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(57) ABSTRACT 

A method and system are provided to correct inaccuracies in 
touch location determination associated With mechanical 
distortion of the touch screen. Calibration parameters are 
provided for a touch screen characterizing an error in an 
expected touch signal associated With mechanical distortion 
of the touch screen. A force responsive touch signal having 
the error is detected and the touch location determined using 
the calibration parameters to correct the error in the touch 
signal. The calibration parameters are determined by apply 
ing mechanical distortion to the touch screen and charac 
teriZing the touch signal error associated With the mechani 
cal distortion. The calibration parameters are produced using 
the characterization of the touch signal error. 
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CALIBRATION OF FORCE BASED TOUCH PANEL 
SYSTEMS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a divisional of US. Ser. No. 
10/147,604, ?led May 17, 2002, noW allowed, the disclosure 
of Which is incorporated by reference in its entirety herein. 

FIELD OF THE INVENTION 

[0002] The present invention is directed generally to a 
touch sensing system, and more particularly to a method and 
system for calibrating a touch screen system for more 
accurate determination of the location of a touch on the 
touch screen. 

BACKGROUND 

[0003] Atouch screen offers a simple, intuitive interface to 
a computer or other data processing device. Rather than 
using a keyboard to type in data, a user can transfer 
information through a touch screen by touching an icon or 
by Writing or draWing on a screen. Touch screens are used 
in a variety of information processing applications. Trans 
parent touch screens are particularly useful for applications 
such as cellphones, personal data assistants (PDAs), and 
handheld or laptop computers. 

[0004] Various methods have been used to determine 
touch location, including capacitive, resistive, acoustic and 
infrared techniques. Touch location may also be determined 
by sensing the force of the touch through force sensors 
coupled to a touch surface. Touch screens that operate by 
sensing touch force have several advantages over other 
technologies mentioned above. First, force sensors do not 
require the touch surface to be composed of special mate 
rials that may inhibit optical transmission through the touch 
surface, as in a resistive touch sensor. 

[0005] Further, force sensors do not rely on a lossy elec 
trical connection to ground, as is required by a capacitive 
touch screen, and can be operated by a ?nger touch, gloved 
hand, ?ngernail or other nonconductive touch instrument. 
Unlike surface acoustic Wave technology, force sensors are 
relatively immune to accumulations of dirt, dust, or liquids 
on the touch surface. Finally, a force sensor is less likely to 
detect a close encounter With the touch surface as an actual 
touch, Which is a common problem With infrared touch 
screens. 

[0006] A force based touch screen may be built With a 
minimum of three force sensors spaced in a triangular 
pattern under a touch surface. Such an arrangement may 
provide signals suf?cient to determine the net perpendicular 
force and the tWo moments necessary to compute touch 
location. Touch screen devices also may be built With a 
larger number of sensors. Commonly, four corner sensors 
may be used, in part to harmonize With the symmetry of the 
rectangular touch surface typically required. Upon applica 
tion of a touch, the forces sensed by the touch screen sensors 
may be used to determine the touch location. HoWever, 
determination of the touch location may be affected by a 
number of factors in addition to the touch force. TWisting, 
squeezing or otherWise distorting the touch screen during a 
touch may cause inaccuracies in the touch location deter 
mination. 
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SUMMARY OF THE INVENTION 

[0007] In general terms, the present invention relates to a 
method and system for detecting the location of a touch on 
a touch sensor. Features of the present invention are par 
ticularly useful When combined With a microprocessor 
based system operating a display device enhanced by a 
transparent touch screen. 

[0008] In accordance With one embodiment of the present 
invention, a method for determining a touch location on a 
touch screen is provided. The touch screen is de?ned by a 
plurality of touch sensors disposed to measure a signal 
indicative of a touch force component that is perpendicular 
to a touch surface. The method includes providing calibra 
tion parameters for the touch screen acquired using the touch 
sensors and the touch surface. The calibration parameters 
characterize an error in an expected touch signal associated 
With mechanical distortion of the touch screen. A force 
responsive touch signal having the error is detected and 
touch location determined using the calibration parameters 
to compensate for the error. 

