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TOUCH PANEL SYSTEM AND METHOD FOR 
DISTINGUISHING MULTIPLE TOUCH INPUTS 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a continuation of US. Ser. No. 
09/970,474, ?led Oct. 3, 2001 noW allowed, the disclosure 
of Which is incorporated by reference in its entirety herein. 

[0002] This invention generally relates to touch systems 
and touch digitiZers. The invention more particularly relates 
to touch systems Where there can be simultaneous or tem 
porally overlapping touches and to methods for distinguish 
ing multiple touch inputs. 

BACKGROUND 

[0003] Touch panels are often used in electronic display 
systems as a replacement or supplement to a conventional 
keyboard and/or a mouse. Touch panels are generally intui 
tive to use and may require comparatively little training to 
operate. For example, a user can implement a complex 
sequence of instructions by simply pressing a touch screen 
at a location identi?ed by an appropriate icon. The func 
tionality of the icon can be changed by manipulating the 
supporting software according to the application. 

[0004] An integral part of a touch system is the mecha 
nism for detecting the location of a touch applied by a user. 
The detection of touch locations may be based on different 
technologies. Exemplary technologies include resistive, 
capacitive, force, infrared (IR), and surface acoustic Waves 
(SAW). 
[0005] Touch panels are often characteriZed by several 
attributes including siZe, ease of use, resolution, optical 
performance, and cost. Demand for touch panel devices for 
user input has increased as the variety of electronic devices 
has increased, as the desire for portable devices has 
increased, as desk top and other space has become more 
limited, and as the functionality of touch screens has 
improved and expanded. 

SUMMARY OF THE INVENTION 

[0006] Some of the functionalities common for conven 
tional keyboards are not as commonly found in touch 
systems. For example, special keyboard functions can be 
accessed by pressing tWo or more keys at the same time. In 
a touch system, touches are often meant to be applied 
sequentially With no overlap, and position detection algo 
rithms have functioned accordingly. There may be applica 
tions Where it is desired to use a touch panel to detect and 
discriminate betWeen temporally overlapping touch inputs. 
By doing so, the touch system may be designed to avoid 
reporting erroneous, or “phantom”, touch positions, and to 
correctly report any one or more of the singe touch events 
that make up the overlapping touch inputs. 

[0007] The present invention provides a touch system and 
method for identifying temporally overlapping touch events, 
for example due to tWo users applying touch input during the 
same time interval. By identifying such double touch events, 
valid touch point positions can be reported to the system 
With more con?dence. Double touch events can be discrimi 
nated according to the present invention by performing any 
one or more of the folloWing in any suitable combination 
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and in any suitable order: comparing signal magnitudes to 
determined threshold values, comparing rates of change of 
signal magnitudes and/or rates of change of positional data 
to determined parameters, comparing the proximity of cal 
culated positional data to discretely identi?ed “active” areas 
such as icons, and determining Whether an apparent touch is 
detected in a region Where double touch events have a higher 
probability of occurring. 

[0008] Methods of the present invention may be suited for 
use With various different touch sensor technologies, for 
example capacitive, resistive, force sensing, surface acoustic 
Wave, infrared, and the like. Because each touch screen 
technology differs at least someWhat in the touch input 
signals that are measured, and in the manner that the signals 
are interpreted, the implementation of aspects of the present 
invention can have application speci?c elements. HoWever, 
many aspects and concepts of the present invention can be 
analogously applied in touch screen systems independent of 
the employed sensor technology. 

[0009] In one aspect, methods of the present invention 
include measuring signals caused by tWo or more overlap 
ping touch inputs, measuring positional data for the touch 
inputs, determining Whether any of the signals exceeds a 
minimum threshold for a single touch input, determining 
Whether any of the signals exceeds a maximum threshold for 
a single touch input, and calculating and reporting to the 
touch screen system a touch location using positional data 
that corresponds to any of the signals that exceeds the 
minimum threshold but that does not exceed the maximum 
threshold. The method can further include subtracting the 
valid positional data from positional data corresponding to 
any of the signals that exceeds the maximum threshold to 
calculate a touch location that Was otherWise unreported due 
to the overlapping touches. 

