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A method includes identitying a value of at least one param-
eter of a portable electronic device. A touch threshold is
modified based on the value of the at least one parameter,
yielding a modified touch threshold. A touch is detected on a
touch-sensitive device and a first function is performed when
the touch meets the modified touch threshold.

[ =

604

[a GHI |

(7 PQRS]

1

[* 0

IPR2020-01287

Apple EX1009 Page 1



Patent Application Publication  Oct. 13,2011 Sheet 1 of 4 US 2011/0248948 A1

134 132
100 AN yd

OTHER SHORT-RANGE
SUBSYSTEMS COMMUNICATIONS

136
AN

146 130

N | ACCELEROMETER |4 < MICROPHONE 1/128
OPERATING| ™\ 110 <» speaker |

SYSTEM 126
MEMORY «4» DATAPORT |/

: | 124
€»| AUXILIARY 1/0 H}/

PROGRAMS MAIN 122
e RaeaL o [ P{FORCE sEnsOR)”

120
ACTUATOR |~

:

.
148/ 106 4] CONTROLLER |\116

COMMUNICATION| o i [ i
| SUBSYSTEM i OVERLAY \114 i
104 > <P DISPLAY N\_ i
e sl — 12 |

102 \118

150

i

POWER
SIM/RUIM SOURCE

\138 142 /

FIG. 1

IPR2020-01287
Apple EX1009 Page 2



Patent Application Publication  Oct. 13,2011 Sheet 2 of 4 US 2011/0248948 A1

100
206
120 118 112 114 120 216
e e e —
]
212210 2047 202 2087
FIG. 2
302
100
206
120 118 112 114 120 216
[T Il |
|
212 210 204 202 208'/
FIG. 3
404 ~ 408~ 120 212
[ 4
FIG. 4
/
/
406 4027 406 210
122
404 ~ 408~ 120 212

FIG. 5 — —7 |
]

406 402~

406 210

IPR2020-01287
Apple EX1009 Page 3



Patent Application Publication  Oct. 13,2011 Sheet 3 of 4 US 2011/0248948 A1

606
Ny

y sl

[MEnU] 2D |

FIG. 6

YES

/ 704

IDENTIFY VALUES
OF PARAMETERS

708

/

MODIFY YES

MODIFY

THRESHOLD THRESHOLD
?
EXCEED
THRESHOLD
?
/712
FIG. 7 PERFORM

FUNCTION(S)

IPR2020-01287
Apple EX1009 Page 4



Patent Application Publication  Oct. 13,2011 Sheet 4 of 4 US 2011/0248948 A1

A TOUCH
MAXL- THRESHOLD

MIN

P1 P2 P3 P4 P5 P6 P7 TIME

A TOUCH
MAX T THRESHOLD

904

\ 902

MIN —+

P11 P12 P13 P14 P15 TIME

FIG. 9

IPR2020-01287
Apple EX1009 Page 5



US 2011/0248948 Al

TOUCH-SENSITIVE DEVICE AND METHOD
OF CONTROL

FIELD OF TECHNOLOGY

[0001] The present disclosure relates to electronic devices,
including but not limited to, portable electronic devices hav-
ing touch-sensitive devices and their control.

BACKGROUND

[0002] Electronic devices, including portable electronic
devices, have gained widespread use and may provide a vari-
ety of functions including, for example, telephonic, electronic
messaging and other personal information manager (PIM)
application functions. Portable electronic devices include, for
example, several types of mobile stations such as simple
cellular telephones, smart telephones, wireless personal digi-
tal assistants (PDAs), and laptop computers with wireless
802.11 or Bluetooth capabilities.

[0003] Portable electronic devices such as PDAs or smart
telephones are generally intended for handheld use and ease
of portability. Smaller devices are generally desirable for
portability. A touch-sensitive display, also known as a touch-
screen display, is particularly useful on handheld devices,
which are small and have limited space for user input and
output. The information displayed on the touch-sensitive dis-
plays may be modified depending on the functions and opera-
tions being performed. With continued demand for decreased
size of portable electronic devices, touch-sensitive displays
continue to decrease in size.

[0004] Improvements in devices with touch-sensitive
devices are desirable.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1 is a block diagram of a portable electronic
device in accordance with the disclosure.

[0006] FIG. 2 is a sectional side view of a portable elec-
tronic device with piezoelectric actuators in accordance with
the disclosure.