[0009] In another embodiment of the present invention, a 
method for calibrating a touch screen includes applying a 
mechanical distortion to the touch screen and detecting a 
force responsive touch signal arising from the mechanical 
distortion of the touch screen. Touch signal error associated 
With the mechanical distortion is characterized and calibra 
tion parameters are produced using the characterization of 
the touch signal error. 

[0010] In accordance With a further embodiment of the 
present invention, a touch screen system includes a touch 
surface, a plurality of force responsive touch sensors 
mechanically coupled to the touch surface and producing a 
sensor signal in response to a touch applied to the touch 
surface, and a control system couple to the touch sensors and 
receiving the sensor signals. The control system is con?g 
ured to provide calibration parameters for the touch screen 
acquired using the touch sensors and the touch surface. The 
calibration parameters characterize an error in an expected 
touch signal associated With mechanical distortion of the 
touch screen. The control system detects a force responsive 
touch signal having the error and determines a touch loca 
tion using the calibration parameters to compensate for the 
error in the touch signal. 

[0011] In yet another embodiment of the present inven 
tion, a touch screen display system includes a touch surface, 
a plurality of touch sensors, a control system and a display 
for displaying information through the touch screen system. 
The control system is con?gured to provide calibration 
parameters for the touch screen acquired using the touch 
sensors and the touch surface. The calibration parameters 
characterize an error in an expected touch signal associated 
With mechanical distortion of the touch screen. The control 
system detects a force responsive touch signal having the 
error and determines a touch location using the calibration 
parameters to compensate for the error in the touch signal. 

[0012] In another embodiment of the present invention, a 
touch screen calibration system comprises a mechanical 
distortion system for applying mechanical distortion to the 
touch screen, a detection system for detecting force respon 
sive sensor signals arising from the mechanical distortion, 
and a processor coupled to the detection system. The pro 
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cessor is con?gured to detect a force responsive touch signal 
arising from the mechanical distortion of the touch screen 
and characterize a touch signal error associated with the 
mechanical distortion of the touch screen. The processor is 
further con?gured to produce calibration parameters using 
the characterization of the touch signal error. 

[0013] A further embodiment of the present invention 
includes a system for determining a touch location on a 
touch screen. The touch screen is de?ned by a plurality of 
touch sensors mechanically coupled to a touch surface. The 
system includes means for providing touch screen calibra 
tion parameters acquired using the touch surface and the 
touch sensors, means for detecting a touch signal having the 
touch signal error, means for correcting the touch signal 
using the touch screen calibration, and means for determin 
ing the touch location using the corrected touch signal. The 
touch screen calibration parameters characterize a touch 
signal error associated with a mechanical distortion of the 
touch screen affecting a touch signal. 

[0014] In another embodiment of the present invention, a 
system for calibrating a touch screen is provided. The 
system includes means for applying mechanical distortion to 
the touch screen, means for detecting sensor signals asso 
ciated with the mechanical distortion, and means for cali 
brating the touch screen to compensate for the mechanical 
distortion. 

[0015] In a further embodiment of the present invention, a 
computer-readable medium is con?gured with executable 
instructions for causing one or more computers to perform 
a method for determining a touch location on a touch screen. 
The touch screen de?ned by a touch surface and a plurality 
of touch sensors disposed to measure a signal indicative of 
a touch force component that is perpendicular to the touch 
screen. The method for determining touch location includes 
providing calibration parameters for the touch screen 
acquired using the touch sensors and the touch surface, the 
calibration parameters characterizing an error in an expected 
touch signal associated with mechanical distortion of the 
touch screen, detecting a force responsive touch signal 
having the error; and determining the touch location using 
the calibration parameters to compensate for the error in the 
touch signal. 

[0016] Yet another embodiment of the present invention 
includes a computer-readable medium con?gured with 
executable instructions for causing one or more computers 
to perform a method of calibrating a touch screen. The 
method comprises applying mechanical distortion to the 
touch screen, detecting a force responsive touch signal 
arising from the mechanical distortion of the touch screen, 
characterizing a touch signal error associated with the 
mechanical distortion, the touch signal error arising in a 
force responsive touch signal, and producing calibration 
parameters using the characterization of the touch signal 
error. 