[0010] In another aspect, the present invention provides a 
touch screen system that includes a touch panel for measur 
ing touch-based user input signals, an information display 
disposed for vieWing through the touch panel, and a pro 
cessing unit for discriminating the touch-based user input 
signals to determine Which signals correspond to temporally 
overlapping individual touch inputs. The processing unit can 
compare signal magnitudes to one or more predetermined 
threshold values and can perform one or more of (i) moni 
toring a signal magnitude rate of change, (ii) monitoring a 
rate of change of calculated touch position, (iii) monitoring 
proximity of touch position to one or more designated active 
areas, or (iv) monitoring proximity of touch position to one 
or more designated regions of higher double touch prob 
ability. The touch panel can be, for example, a capacitive 
touch panel, a resistive touch panel, a force-based touch 
panel, a surface acoustic Wave touch panel, or the like. 

[0011] In yet another aspect, the present invention pro 
vides a method for distinguishing temporally overlapping 
touch inputs in a touch screen system by repeatedly mea 
suring a signal caused by one or more touch inputs, moni 
toring rates of change of the signal, correlating the rates of 
change of the signal With touch-doWn, hold, and lift-off 
events, to determine a sequence of said events, using the 
determined sequence of said events to determine a temporal 
ordering of the one or more touches, calculating a touch 
location of at least one of the one or more touches given the 
determined sequence, and reporting the touch location. 
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Other steps can be added such as determining that the touch 
location resides in an area of the touch screen designated as 
an active area, for example an icon. Also, it might be desired 
not to report the touch location if the touch location has 
moved more than a predetermined distance from a preceding 
calculated touch location. 

[0012] In another aspect, methods of the present invention 
can include measuring a predetermined number of touch 
signals, each measurement being taken at a predetermined 
time interval, each time interval being shorter than an 
expected touch input hold duration, calculating a signal total 
for each of the signals, calculating a touch location for each 
of the signals that exceed a minimum threshold but remain 
beloW a maximum threshold, and reporting a touch position 
to the touch screen system for any of the calculated touch 
locations that is less than a predetermined distance aWay 
from any of the other calculated touch locations. 

[0013] The present invention also provides a method for 
distinguishing valid touch inputs in a touch screen system 
Whereby a predetermined number of touch signals are mea 
sured, each measurement taken at a predetermined time 
interval, each time interval being shorter than an expected 
touch input hold duration, a signal total for each of the 
signals is determined, a touch location is calculated for each 
of the signal totals that exceed a minimum threshold but 
remain beloW a maximum threshold, the maximum thresh 
old can be adjusted and the calculating step repeated for any 
touch location that is Within a designated region correspond 
ing to a higher probability of double touch events, and a 
touch position can be reported to the touch screen system for 
the calculated touch locations. 

[0014] In another aspect, the present invention provides a 
method that includes determining a total signal from a set of 
measured touch signals, calculating a touch position from 
the set of measured touch signals When the total signal 
exceeds a minimum threshold value, performing one or both 
of: (a) setting a test parameter for rate of change of total 
signal magnitude based on Where the calculated touch 
position is located, and comparing the total signal magnitude 
to other recently measured total signal magnitudes to deter 
mine Whether the test parameter for rate of change of total 
signal magnitude is satis?ed, and (b) setting a test parameter 
for rate of change of position based on Where the calculated 
touch position is located, and comparing the touch position 
to other recently measured positions to determine Whether 
the test parameter for rate of change of position is satis?ed, 
and When the applicable test parameter or test parameters is 
satis?ed, reporting the touch position When the total signal 
does not exceed a maximum threshold. 