[0007] FIG. 3 is a sectional side view of a portable elec-
tronic device with a depressed touch-sensitive display in
accordance with the disclosure.

[0008] FIG. 4 is a sectional side view of a piezoelectric
actuator in accordance with the disclosure.

[0009] FIG. 5 is a sectional side view of a piezoelectric
actuator with a force sensor in accordance with the disclosure.
[0010] FIG. 6 is a front view of a portable electronic device
having a touch-sensitive display in accordance with the dis-
closure.

[0011] FIG. 7 is a flowchart illustrating a method of modi-
fying a touch threshold in accordance with the disclosure.
[0012] FIG. 8 is a graph illustrating various values of a
touch threshold over time in accordance with the disclosure.
[0013] FIG. 9 is a graph illustrating various values of two
touch thresholds over time in accordance with the disclosure.

DETAILED DESCRIPTION

[0014] The following describes an apparatus for and
method of modifying a touch threshold. Values of one or more
parameters may be utilized to modify one or more touch
thresholds. The touch threshold(s) may be used, for example,
to trigger performance of functions, such as provision of
tactile feedback.
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[0015] For simplicity and clarity of illustration, reference
numerals may be repeated among the figures to indicate cor-
responding or analogous elements. Numerous details are set
forth to provide an understanding of the embodiments
described herein. The embodiments may be practiced without
these details. In other instances, well-known methods, proce-
dures, and components have not been described in detail to
avoid obscuring the embodiments described. The description
is not to be considered as limited to the scope of the embodi-
ments described herein.

[0016] The disclosure generally relates to an electronic
device, which is a portable electronic device in the embodi-
ments described herein. Examples of portable electronic
devices include mobile, or handheld, wireless communica-
tion devices such as pagers, cellular phones, cellular smart-
phones, wireless organizers, personal digital assistants, wire-
lessly enabled notebook computers, and so forth. The
portable electronic device may also be a portable electronic
device without wireless communication capabilities, such as
ahandheld electronic game device, digital photograph album,
digital camera, or other device.

[0017] A block diagram of an example of a portable elec-
tronic device 100 is shown in FIG. 1. The portable electronic
device 100 includes multiple components, such as a processor
102 that controls the overall operation of the portable elec-
tronic device 100. Communication functions, including data
and voice communications, are performed through a commu-
nication subsystem 104. Data received by the portable elec-
tronic device 100 is decompressed and decrypted by a
decoder 106. The communication subsystem 104 receives
messages from and sends messages to a wireless network
150. The wireless network 150 may be any type of wireless
network, including, but not limited to, data wireless networks,
voice wireless networks, and networks that support both
voice and data communications. A power source 142, such as
one or more rechargeable batteries or a port to an external
power supply, powers the portable electronic device 100.
[0018] The processor 102 interacts with other components,
such as Random Access Memory (RAM) 108, memory 110,
a display 112 with a touch-sensitive overlay 114 operably
connected to an electronic controller 116 that together com-
prise a touch-sensitive display 118, one or more actuators
120, one or more force sensors 122, an auxiliary input/output
(I/O) subsystem 124, a data port 126, a speaker 128, a micro-
phone 130, short-range communications 132, and other
device subsystems 134. User-interaction with a graphical
user interface is performed through the touch-sensitive over-
lay 114. The processor 102 interacts with the touch-sensitive
overlay 114 via the electronic controller 116. Information,
such as text, characters, symbols, images, icons, and other
items that may be displayed or rendered on a portable elec-
tronic device, is displayed on the touch-sensitive display 118
via the processor 102. The processor 102 may interact with an
accelerometer 136 that may be utilized to detect direction of
gravitational forces or gravity-induced reaction forces.
[0019] To identify a subscriber for network access, the por-
table electronic device 100 uses a Subscriber Identity Module
or a Removable User Identity Module (SIM/RUIM) card 138
for communication with a network, such as the wireless net-
work 150. Alternatively, user identification information may
be programmed into memory 110.

[0020] Theportable electronic device 100 includes an oper-
ating system 146 and software programs or components 148
that are executed by the processor 102 and are typically stored
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in a persistent, updatable store such as the memory 110.
Additional applications or programs may be loaded onto the
portable electronic device 100 through the wireless network
150, the auxiliary I[/O subsystem 124, the data port 126, the
short-range communications subsystem 132, or any other
suitable subsystem 134.