[0017] The above summary of the present invention is not 
intended to describe each illustrated embodiment or every 
implementation of the present invention. The ?gures and the 
detailed description which follow more particularly exem 
plify these embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] The invention may be more completely understood 
in consideration of the following detailed description of 
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various embodiments of the invention in connection with the 
accompanying drawings, in which: 

[0019] FIG. 1 schematically illustrates a perspective view 
of a touch screen with force sensors located at the corners of 
the touch screen in accordance with an embodiment of the 

invention; 
[0020] FIG. 2 schematically illustrates a cross-sectional 
view of a capacitive force sensor in accordance with an 
embodiment of the invention; 

[0021] FIG. 3 is a block diagram of a touch screen and 
touch screen control system in accordance with an embodi 
ment of the invention; 

[0022] FIG. 4 schematically illustrates a touch screen 
under torsion; 

[0023] FIG. 5 is a ?owchart conceptually illustrating a 
method for determining touch location using a characteriza 
tion of an error associated with distortion of the touch screen 
in accordance with an embodiment of the invention; 

[0024] FIG. 6 is a ?owchart conceptually illustrating a 
method for characterizing an error caused by distortion of 
the touch screen in accordance with an embodiment of the 

invention; 
[0025] FIG. 7 is a more detailed ?owchart conceptually 
illustrating a method for characterizing an error caused by 
distortion of the touch screen in accordance with an embodi 

ment of the invention; 

[0026] FIGS. 8A and 8B schematically illustrate a method 
of applying two different support strain con?gurations to a 
touch screen in accordance with an embodiment of the 

invention; 
[0027] FIGS. 9A and 9B schematically illustrate another 
method of applying two different support strain con?gura 
tions to a touch screen in accordance with an embodiment of 

the invention; 

[0028] FIG. 10 is a ?owchart of a method of determining 
a basic calibration of the touch screen in accordance with an 
embodiment of the invention; 

[0029] FIG. 11 is a ?owchart conceptually illustrating a 
method for characterizing an error caused by distortion of 
the touch screen computed in a single step from data 
responsive to both known forces and deliberately applied 
distortions in accordance with an embodiment of the inven 

tion; 
[0030] FIG. 12 is a block diagram of a touch screen 
calibration system in accordance with an embodiment of the 
invention; 
[0031] FIG. 13 is a block diagram of a data processing 
system using a touch sensing interface in accordance with an 
embodiment of the invention; 

[0032] FIG. 14 illustrates a touch screen controller in 
accordance with an embodiment of the invention; and 

[0033] FIG. 15 illustrates a touch screen calibration sys 
tem in accordance with an embodiment of the invention. 

[0034] The invention is amenable to various modi?cations 
and alternative forms. Speci?c embodiments of the inven 
tion have been shown by way of example in the drawings 
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and will be described in detail. It should be understood, 
however, that 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 scope of the invention as 
de?ned by the appended claims. 

DETAILED DESCRIPTION 

[0035] In the following description of the illustrated 
embodiments, references are made to the accompanying 
drawings which form a part hereof, and various embodi 
ments by which the invention may be practiced are shown by 
way of illustration. It is to be understood that other embodi 
ments may be utiliZed, and structural and functional changes 
may be made without departing from the scope of the 
present invention. 

[0036] As stated above, and for other reasons stated below 
which will become apparent upon reading the present speci 
?cation, there is a need for a method and a system for 
accurately determining the location of a ?nger touch or an 
instrument touch on a touch surface. There exists a further 
need for such a method and system that calculates touch 
location with correction for mechanical distortions applied 
to the touch screen during the time in which the touch 
location information is obtained to determine touch location. 

[0037] The present invention is applicable to touch sens 
ing techniques and is believed to be useful when features of 
the present invention are combined with a data processing 
system operating a display device enhanced by a transparent 
touch screen. For example, a touch screen of the present 
invention may be used in a desktop, handheld or laptop 
computer system, a point-of-sale terminal, personal data 
assistant (PDA), or a cell phone. Although described in 
combination with a microprocessor-based system, a touch 
screen device of the present invention may be combined 
with any logic-based system, if desired. 

[0038] The present invention provides for the accurate 
determination of a touch location on a force based touch 
screen in the presence of mechanical distortions of the touch 
screen. Atouch may be sensed by a number of touch sensors 
and represented by one or more touch signals. Accurate 
touch location determination involves measuring the mag 
nitudes of one or more touch signals during a touch on the 
touch screen. At the time the touch information is obtained 
to determine the touch location, the touch screen may be 
in?uenced by a number of factors, such as those caused by 
an operator twisting or squeezing the touch screen device. 
Such disturbances of the touch screen during a time the 
touch signal is being processed to determine the touch 
location may lead to inaccuracies in the calculated touch 
location. 