[0015] The present invention further provides a method 
for distinguishing valid touch inputs in a touch screen 
system, Which method includes measuring a predetermined 
number of touch signals, each measurement taken at prede 
termined time intervals, the time intervals being shorter than 
an expected touch input hold duration, associating a signal 
parameter With each of the signals, calculating a touch 
location for each of the signals Whose associated parameter 
is above a minimum threshold but beloW a maximum 
threshold, and reporting a touch position to the touch screen 
system for any of the touch locations calculated in the 
calculating step. 
[0016] In yet another aspect, the present invention pro 
vides a method for distinguishing phantom touch positions 
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from valid touch positions during a double touch event in a 
touch screen system by independently measuring an X-co 
ordinate position for each touch in the double touch, inde 
pendently measuring a Y-coordinate position for each touch 
in the double touch, determining a rate of change of mag 
nitude of a measured signal corresponding to each X-coor 
dinate position and each Y-coordinate position, matching 
X-coordinate positions With Y-coordinate positions based on 
similar rates of change, and reporting the matched X, Y 
coordinates as the valid touch positions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] The invention may be more completely understood 
and appreciated in consideration of the following detailed 
description of various embodiments of the invention in 
connection With the accompanying draWings, in Which: 

[0018] FIG. 1 is a How chart representing decision steps 
that can be used in methods of the present invention; 

[0019] FIG. 2 is a How chart representing decision steps 
that can be used in methods of the present invention; 

[0020] FIGS. 3A-G are graphical representations of vari 
ous touch input scenarios that may be encountered in touch 
systems of the present invention; 

[0021] FIG. 4 is a schematic representation of a capacitive 
touch screen being touched at tWo locations; 

[0022] FIG. 5 illustrates de?ning areas on a touch screen 
for use in a discrimination step in methods of the present 

invention; 
[0023] FIG. 6 is a How chart representing decision steps 
that can be used in methods of the present invention; 

[0024] FIG. 7 is a How chart representing decision steps 
that can be used in methods of the present invention; 

[0025] FIG. 8 is a schematic representation of a resistive 
touch screen being touched at tWo locations; 

[0026] FIG. 9 is a How chart representing decision steps 
that can be used in methods of the present invention; 

[0027] FIG. 10 is a schematic diagram of a surface acous 
tic Wave touch panel; 

[0028] FIG. 11A represents a time varying signal for the 
X-coordinate as detected in a surface acoustic Wave touch 
panel due to the tWo locations being touched as indicated in 
FIG. 10; 

[0029] FIG. 11B represents a time varying signal for the 
Y-coordinate as detected in a surface acoustic Wave touch 
panel due to the tWo locations being touched as indicated in 
FIG. 10; 

[0030] FIG. 11C represents envelopes of a signal like that 
shoWn in FIG. 11A as taken at successive time intervals; 

[0031] FIG. 12 is a How chart representing decision steps 
that can be used in methods of the present invention; and 

[0032] FIG. 13 is a How chart representing decision steps 
that can be used in methods of the present invention. 

[0033] While the invention is amenable to various modi 
?cations and alternative forms, speci?cs thereof have been 
shoWn by Way of example in the draWings and Will be 
described in detail. It should be understood, hoWever, that 
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the intention is not to limit the invention to the particular 
embodiments described. On the contrary, the intention is to 
cover all modi?cations, equivalents, and alternatives falling 
Within the spirit and scope of the invention. 

DETAILED DESCRIPTION 

[0034] The present invention is generally applicable to 
touch systems and particularly to touch systems Where tWo 
or more touches may be applied by one or more users. The 
present invention is particularly suited to a touch system 
Where some portion of tWo or more touch inputs may occur 
simultaneously or otherWise temporally overlap. For 
example, the present invention may be suited for use in an 
electronic game system designed to be played by one or 
more players Where, in the course of playing the game, 
players can apply touch input to generate a response in the 
game, and Where tWo or more touches may start at the same 
time and/or end at the same time and/or overlap for at least 
part of the time during Which each touch is applied. Such 
touch inputs can be referred to as overlapping touches, 
double touches, or simultaneous touches. 