[0021] A received signal such as a text message, an e-mail
message, or web page download is processed by the commu-
nication subsystem 104 and input to the processor 102. The
processor 102 processes the received signal for output to the
display 112 and/or to the auxiliary /O subsystem 124. A
subscriber may generate data items, for example e-mail mes-
sages, which may be transmitted over the wireless network
150 through the communication subsystem 104. For voice
communications, the overall operation of the portable elec-
tronic device 100 is similar. The speaker 128 outputs audible
information converted from electrical signals, and the micro-
phone 130 converts audible information into electrical signals
for processing.

[0022] Thetouch-sensitive display 118 may be any suitable
touch-sensitive display, such as a capacitive, resistive, infra-
red, surface acoustic wave (SAW) touch-sensitive display,
strain gauge, optical imaging, dispersive signal technology,
acoustic pulse recognition, and so forth, as known in the art.
A capacitive touch-sensitive display includes a capacitive
touch-sensitive overlay 114. The overlay 114 may be an
assembly of multiple layers in a stack including, for example,
a substrate, a ground shield layer, a barrier layer, one or more
capacitive touch sensor layers separated by a substrate or
other barrier, and a cover. The capacitive touch sensor layers
may be any suitable material, such as patterned indium tin
oxide (ITO).

[0023] One or more touches, also known as touch contacts
or touch functions, may be detected by the touch-sensitive
display 118. The processor 102 may determine attributes of
the touch, including a location of a touch. Touch location data
may include an area of contact or a single point of contact,
such as a point at or near a center of the area of contact. A
signal is provided to the controller 116 in response to detec-
tion of a touch. A touch may be detected from any suitable
object, such as a finger, thumb, appendage, or other items, for
example, a stylus, pen, or other pointer, depending on the
nature of the touch-sensitive display 118. The controller 116
and/or the processor 102 may detect a touch by any suitable
contact member on the touch-sensitive display 118. Multiple
simultaneous touches may be detected.

[0024] The actuator(s) 120 may be depressed by applying
sufficient force to the touch-sensitive display 118 to over-
come the actuation force of the actuator 120. The actuator 120
may be actuated by pressing anywhere on the touch-sensitive
display 118. The actuator 120 may provide input to the pro-
cessor 102 when actuated. Actuation of the actuator 120 may
result in provision of tactile feedback. Various different types
of actuators 120 may be utilized, including, for example,
piezoelectric actuators, dome-type switches, hydraulic actua-
tors, electromechanical actuators, and so forth. When force is
applied, the touch-sensitive display 118 is depressible, pivot-
able, and/or movable.

[0025] A sectional side view of a portable electronic device
100 with piezoelectric (“piezo”) actuators 120 is shown in
FIG. 2. The cross section is taken through the centers of the
actuators 120. The portable electronic device 100 includes a
housing 202 that encloses components such as shown in FIG.
1. The housing 202 may include a back 204 and a frame 206
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that houses the touch-sensitive display 118. Sidewalls 208
extend between the back 204 and the frame 206. A base 210
extends between the sidewalls 208, generally parallel to the
back 204, and supports the actuators 120. The display 112 and
the overlay 114 are supported on a support tray 212 of suitable
material, such as magnesium. Spacers 216 may be located
between the support tray 212 and the frame 206. The spacers
216 may advantageously be flexible and may also be compli-
ant or compressible, and may comprise gel pads, spring ele-
ments such as leaf springs, foam, and so forth.

[0026] The touch-sensitive display 118 is moveable and
depressible with respect to the housing 202. A force 302
applied to the touch-sensitive display 118 moves, or
depresses, the touch-sensitive display 118 toward the base
210, and when sufficient force is applied, the actuator 120 is
depressed or actuated as shown in FIG. 3. The touch-sensitive
display 118 may also pivot within the housing to depress the
actuator 120. The actuators 120 may be actuated by pressing
anywhere on the touch-sensitive display 118. The processor
102 receives a signal when the actuator 120 is depressed or
actuated.