[0039] A perspective view of a rectangular touch screen is 
schematically illustrated in FIG. 1. A touch surface 100 is 
shown disposed proximate to force sensors located at 
respective corners of the touch surface 100. The touch 
surface 100 and force sensors 110, 120, 130, 140 are located 
within a touch screen housing (not shown). 

[0040] As a stylus, ?nger or other touching device 152 
presses the touch surface 100, a touch force 155 is exerted 
upon the touch surface 100 at the touch location 150. The 
touch force 155 creates forces F1, F2, F3, F4 on the force 
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sensors 110, 120, 130, 140 perpendicular to the touch 
surface 100. The force sensors 110, 120, 130, 140 may be 
driven with an alternating electrical signal. The perpendicu 
lar forces F1, F2, F3, F4 cause a change in the capacitance 
of the force sensors 110, 120, 130, 140, thereby causing the 
signal coupled through the force sensors 110, 120, 130, 140 
to change. The force responsive signals derived from the 
force sensors 110, 120, 130, 140 may be used to calculate 
touch location. Although the touch screen illustrated in FIG. 
1 is rectangular with sensors located at the comers, various 
con?gurations using three or more touch sensors with dif 
fering touch surface shapes may also be used. 

[0041] The sensors 110, 120, 130, 140, may be, for 
example, small capacitive force sensors constructed of two 
capacitor plates separated by a gap. A capacitive force sensor 
may be arranged so that when a touch force of suf?cient 
magnitude and direction is applied to the touch surface, one 
capacitor plate de?ects towards the second plate. The de?ec 
tion alters the distance between the capacitor plates, chang 
ing the capacitance of the sensor. The touch force may be 
measured by control system circuitry as a change in an 
alternating electrical signal applied to the touch sensor. One 
embodiment of a capacitive force sensor appropriate for use 
in touch screen applications is described in co-owned US. 
Patent Application, U.S. Ser. No. 09/835,040, ?led Apr. 13, 
2001, entitled “Method and Apparatus for Force-Based 
Touch Input” (US publication number 02-0l4957l-Al, pub 
lished Oct. 17, 2002), which is hereby incorporated herein 
by reference. 

[0042] A force sensor is appropriate for use with a liquid 
crystal display (LCD), cathode ray tube (CRT) or other 
electronic display, and is schematically illustrated in FIG. 2. 
In this particular embodiment, the sensor measures the 
applied force based on the change of capacitance of a 
capacitive element. A touch surface 210, or overlay, is 
located within a structure or housing 215. The touch surface 
210 is typically transparent to allow viewing of a display or 
other object through the touch surface. In other applications, 
the touch surface 210 can be opaque. 

[0043] The structure or housing 215 may be provided with 
a large central aperture through which the display may be 
viewed. If desired, the undersurface of the housing 215 may 
be seated directly against the surface of such a display, over 
the border surrounding its active area. In another embodi 
ment, as mentioned above, the overlay may be replaced by 
a structure including a display unit, such as an LCD. 

[0044] A capacitive sensor 220 may be positioned between 
the touch surface 210 and the housing 215. An interconnect 
225, with attachment lands 233, may be coupled to the 
housing 215 by soldering, cementing, or by other methods. 
A conductive area forms a ?rst conductive element 234 on 
the interconnect 225. A second conductive element 235 with 
a central protrusion 240, for example a dimple, may be 
attached to the lands 233 of the interconnect 225 by solder 
ing, for example. A small gap 280 is formed between the ?rst 
conductive element 234 and the second conductive element 
235, either by the shape of the second conductive element 
235, or by the process of attaching the second conductive 
element 235 to the interconnect 225. The width of the gap 
280 may be approximately 1 mil, for example. A capacitor 
is formed by the conductive elements 234, 235 separated by 
the gap 280. 
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[0045] An optional bearing surface 270 may be interposed 
between the touch surface 210 and the second conductive 
element 235. This may protect the underside of touch 
surface from indentation or from damage by the protrusion 
240, especially in cases Where the overlay is made of softer 
material. The bearing surface 270 may also mount to the 
touch surface 210 through a thin layer (not shoWn) of 
elastomer or of highly pliable adhesive, thereby providing a 
lateral softening function. It Will be appreciated that, in 
normal operation, the touch surface 210 or bearing surface 
270 is in contact With the protrusion 240: these elements are 
shoWn separated only for clarity in the illustration. 