[0035] In a touch screen system, the location of a touch 
applied by a user is generally determined by measuring 
separate signals generated by the touch input, and compar 
ing the signals, or ratios of the signals, to calculate the 
position of the touch. The position data can then be corre 
lated to a particular action or instruction, for example. 
Measured signals include electrical current, electrical volt 
age, electromagnetic energy, acceleration, force per unit 
area, and the like. Assuming a properly calibrated touch 
system, the calculated position of a touch should be suffi 
ciently close to the actual location touched by the user so 
that the user’s intended instruction can be carried out. HoW 
close the reported touch location should be to the actual 
touch location to be suf?ciently close is determined, in part, 
by the resolution of the touch system. A reported touch 
location that suf?ciently closely corresponds to an actual 
location touched by a user is referred to as a valid touch. As 
used in this document, reporting a touch location refers to 
the calculated touch location being used by the touch system 
in an appropriate manner, for example by the application 
softWare to determine the user input instructions. Reporting 
might include communications from a touch screen control 
ler to a central processing unit, or in a more integrated 
system can simply entail touch position data being calcu 
lated and appropriately used as contemplated by the appli 
cation. 

[0036] Generally, a touch applied to a touch screen can be 
thought of as a time sequence that includes three steps, 
namely touch-doWn, hold, and lift-olf. The signals that are 
measured to calculate the location of a touch are determined 
against a background level, Which is the residual signal level 
present When no touch is being applied. When a touch is 
applied the signal increases from its background value to a 
neW value, referred to as the hold value, Which is measurably 
different from the background level. The transition from 
background to a hold level is called touch-doWn. The 
applied touch is generally held for a ?nite time, referred to 
as the hold time, corresponding to the hold step, during 
Which the hold signal ideally remains relatively constant, or 
more practically, ?uctuates Within a range, all values in the 
range being substantially larger than the background level. 
The hold time is generally long enough so that a touch 

Oct. 11, 2007 

location may be measured. It is subsequently calculated and 
reported. At the end of the hold time, and as the user removes 
the applied touch, the value of the generated signal decreases 
from its hold value to a background level. This is referred to 
as lift-off. 

[0037] A touch applied to a touch screen at a ?rst location 
results in the generation of a ?rst set of signals, or positional 
data, Which can be used to determine the location of a ?rst 
touch, Which is generally very close to the actual location of 
the ?rst touch. When the user lifts off from the ?rst touch 
location and applies a touch at a second location, a second 
set of signals are generated that can be used to determine the 
location of a second touch, Which is generally very close to 
the actual location of the second touch. If during a given 
time interval the ?rst and second touch locations are both 
pressed (i.e., the ?rst and second touches temporally over 
lap), then the ?rst and second sets of signals are superim 
posed for that time interval, resulting in a third set of signals. 
HoW the sets of signals are combined in the superposition 
depends on a number of factors including the touch panel 
detection technology used (e.g., resistive, capacitive, force, 
SAW, IR), the touch panel construction, and the detection 
algorithm used in the touch system to calculate and report 
applied touch locations. Generally, the third set of signals, if 
used to calculate a touch location, may result in reporting a 
touch location that Was not actually touched, and often 
located at a point betWeen the ?rst and second touch 
locations. The touch location resulting from the overlapping 
touch inputs and that does not correspond to any valid or 
intended touch location can be referred to as a phantom 
touch. Reporting a phantom touch can result in erroneous 
user input instructions being given. There is a risk of 
reporting phantom touches Where there are simultaneous 
touch-doWns, simultaneous lift-offs, or otherWise overlap 
ping hold intervals of separate touches. 

[0038] Using a touch system that reports phantom touches 
may limit or prohibit the use of the touch screen system in 
certain applications, such as those applications Where tWo or 
more simultaneous or overlapping touches may foreseeably, 
or even desirably, be applied by one or more users. For 
example, it may be desirable to employ touch screens in 
electronic games played by tWo or more players Where the 
players may be using a single touch screen to input infor 
mation at the same times. Even though each player might 
use a separate and pre-determined section of the touch 
screen When playing the game, in the course of playing, 
many overlapping touch events may occur as each player 
touches his section of the touch screen. Reporting of phan 
tom touches may result in game responses not intended by 
one or more of the players. While multiple player games 
could employ a separate and dedicated touch screen for each 
player, along With dedicated hardWare and/or softWare, such 
a solution may not be desirable due to cost considerations, 
space limitations, functionality, aesthetics, and other factors. 
Multiple touch screens might also be undesirable for mul 
tiple player games or other applications Where a single 
player mode is also contemplated. Other examples Where it 
may be desirable to be able to distinguish temporally over 
lapping touch inputs include applications such as data entry 
Where a touch screen may be used for entry of information 
at a fast rate and from more than one location on the screen, 
Whether by one user or multiple users. In the above and 
many other examples and applications, reporting a phantom 
touch and a subsequent erroneous response based on such 
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detection may be undesirable and can limit the utility of a 
touch screen in such applications. 