[0027] A sectional side view of a piezo actuator 120 is
shown in FIG. 4. The actuator 120 may comprise one or more
piezo devices or elements 402. The cross-section of FIG. 4 is
taken through the center of one of the piezo actuators 120
utilized in this example. The piezo actuator 120 is shown
disposed between the base 210 and the touch-sensitive dis-
play 118. The piezo actuator 120 includes a piezoelectric
element 402, such as a piezoelectric ceramic disk, fastened to
a substrate 404, for example, by adhesive, lamination, laser
welding, and/or by other suitable fastening method or device.
The piezoelectric material may be lead zirconate titanate or
any other suitable material. Although the piezo element 402 is
a ceramic disk in this example, the piezoelectric material may
have any suitable shape and geometrical features, for example
a non-constant thickness, chosen to meet desired specifica-
tions.

[0028] The substrate 404, which may also be referred to as
a shim, may be comprised of a metal such as nickel or any
other suitable material such as, for example, stainless steel,
brass, and so forth. The substrate 404 bends when the piezo
element 402 contracts diametrically, as a result of build up of
charge at the piezo element 402 or in response to a force, such
as an external force applied to the touch-sensitive display 118.
[0029] The substrate 404 and piezo element 402 may be
suspended or disposed on a support 406 such as a ring-shaped
frame for supporting the piezo element 402 while permitting
flexing of the piezo actuator 120 as shown in FIG. 4. The
supports 406 may be disposed on the base 210 or may be part
of or integrated with the base 210, which may be a printed
circuit board. Optionally, the substrate 404 may rest on the
base 210, and each actuator 120 may be disposed, suspended,
or preloaded in an opening in the base 210. The actuator 120
is not fastened to the support 406 or the base 210 in these
embodiments. The actuator 120 may optionally be fastened to
the support 406 through any suitable method, such as adhe-
sive or other bonding methods.

[0030] A pad 408 may be disposed between the piezo
actuator 120 and the touch-sensitive display 118. The pad 408
in the present example is a compressible element that may
provide at least minimal shock-absorbing or buffering pro-
tection and may comprise suitable material, such as a hard
rubber, silicone, and/or polyester, and/or may comprise other
materials such as polycarbonate. The pad 408 may provide a
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bumper or cushion for the piezo actuator 120 as well as
facilitate actuation of the piezo actuator 120 and/or one or
more force sensors 122 that may be disposed between the
piezo actuators 120 and the touch-sensitive display 118. The
pad 408 does not substantially dampen the force applied to or
on the touch-sensitive display 118. The pad 408 is advanta-
geously aligned with a force sensor 122. When the touch-
sensitive display 118 is depressed, the force sensor 122 gen-
erates a force signal that is received and interpreted by the
processor 102. The pads 408 facilitate the focus of forces
exerted on the touch-sensitive display 118 onto the force
sensors 122. The pads 408 transfer forces between the touch-
sensitive display 118 and the actuators 120, whether the force
sensors 122 are above or below the pads 408. The pads 408 are
advantageously flexible and resilient, and facilitate provision
of'tactile feedback from the actuators 120 to the touch-sensi-
tive display 118.

[0031] An optional force sensor 122 may be disposed
between the piezo actuator 120 and the touch-sensitive dis-
play 118 as shown in FIG. 5. The force sensor 122 may be
disposed between the touch-sensitive display 118 and the pad
408 or between the pad and the piezo actuator 120, to name a
few examples. The force sensors 122 may be force-sensitive
resistors, strain gauges, piezoelectric or piezoresistive
devices, pressure sensors, or other suitable devices. Force as
utilized throughout the specification, including the claims,
refers to force measurements, estimates, and/or calculations,
such as pressure, deformation, stress, strain, force density,
force-area relationships, thrust, torque, and other effects that
include force or related quantities. A piezoelectric device,
which may be the piezo element 402, may be utilized as a
force sensor.