[0046] The second conductive element 235 combines the 
functions of a spring and a capacitor plate. As a perpendicu 
lar force is applied to the touch surface 210, the second 
conductive element 235 ?exes, decreasing the Width of the 
gap 280 and increasing the capacitance of the sensor 220. 
This change in capacitance may be measured and related to 
the force applied to the touch surface 210. Although a touch 
screen using capacitive force sensors is described, other 
types of force sensors may be used in a similar manner, 
including, for example, pieZoelectric sensors and strain 
gauge sensors. 

[0047] One of the advantages of a force-based touch 
screen is that the number of optically distinct layers posi 
tioned betWeen the display unit and the user is loW. Typi 
cally, the overlay positioned over the display unit is a single 
layer of glass or relatively stilf polymer, for example poly 
carbonate or the like, Which may be chosen for suitable 
optical qualities. This contrasts With other types of touch 
screen, such as resistive or capacitive touch screens, that 
require several, potentially optically lossy, layers over the 
display unit. The electrically conductive thin ?lms required 
in resistive or capacitive touch screens typically have a high 
index of refraction, leading to increased re?ective losses at 
the interface. This is a particular problem in resistive screens 
Where there are additional solid/air interfaces and Where 
antire?ection coatings are not useful, since the conductive 
layers must be able to make physical contact. A screen 
overlay for a force-based touch screen, hoWever, has only its 
upper and loWer surfaces; these may be treated to reduce 
re?ective losses and to reduce glare. For example, the 
overlay may be provided With matte surfaces to reduce 
specular re?ection, and/or may be provided With anti-re?ec 
tion coatings to reduce re?ective losses. 

[0048] Touch signals representing the force of a touch 
acting on the touch screen are produced by one or more 
touch sensors coupled to a touch surface of the touch screen. 
A touch signal may be derived from a single sensor, or by 
combining sensor signals from tWo or more touch sensors. 
Determination of a touch location involves analyZing the 
sensor signals produced by the touch sensors. A tap touch in 
a single location characteristically produces a touch signal 
that increases in magnitude as the touch is applied and then 
decreases in magnitude as the touch is removed. A touch 
may be a continuing touch Wherein the touch remains on the 
touch surface for a period of time. For example, the touch 
may be present in a single location for a period of time. 
Further, the touch may be a “streaming touch,” Wherein the 
touch is applied at one location, moved across the surface of 
the touch screen, and removed at another location, causing 
the generation of a continuously changing signal at each 
sensor. 
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[0049] Calculation of the touch location at any time, t, 
may be performed, for example in a four sensor screen, 
using combinations of the force responsive sensor signals 
fl (t), f2(t), f3(t), f4(t). The force responsive signals generated 
by the touch sensors may be used to calculate various touch 
signals, including the moment about the y-axis, MY(t), 
moment about the x-axis, Mx(t), and the total Z-direction 
force, FZ(t). The coordinates of the touch location may be 
determined from the touch sensor signals, as provided in 
Equation 1. Assuming a reference point in the center of the 
touch screen, a perfectly rigid touch surface, ideal condi 
tions, With no errors, background ?uctuations or distur 
bances present other than the touch force. The force and 
moments employed in Equation 1 may be evaluated as in 
Equation 1 b. 

MYU) [1] 
F20) 

[0050] Where, for this particular case, 

Fz(l)=f1(l)+/3(l)+/3(l)+?1(l)- [1b] 

[0051] The sensor signals are directed to a control system 
that determines a touch location from the force responsive 
sensor signals. FIG. 3 schematically illustrates a block 
diagram of a touch screen 300 and touch screen control 
system 350 arranged in functional blocks in accordance With 
the principles of the present invention. It Will be appreciated 
that there exist many possible con?gurations in Which these 
functional blocks may be arranged. The example depicted in 
FIG. 3 is one possible functional arrangement. 