[0039] The present invention provides systems and meth 
ods for identifying phantom touches due to overlapping 
touch inputs and for discriminating valid touches from 
phantom touches, or in other Words for discriminating single 
touches from double (or other multiple) touches. Further, the 
present invention provides for storing the signals measured 
during multiple touch overlap so that, upon recording one of 
the valid touches involved in the multiple touch events, the 
system can use or discard the overlapping signals as desired. 
In some embodiments, a valid touch position that Would not 
otherWise be determinable can be determined from overlap 
ping touch signals if one of the other valid touch positions 
can ?rst be determined. 

[0040] Although it is contemplated here that the systems 
and methods of the present invention can be applied to 
situations Where there are one or more users and any number 

of overlapping touches, it is convenient to describe the 
present invention in the context of tWo discrete touch input 
events that may or may not overlap and that are provided by 
a user A and a user B. 

[0041] Various Ways are described in this document to 
identify single touch inputs Within a double touch event. One 
such method involves comparing signal magnitudes to pre 
determined thresholds to distinguish a single touch from 
overlapping touches. The signals compared to the thresholds 
to distinguish single from double touches may be derived 
from the same signal data used to calculate touch locations, 
or may be different signal data. During a calibration stage, 
or during the normal course of obtaining touch input, a range 
may be established for likely signal values during hold for 
a single touch. This range may or may not be user speci?c. 
This information can be used to set a minimum value to 
register a single touch and a maximum single touch value 
above Which signals are interpreted as double (or other 
multiple) touch events. In addition to setting threshold 
values from a calibration step, thresholds can be preset 
before use and remain as set, or can be adjusted over time 
(e.g., periodically during normal use, When a designated 
region is touched by a user, and the like). Threshold values 
can be universal or can be speci?c to each user, as desired. 
According to the present invention, a phantom touch loca 
tion calculated from overlapping touches that result in 
signals larger than the threshold range for a single touch is 
not reported, but rather the information resulting from 
generation of such large signals may be stored and used to 
detect a location of the second touch, or may be used for 
other purposes. 

[0042] Another method for distinguishing overlapping 
touch inputs involves determining and monitoring the rate of 
change of touch signal magnitudes. A signal’s rate of change 
may be used to identify the touch-doWn, hold, and lift-off 
portions of a touch event, as Well as any intervening touch 
doWns, lift-offs, or the like due to overlapping touches. In 
general, positive rates of change signify a touch-doWn, 
negative rates of change signify a lift-off, and near Zero or 
comparatively very small magnitude rates of change signify 
a hold. Minimum and maximum thresholds can be used to 
determine Whether a rate of change signi?es a hold, a 
touch-doWn or lift-off, or simultaneous touch-doWns or 
lift-offs of multiple touches. For example, While applying a 
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?rst touch, a substantially positive rate of change of signal 
is detected during touch-doWn. If, While the ?rst touch is in 
a hold stage, a second touch is applied at a different location 
on the touch screen, a second substantially positive rate of 
change of signal may be detected, signifying a neW touch. 
Thus, a ?rst substantially positive rate of change of a signal 
folloWed by a second substantially positive rate of change of 
the signal Without an intervening substantial negative rate of 
change of the signal indicates the application of a second 
touch While a ?rst touch is in hold. According to the present 
invention, a phantom touch location calculated and resulting 
from the signals generated after a second touch is applied 
While a ?rst touch is in hold is not reported, but rather the 
signals may be stored and used to locate the position of the 
second touch, or may be used for other purposes. 