[0032] A touch threshold is a value associated with a touch,
such that when a value of a touch meets the touch threshold,
a function is performed. A value meets a threshold when the
value is at or beyond the threshold. A touch threshold value
may be a value of a characteristic of a touch, for example, a
force imparted by a touch on the touch-sensitive display, a
displacement distance of at least a part of the touch-sensitive
display 118, an area of contact of a touch, a time duration of
a touch, and so forth, or any combination thereof. For
example, when the touch threshold is a force value, that force
threshold may reflect, for example, the force of a touch that
actuates the actuator(s) 120 or a force measured or detected
by a force sensor 122, which force may be interpreted by the
processor 102 to meet the touch threshold. A touch threshold
may be a single unit-less value that is a combination of two or
more values related to the touch, e.g., duration and force.
Multiple touch thresholds may be applicable for a touch, and
different values of touch thresholds may be associated with
different functions or input. For example, a force below a first
force threshold may result in panning an image, a force above
the first force threshold and below a second force threshold
may result in zooming on the image, and a force above the
second force threshold may result in displaying the image in
a default or initial state. Different touch thresholds may be
associated with different touch characteristics. For example, a
touch that has a contact area between a first size and a second
size may trigger highlighting of a selection option; when the
touch duration meets a time threshold, a different selection
option is highlighted; and when the force of the touch exceeds
a force threshold, tactile feedback is provided and the cur-
rently highlighted selection option is selected. Other combi-
nations are possible.
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[0033] Touch thresholds are modifiable and may be based
on the values of any number of parameters, as described
below. Baseline or default touch thresholds are advanta-
geously established, e.g., based on the application, whether or
not a keyboard 604 is utilized, and so forth. Baseline thresh-
olds may be established, for example, to reduce inadvertent
input, e.g., selections resulting when the portable electronic
device 100 is carried in a pocket or bag, for instance. For
example, a touch threshold related to contact area for a touch
may be set to disregard touches individually or cumulatively
larger than a given area that may suggest normal operation is
not occurring. A threshold related to a number of simulta-
neous touches on the touch-sensitive display, e.g. five or
more, may be considered too many for normal operation, and
such touches may be disregarded by the device 100. The
portable electronic device 100 may include a training
sequence during which the user is prompted to apply various
touches to the touch-sensitive display 118, for example,
entering characters via virtual keys 604, typing quickly, draw-
ing shapes, and other touch actions that provide training infor-
mation. The device 100 collects data from the touches to
establish at least one baseline for one or more touch thresh-
olds. A touch threshold may be decreased, e.g., reduced force,
shorter duration, smaller contact area, and so forth, such that
the threshold is easier to meet. A touch threshold may be
increased, e.g., greater force, longer duration, larger contact
area, and so forth, such that the threshold is more difficult to
meet.

[0034] A front view of a portable electronic device 100
having a touch-sensitive display 118 is shown in FIG. 6. A
touch detected on the touch-sensitive display 118 may initiate
ortrigger one or more functions. The function performed may
be, for example, selection or input of information or a func-
tion, such as information or a function associated with a
location of a touch, tactile feedback provided by the actuators
120, and so forth. Selection options may include, for example,
displayed or virtual keys of a keyboard 602 for entry of
characters; selection boxes or windows 602, e.g., “cancel,”
“delete,” or “unlock™; function buttons, such as play or stop
on a music player; and so forth. For example, a touch that does
not meet a touch threshold may cause a selection option to be
highlighted, such as a displayed button 602 or key 604,
whereas a touch that meets the touch threshold may result in
selection or input of that selection option.

[0035] Another example of a function is provision of tactile
feedback, such as a vibration, one or more pulses, feedback
that mimics depression and/or release of a physical key, and
so forth. Other functions include, for example, opening an
application, sending a message, powering down, closing an
application, panning, zooming, and so forth. Other functions
are known in the art.

[0036] Alternatively, the initial application of a touch need
not trigger a function. Optionally, no function may be per-
formed when a touch is associated with a non-active location
on the touch-sensitive display 118, e.g., a location not asso-
ciated with a selection option. The touch threshold is effec-
tively infinite in such locations because no touch triggers the
performance of a function.

[0037] Optionally, visible or audible feedback may be pro-
vided to illustrate the relationship between current touch val-
ues, such as force, contact area, duration, and so forth, and one
ormore touch thresholds. For example, when atouch is below
atouch threshold, a virtual object may change color and when
the touch exceeds the touch threshold, a tone may be pro-
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duced indicating successful trigger of the function associated
with the selection option. Optionally, a level indicator 606,
such as shown in FIG. 6, may illustrate the current value for a
touch in shaded format, as well as the touch threshold that is
illustrated with a line.

[0038] Optionally, the actuators 120 may provide addi-
tional resistance to a force imparted on the touch-sensitive
display 118. In this situation, a user perceives tactile feedback
in the form of an opposing force to a touch imparted on the
touch-sensitive display 118, which may cause the user to
press harder to make selections. Such a more forceful press
may be desirable, for example, when selecting an emergency
call option or the user may simply prefer a more resistive feel
to the virtual buttons 602 or keys 604.