[0052] In the exemplary embodiment illustrated in FIG. 3, 
a touch surface 305 is con?gured proximate to four force 
sensors 301, 302, 303, 304 arranged at the respective corners 
of the touch surface 305. The touch surface 305 and force 
sensors 301, 302, 303, 304 are arranged in a touch screen 
housing (not shoWn). The sensors 301, 302, 303, 304 may be 
chosen from a variety of sensing technologies, including 
capacitive, pieZoelectric and strain gauge sensors. The sen 
sors 301, 302, 303, 304 measure the force of a touch detected 
at the sensor locations and are coupled to drive/sense 
circuitry 310, 320, 330, 340 located Within the control 
system 350. Alternatively, some components of the drive/ 
sense circuitry may be located near the corresponding sen 
sor. An energiZing signal developed in the drive circuitry 
312, 322, 332, 342 for each sensor is used to energiZe the 
sensors 301,302, 303, 304. Each sensor 301,302, 303, 304 
produces a touch force signal corresponding to a touch force 
applied to the sensor through the touch surface 305. The 
touch force signal developed by each sensor 301, 302, 303, 
304 is detected by sense circuitry 311, 321, 331, 341 located 
Within the control system 350. 

[0053] Analog voltages representing the touch force at 
each sensor location are produced by the sense circuitry 311, 
321, 331, 341. The analog voltages are sampled and multi 
plexed by the sampling circuitry 360 at a rate su?icient to 
acquire an adequate representation of the force responsive 
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sensor signals for determining touch presence and location. 
The sampled signals are digitized by an analog to digital 
(A/D) converter 370. The digitiZed sensor signals are 
directed to processor circuitry 380. The processor circuitry 
380 performs calculations to determine a touch location. The 
processor circuitry 380 may also include ?ltering circuitry 
382 for signal conditioning and memory circuitry 386 for 
storage of touch signal values. The processor circuitry 380 
may also include one or more timers 384 for determining 
various interval and delay timing of the touch signal asso 
ciated With determination of the preferred time for making 
the touch location measurement. The processor circuitry 380 
may perform a number of additional control system func 
tions, including controlling the touch signal sampling cir 
cuitry 360, the multiplexer circuitry 360, and the A/D 
converter 370. 

[0054] It may be found advantageous to implement the 
touch screen control system 350, or its equivalent, on a 
single mixed-mode integrated circuit chip. In such an imple 
mentation, it may be advantageous to replace sampling 
circuitry 360 and A/D converter 370 With a set of delta 
sigma converters operating in parallel, one for each signal 
channel. 

[0055] Consider a force touch screen in a thin portable 
device, such as a PDA. Take the case to be one Wherein the 
device is roughly rectangular in outline, With a rectangular 
touch surface supported by four force sensors near the 
corners as depicted in FIG. 4. While one hand holds a stylus 
to apply touches to the surface, the opposite hand may be 
holding the device against a table, or grasping it free of any 
surface support. Uneven pressure from this opposite hand 
may serve to tWist the enclosure, leading to a pattern of 
forces, such as, for example, F1, F2, F3, and F4 applied to 
the enclosure at or near its comers. This causes a torsional 

distortion of the touch screen device, such that a line along 
one edge 410 of the device tends to move very slightly out 
of parallel With an opposing edge 420. The touch surface 
Will, to some degree, resist folloWing this distortion of the 
support structure of the touch screen, such that the forces in 
one diagonally opposing pair of force sensors, located at 
diagonally opposing comers 402 and 403 become less 
positive (or more negative), While the forces located at 
corners 401 and 404 change by an equal amount in the 
opposite sense. 

[0056] While the grasping or restraining hand applies a 
force of perhaps 100 grams doWnWard on opposing device 
corners 402, 403, equilibrium may be sustained by equal 
upWard reaction forces at the other tWo corners 401, 404. 
Since a substantial portion of the entire device sti?‘ness may 
reside in the touch overlay, the torsional force applied to it 
through the sensors may be a substantial portion of the total 
applied to the device. If this portion is one-quarter, for 
instance, then the sensors in this example may each expe 
rience + or —25 grams of torsionally applied force. At the 
same time, a 20-gram touch force applied to the center of the 
screen should appear as a 5-gram addition to each sensor. 
The force from the restraining hand may ?uctuate rapidly. 
The signal resulting from the touch force, indicating the 
touch location, then, may be several times smaller than a 
simultaneously present ?uctuating interference. 