[0043] Another method to identify a phantom touch 
according to the present invention involves monitoring the 
change in the location of a detected touch as a function of 
time. When a touch is applied and held at a relatively ?xed 
position long enough for a location to be detected, the 
location is reported, With the reported location being gen 
erally very close to the actual location touched by the user. 
Depending on the duration of the hold, several touch loca 
tions may be calculated, all of Which are generally very close 
to the actual touched location. If, While a ?rst touch is in 
hold, a second touch is applied to a different location on the 
touch screen and held long enough, the detected location 
Would correspond to a phantom touch positioned someWhere 
betWeen the ?rst and second touched locations, and in many 
applications this position is likely to be a substantial distance 
from either touched location. Thus, in the absence of detect 
ing a lift-off, a rate of change of location of a detected touch 
that is larger than a pre-determined threshold value indicates 
the likelihood of a second touch temporally overlapping the 
?rst. The pre-determined threshold value is, in part, deter 
mined by the resolution of the touch screen. According to the 
present invention, a phantom touch under these circum 
stance is not reported, but rather the generated signals used 
to determine the location of the phantom touch may be 
stored and used to determine a position of a second touch, 
or may be used for other purposes. 

[0044] In another aspect of the invention, Where the 
alloWed areas of touch are limited to a ?nite number of 
distinct regions, and Where a detected touch is suf?ciently 
close to one such region, then a touch is reported. An 
exemplary aspect of this invention is a touch screen Where 
at least a section of the touch screen is limited to icons. As 
such, if a touch is detected su?iciently close to an icon, a 
touch is reported at the icon. If a detected touch location is 
suf?ciently far from all such areas, then no touch is reported. 

[0045] In yet another aspect of the present invention, an 
area of the touch screen may be designated as having a 
higher probability of having a reported phantom touch due 
to overlapping touches. For example, if a detected touch 
location corresponds to a midpoint area of a touch screen 
that corresponds to an area disposed betWeen tWo regions 
intended to be touched by different users, then the detected 
touch location is subjected to further tests because the 
midpoint area has a higher probability of having phantom 
touches than the outer regions. In this case, a detected touch 
located in the midpoint area can be subjected to further tests 
for determining Whether the touch is a phantom touch, Where 
the variables used in the further tests being adjusted accord 
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ingly. For example, the further away a detected touch 
location is from the midpoint region, the more relaxed the 
test conditions because there is a high degree of con?dence 
that the touch is a single touch. Detected touch locations 
Within the midpoint range can be subjected to more stringent 
conditions. 

[0046] The details of implementation and application of 
the methods of the present invention can depend on Which 
technology is used to calculate and report touch locations. 
Even so, the implementation and application of many of the 
concepts of the present invention With respect to capacitive, 
resistive, and force-based touch screens is similar enough 
that these technologies can be treated similarly in the present 
invention. Brie?y, capacitive touch screens Work by mea 
suring the current through each of several terminals (typi 
cally located at each of the four comers of the touch panel) 
When a user touches doWn. The ratios of the currents can be 
used to locate Where the touch occurred. Resistive touch 
screens function When a user touches a location of the touch 
screen With enough force so that tWo spaced conductive 
sheets come into local electrical contact at the touch loca 
tion. By measuring the resistance values betWeen opposing 
edges and the touch point of one conductive coating and by 
measuring similar values in the orthogonal direction on the 
other conductive coating, an X, Y position for the touch 
location can be determined. Force touch screens utiliZe 
sensors located at pre-determined positions, each measuring 
a component of force due to a touch at a location on the 
touch screen. By measuring the different forces at strategic 
locations (e.g., at the four corners), the location of touch can 
be determined. Examples of sensors suitable for use in 
force-based touch screens include capacitor elements and 
pieZoelectric devices, among others. 

[0047] While the signals for determining touch locations 
differ for each of these three technologies, a total electrical 
current measurement can be used in each as the signal to 
distinguish single touches from multiple touches. 

