to the weighted sums of the scaled signals;

applying second weighted summing calculations to predetermined sets of the first non-
linear calculations;

applying second non-linear calculations to the weighted sums of the predetermined
sets; and

estimating X-Y coordinates representing locations of the dual touch operation from the

second non-linear calculations.

18. The method of claim 17, wherein the first non-linear calculation is a sigmoid

calculation.

19. The method of claim 17, wherein the first non-linear calculation is a piece-wise linear

calculation.

20. The method of claim 17, wherein the first non-linear calculation is a hyperbolic tangent

calculation.

21. The method of claim 17, wherein the first non-linear calculation is an arctangent

calculation.

22. The method of claim 17, wherein the second non-linear calculation is a sigmoid

calculation.

23. The method of claim 17, wherein the second non-linear calculation is a piece-wise

linear calculation.

24. The method of claim 17, wherein the second non-linear calculation is a hyperbolic
tangent calculation.

25. The method of claim 17, wherein the second non-linear calculation is an arctangent

calculation.
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26. The method of claim 17, wherein the second non-linear calculation is a sigmoid
calculation, a piece-wise linear calculation, a hyperbolic tangent calculation, or an arctangent

calculation.
27. The method of claim 17, further comprising calibrating the artificial neural network.

28. The method of claim 27, the calibrating the artificial neural network further
comprising:
on an iterative basis:
inputting training data sets to the artificial neural network;
comparing the artificial neural network outputs with expected outputs from the
training data sets;
adjusting operational parameters of the artificial neural network from the
comparison;
inputting validation data sets to the artificial neural network;
calculating the difference between the artificial neural network outputs and the
expected outputs from the validation data sets;
if within a first iteration and the difference is above a predetermined threshold,
repeating the inputting, the comparing, the adjusting, the inputting, and the calculating the
difference; and
if the difference decreases between successive iterations, repeating the inputting, the
comparing, the adjusting, the inputting, and the calculating the difference.

29. The method of claim 28, further comprising:
if the difference stops decreasing between successive iterations,
stopping the calibrating, and
resetting the operational parameters to the settings of the previous iteration.

30. The method of claim 28, further comprising:
repeating the inputting training data sets, the comparing, and the adjusting for a

predetermined number of iterations.

31. A method for determining a touch type for a touch operation performed on a four-wire
resistive touch screen, comprising:

driving a voltage across a first resistive sheet of the touch screen and measuring a first
set of signals from pairs of electrodes on the first resistive sheet and the second resistive

sheet;
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driving the voltage across the second resistive sheet of the touch screen and
measuring a second set of signals from pairs of electrodes on the first resistive sheet and the
second resistive sheet; and

classifying a touch operation as either a single touch type or a dual touch type based

on the measured signals.

32. The method of claim 31, further comprising outputting an indicator of the touch type

from an integrated circuit.

33. An apparatus for determining estimated locations for a touch operation performed on
a four-wire resistive touch screen, comprising:

a switching block for managing an interface to the resistive touch screen;

a touch screen driver for generating signals to drive the resistive touch screen;

a converter for digitizing and measuring signals output from the switching block to the
converter;

a data storage for storing digital codes output from the converter; and

a processing unit configured to determine estimated X-Y coordinates representing
locations for the touch operation from the digital codes output from the data storage.

34. The apparatus of claim 33, further comprising an output connected to the converter
for outputting the digital codes from the converter.

35. The apparatus of claim 33, further comprising an output connected to the processing
unit for outputting the estimated X-Y coordinates.

36. The apparatus of claim 33, wherein the processing unit being further configured to
determine a touch type for the touch operation.

37. The apparatus of claim 33, wherein the processing unit comprises a neural network.

38. A method for determining estimated locations for a dual touch operation performed on
a four-wire resistive touch screen, comprising:

capturing signals from pairs of electrodes of resistive sheets of the resistive touch
screen during the dual touch operation;

calculating a centroid location of the dual touch operation;

estimating a distance between each touch of the dual touch operation; and

estimating X-Y coordinates representing locations of the dual touch operation from the
centroid location and the estimated distance.
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