[0057] In a second example, consider a public-access 
display equipped With a robust, vandal-resistant touch 
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screen. Such a screen may be very thick and rigid. The 
Weight of moving equipment, the pressure of Wind on the 
building, or even the Weight of passing footsteps may cause 
small torsional distortions in a kiosk-type or Wall mounted 
enclosure. The result may again be a signi?cant and varying 
torsional force pattern applied to the sensors. 

[0058] Di?iculties of the sort just discussed may arise 
Whenever a force-based touch location is to be derived from 
a surface supported on more than three sensors. Although 
touch location may be determined using a minimum of three 
force sensors, certain advantages may mandate the use of a 
larger number. Additional points of support for the touch 
surface, for example, may prevent it from ?exing exces 
sively in response to touch forces. Conversely, to the extent 
that the support structure beneath the touch screen ?exes, 
sensor connections beyond the third sensor may serve to 
constrain the touch surface to ?ex in concert. Both of these 
effects reduce relative motion betWeen the edges of the touch 
surface and any surrounding frame or beZel, and betWeen the 
touch surface structure in general and the structures beloW. 
There may be seals, preload springs, or other connections 
running betWeen the touch surface and the larger device that 
shunt varying forces around the force sensors in response to 
such relative motion. As these unmeasured shunt forces may 
lead to errors in force location, their reduction can be 
advantageous. Reduction is achieved, hoWever, by passing 
forces tending to distort one structure, into another through 
the force sensors. This may itself become a source of 
inaccuracies. 

[0059] With three force sensors, each combination of 
position and perpendicular touch force may be associated 
With a speci?c set of sensor values. When more than three 
sensing connections support a touch surface structure, hoW 
ever, there is no longer a one-to-one relationship betWeen 
touch locations and sensor response patterns. The division of 
perpendicular touch force among more than three sensors is 
a statically indeterminate problem, and the many different 
possible response patterns for a given touch are seen to result 
from different patterns of device strain. 

[0060] In an idealiZed situation Where the support struc 
ture and touch screen are perfectly rigid, strain patterns 
Within the touch surface structure and support structure 
remain constant throughout the course of a touch. In this 
idealiZed situation of perfect rigidity, the change in sensor 
outputs from a moment before a touch to one during it Would 
be characteriZed by a single ?xed pattern as With the case of 
only three sensors. In this situation, the relative magnitudes 
of the different sensor output changes Would depend only on 
the location touched. Touch location may be computed from 
such pre-touch to during-touch changes. Assuming, then, 
that forces from internal strain are not excessive for the force 
sensors, it is seen that the assumption of perfect rigidity 
simpli?es the calculation of touch location. 

[0061] Slightly ?exible structures may, hoWever, be more 
practical or more cost effective. Such ?exible structures may 
change strain pattern during the course of a touch, due either 
to the stress of the touch force itself, or due to independently 
changing stresses applied to the support structure. 

[0062] In an ideally calibrated force-touch screen With 
someWhat ?exible structure, the total force signal and tWo 
moment signals needed for touch location computation are 
formed from precise linear combinations of the sensor 
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outputs, these combinations having the property of cancel 
ing exactly to report zero total force and moment values for 
patterns of perpendicular sensor force arising from indeter 
minacy and device ?exure. The coe?icients employed for 
such combinations, at Whatever level of accuracy achieved, 
may be termed a “calibration” for the touch screen in 
question. A fully accurate calibration may re?ect the exact 
locations and sensitivities of the force sensors, along With 
any electronic sensitivities or cross-talk. Imprecise calibra 
tion values may lead to location errors. Those resulting from 
varying mechanical distortion of the touch screen may be 
unexpectedly large, and may bene?t from special attention 
in the calibration process. For clarity in the discussion 
beloW, a calibration prepared Without special attention to 
potential inaccuracies from distortion Will be termed a 
“basic calibration”. 

[0063] For a force-based touch screen With n sensors, Let 

vector ?(t) represent the set of all sensor values at time t 
collected together into a list in a predetermined order: 

KIM/1(1). - - no] [2] 

[0064] The variable t may be taken to be the continuous 
valued time, or the discrete-valued sample number, to Which 
the data correspond, as convenient. 