[0048] FIG. 1 shoWs an illustrative ?oW chart that iden 
ti?es various steps that can be used in capacitive, resistive, 
and force-based touch screen systems to distinguish single 
touches from multiple touches. After making a neW mea 
surement from Which position data and signal magnitude can 
be calculated, any of a number of tests, or decision steps, can 
be performed. Although several of these decision steps is 
shoWn in FIG. 1, methods of the present invention can be 
suitably implemented that include any one of these decision 
steps Without applying the others, that include any combi 
nation of one or more of these decision steps, and that 
include them in any order. Other decision steps, algorithms, 
measurements, and calculations can also be made. 

[0049] Upon making a neW measurement, it may be ben 
e?cial to determine if the calculated X, Y position falls in a 
midpoint area or other region Where phantom touches due to 
double touch events are more probably located. This infor 
mation can be used to tighten or loosen various test param 
eters used in subsequent decision steps. 

[0050] As another decision step, the appropriate signal 
(for example, total current passing through a designated 
point or points) can be compared against the minimum 
threshold for a single touch. As long as the signal does not 
rise above this minimum threshold, no touch is registered. If 
the signal rises above the minimum threshold, it is compared 
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against the maximum threshold for a single touch. If the 
signal is less than the maximum single touch threshold, the 
position of the touch can be calculated and reported from the 
appropriate set of measurements. If the signal exceeds the 
maximum single touch threshold, the signal is interpreted as 
a double touch, and position data for the touch is not 
reported. HoWever, data from unreported double touches can 
be stored and a neW measurement can be made. If the signal 
later drops beloW the maximum threshold but remains above 
the minimum threshold, a neW touch position can be 
reported. At that time, the system can determine What should 
be done With the stored data from the overlapping double 
touch event. Storing and using unreported double touch data 
is an optional step that can be performed after any decision 
step Where an overlapping touch has been indicated. 

[0051] Referring again to FIG. 1, another step includes 
monitoring the rate of change of a signal magnitude. If the 
rate of change of magnitude exceeds a threshold, this can 
indicate a double touch or unstable touch. If the touch is 
stable and the rate of change is less than a threshold, a 
position can be reported. Similarly, the rate of change of 
calculated position from one measurement to the next can be 
monitored to determine Whether a double touch has likely 
occurred. As another step, it can be determined Whether the 
calculated X, Y position corresponds suf?ciently closely 
With a predetermined active area, such as an icon. If so, valid 
touch coordinates may be reported. If more than one of the 
decision steps shoWn in FIG. 1 are used in a method of the 
present invention, it may provide a higher level of con? 
dence that reported touch locations are valid. 

[0052] As indicated above, measurement data from over 
lapping touches can be stored even though no valid touch 
location Was able to be reported. The stored data from the 
double touch can later be used. For example, if a neW 
measurement is determined to be a double touch, no touch 
is reported, but the measurement data can be stored. If the 
double touch Was immediately preceded by a reported single 
touch that can be attributed to one of the touches of the 
double touch, the measurement data from the previously 
reported touch location can be subtracted out of the double 
touch measurement data so that a second touch position can 
be calculated and reported, in essence backing out a valid 
touch location that Was otherWise hidden in double touch 
data. If there Was no reported single touch in the preceding 
measurement, then the double touch data can remain stored 
and a neW measurement can be made. If the neW measure 

ment is a reported single touch, the system can check to see 
if the immediately preceding measurement Was an unre 
ported but stored double touch. If so, the neW single touch 
data can be subtracted out of the stored double touch data in 
order to calculate the previously unreported single touch that 
overlapped With the neWly reported single touch. 

[0053] The neW position data, calculated by subtracting 
out knoWn valid signals from adjacent double touch signals, 
can optionally be checked for proximity to knoWn icon 
positions (or other active area positions of the touch screen). 
This can give further con?dence that the backed-out position 
is valid, especially in situations Where the measured signal 
levels tend to vary someWhat over time. 

[0054] FIG. 2 demonstrates a decision tree that may be 
employed When using rate of change of signal magnitude to 
determine the presence and order of touch-doWns and lift 


