[0039] A flowchart illustrating a method of modifying a
touch threshold is shown in FIG. 7. The method may be
carried out by software executed, for example, by the proces-
sor 102. Coding of software for carrying out such a method is
within the scope of a person of ordinary skill in the art given
the present description. The method may contain additional
or fewer processes than shown and/or described.

[0040] When a touch is detected at 702, values of one or
more various parameters are identified at 704. Optionally, the
parameters relevant to a touch threshold and/or relevant to
modifying a touch threshold may be identified, for example,
when one or more touch thresholds may be based on multiple
different parameters. The parameters may include, for
example, touch parameters, function parameters, ambient
parameters, and user parameters. Touch parameters reflect
characteristics of a touch, for example, touch force, touch
duration, contact area, touch rate, touch location, and so forth.
Function parameters reflect attributes of a function performed
by the portable electronic device 100, such as the type or
history of a function. Ambient parameters reflect attributes of
the environment in which the portable electronic device 100 is
operating, such as current date, current time, ambient tem-
perature, humidity, pressure, or light, acceleration/unstable
movement of the device, and so forth. User parameters reflect
the user’s touch profile/preferences, typing habits and tenden-
cies, historical data related to the user, and so forth.

[0041] A determination whether to modify one or more
touch threshold is made at 706. Relevant touch thresholds are
modified at 708. Parameters or characteristics of the touch as
well as other variables may be utilized to modify a touch
threshold, and tables or simple equations or formulas may be
applied in the modification process. The values of one or more
parameters may be evaluated to determine whether any of the
touch thresholds are to be modified. The values of the param-
eters may be provided by various sensors and evaluated, for
example, by the processor 102. Touch sensors of the touch-
sensitive display and force sensors 122 may provide values
for various parameters, such as touch parameters, e.g., con-
tact area, touch rate, touch location, and touch force, as well
as function or user parameters. Other sensors, such as an
accelerometer, or data from a network, such as date, time, or
temperature, may provide values for other parameters.
[0042] Moditying a touch threshold involves changing the
value of one or more characteristics associated with the touch
threshold. For example, when the threshold reflects a single
characteristic of a touch, such as force, the touch threshold is
a force threshold, and the associated force value is increased
or decreased when the touch threshold is modified. Modify-
ing the touch threshold may comprise modifying a threshold
of other characteristics related to a touch, such as the duration
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of a touch, the number of touches, the touch rate, and the size
of the contact area, and so forth. One or more characteristics
of a touch may be combined to comprise a touch threshold,
for example, force and time. The following are several
examples of when and how one or more touch thresholds may
be modified.

[0043] When the number of instances of inadvertent
touches occurs during a period of time, the portable electronic
device 100 is likely being carried in a pocket or bag, and the
force threshold aspect of the touch threshold may be
increased for a fixed period of time or until the inadvertent
touches are not detected for a period of time. A touch may be
considered inadvertent, for example, based on the contact
area, number of simultaneous distinct touches on the touch
sensitive display 118, duration of touch, and so forth. Touch
entry may optionally be suspended until inadvertent touches
are no longer detected. Use of a higher force threshold or
suspension of touch entry in response to inadvertent touches
may reduce power consumption and prevent unintended
voice calls and text messaging.

[0044] The touch threshold may be modified based on the
rate of detected touches, also referred to herein as the touch
rate, e.g., how often touches occur or the number of touches in
aperiod of time. For example, when the touch rate is high, the
touch threshold may be decreased, to reduce the user’s effort
to trigger functions, such as when typing on a virtual key-
board 604. When the touch rate is low, the touch threshold
may be increased, resulting in more deliberate touches to
meet the threshold, such as when selecting the “DELETE”
virtual button 602.

[0045] The touch thresholds may be modified based on
location of the touch, e.g., different areas on the touch-sensi-
tive display may have different touch thresholds. Different
touch thresholds may be established for different locations on
atouch-sensitive display 118, and for each different layout of
displayed information. Locations associated with selection
options may have lower touch thresholds, and locations not
associated with selection options may have higher, up to
infinite, touch thresholds. The center area of the displayed
area of a selection option, such as the middle area of a button
602 or key 604, may have the lowest threshold, areas near the
outer perimeter or margin of the active area of a selection
option may have a slightly higher threshold, and areas outside
the active area of a selection option may have the highest
thresholds. A selection or active area is the area associated
with a selection option, such that a touch detected at a location
within the associated selection area results in selection of that
selection option. Typically, the selection area is the same as
the display area for a selection option, although selection
areas may be larger, smaller, shifted, or skewed from the
associated display area. The touch threshold information may
be stored in a table, map, or equation for each different screen
or layout. For example, a force threshold table may be
assigned to a keyboard 604 layout for either or both landscape
and portrait orientations. Layouts may be associated with
each application or may be shared between multiple applica-
tions. Over time, location-based thresholds may provide the
advantage of training a user to touch selection options more
accurately, resulting in quicker data entry and reduced power
consumption.