[0065] The coe?icients of combination comprising the 

calibration may also be collected together into vectors OZ, 

OY, and OX: 
OZ=[cZ1, . . . cZn] 

OY=[cYl, . . . cYn] 

€X=[CXI> - - - cXn] [3] 

[0066] These associate the proper Weights With the sensor 
channels, such that: 

[0067] Where FZ(t) represents the perpendicular compo 
nent of total touch force, MY(t) represents the moment of the 
touch force about the desired Y-axis, and MX(t) represents 
the moment of the touch force about the desired X-axis. The 
desired axes in question are those of that coordinate grid, 
lying in the touch plane, With respect to Which touch location 
is to be reported. The units in Which MY(t) and MX(t) are 
represented may be any convenient choice, and may be 
different for the tWo axes. In particular, they may be chosen 
such that ?nal touch coordinates may be computed directly 
using Equation 1, repeated beloW for convenience: 

Xv): MYU) [1] 
F20) 

MXU) 
FZU) 

m) = 

[0068] These coordinates may normally be calculated and 
reported only at times When the magnitude of FZ(t) is such 
as to indicate the presence of a deliberate touch that is strong 
enough to be accurately located. Only one touch location 
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may be reported, or many successive locations may be 
reported for a continuing touch. 

[0069] When there are more than three sensors, the vectors 

OZ, OY, and OX alloW for n-3 additional vectors mutually 
orthogonal to these and to each other. These additional 
vectors may be added in arbitrary proportion to an existing 
set of sensor outputs Without changing a computed touch 
location. Furthermore, if the calibration vectors are perfectly 
accurate, these additional vectors may correspond to distinct 
patterns of perpendicular sensor force associated With static 
indeterminacy, Whereby such indeterminacy forces need not 
cause error. In particular, When n=4, the single such vector 
may correspond to overall torsional ?exure of the device. 
HoWever, if the calibration vectors are not perfectly accu 
rate, this one orthogonal vector may not exactly match the 
sensor output from torsion. Then ?uctuating torsion, espe 
cially arising from potentially large forces applied to the 
support structure, may lead to location errors. 

[0070] One aspect of the present invention is directed to 
reducing the effect of mechanical distortions of the touch 
screen, such as torsion, on the determination of the touch 
location on the touch screen. Mechanical distortions of the 
touch screen may arise from the exemplary situations dis 
cussed above, or from other mechanical distortions affecting 
the accuracy of the touch location measurement. FIG. 5 
illustrates, in broad and general terms, a method of reducing 
the effect of mechanical distortion of the touch screen to 
increase touch location accuracy. Calibration parameters 
acquired using the touch surface and the touch sensors are 
provided 510. The calibration parameters characterize an 
error in an expected touch signal associated With mechanical 
distortion of the touch screen. A touch signal having the 
error is detected 520. The touch location is determined using 
the calibration parameters to compensate for the error in the 
touch signal 530. 

[0071] Another aspect of present invention is directed to a 
method and system for characterizing the effect of mechani 
cal distortions on the touch signal. FIG. 6 illustrates, in 
broad and general terms, a method for determining calibra 
tion parameters characterizing the effect of mechanical 
distortion on the touch screen. One or more deliberate 

mechanical distortions are applied to the touch screen 610. 
The force responsive touch signals arising from the 
mechanical distortion of the touch screen are detected 620. 
The touch signal error associated With the mechanical dis 
tortion is characterized 630. Calibration parameters are 
produced using the characterization of the touch signal error 
640. 

[0072] In accordance With one approach, a method for 
characterizing the error associated With touch screen torsion 
is conceptually illustrated in the ?owchart of FIG. 7. Abasic 
calibration may be obtained in addition to the characteriza 
tion of the mechanical distortion. The basic calibration may 
be calculated from either the nominal sensor locations and 
sensitivities of the touch screen design, or from sensor 
locations and sensitivities measured on a unit by unit basis. 

[0073] Following basic calibration, tWo sets of force sen 
sor output values are accumulated, corresponding to two 
different states of torsion. Both are accumulated While no 
force is externally applied to the touch surface. The differ 
ences formed by subtracting the second set of sensor output 
