[0046] The contact area of the touch may be considered
when moditying the touch threshold. For instance, the size of
the contact area relative to a selection option, a previous
touch, an absolute scale, and so forth, may be considered in
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modifying the touch thresholds. A smaller contact area may
result in the touch threshold being decreased, for example,
because a user may have smaller fingers and/or a lighter
touch. A larger contact area may result in the touch threshold
being increased, for example, because a user may have larger
fingers and/or a heavier touch.

[0047] Touch thresholds may be modified based on a func-
tion parameter, such as the type or history of a function. For
example, the touch threshold of selection option associated
with an execution-type function, such as sending a message,
deleting a contact, running a software application, and so
forth, may be modified to increase the touch threshold, such
that the touch imparted on the touch-sensitive display 118 to
trigger performance of the function may be more deliberate or
controlled. Simultaneously displayed selection options may
have different thresholds, e.g., the “DELETE” box 602 may
have a higher touch threshold than the “CANCEL” box 602.
The touch threshold for non-execution-type functions, such
as data entry, volume adjustment, scrolling, and so forth, may
be modified to increase the touch threshold, such that the
touch imparted on the touch-sensitive display 118 to trigger
performance of the function may be less deliberate or con-
trolled.

[0048] The touch threshold may be modified in response to
history information for a function. The history of a function
may include past information/data related to the function,
such as how often the function is executed, in what relative
order the function is executed with respect to other functions,
and so forth. For example, a decreased touch threshold may
be present for a space character immediately after a period is
entered, and increased touch threshold may be present for a
power switch for the portable electronic device 100 during a
phone call.

[0049] The touch threshold may be modified based on one
or more ambient parameters. For example, the portable elec-
tronic device 100 may be operated during travel, e.g., when a
useris on atrain, in an automobile, on a bicycle, jogging, in an
elevator, and so forth. Such travel may result in rough, jarring,
bouncy, and otherwise uneven conditions that may cause
accurate input to the device 100 to be difficult. Such condi-
tions may be detected by the accelerometer 136, and the touch
threshold may be modified, e.g., increased, in response to the
acceleration of the portable electronic device 100 in response
to such conditions. When ambient light is low, for example,
late on a workday, e.g., 10:00 PM to 5:00 AM, a user may be
fatigued, and the touch threshold may be reduced. The touch
threshold may be modified to adjust operation of the device
100 for the ambient temperature, e.g., over eighty degrees
Fahrenheit, high relative humidity, e.g., over sixty percent to
compensate for user or device 100 reaction to the ambient
conditions.

[0050] Touch thresholds may be modified based on user
parameters such as user history, user profile, and manual
threshold settings. The user history may contain information
such as a user’s tendencies or habits when touching selection
options, e.g., touching toward a corner or slide-typing, most
frequently entered functions or words, and other parameters
related to the history of one or more users of the portable
electronic device 100. For example, when a user frequently
deletes a “K” after entering an “L,” the touch threshold may
be modified to increase the touch threshold, e.g., duration,
that triggers entry of a “K” after an “L.” is input. A user profile
may include parameter preferences entered into the portable
electronic device 100 by the user, such as touch duration,
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touch/key rate, tap interval, hover period, swipe sensitivity,
tactile feedback intensity, and so forth. Applications may
provide for application-specific touch thresholds. The device
may also provide a user with a manual setting or adjustment
for one or more touch thresholds, for example, via an appli-
cation interface or physical button. The manual settings may
include current touch thresholds or maximum and the mini-
mum values for the touch threshold.

[0051] The touch thresholds may be modified based on
parameters that are independent of a detected touch, e.g.,
ambient parameters. Thus, the touch thresholds may be modi-
fied without detecting a touch. Nevertheless, touch threshold
modification may be triggered by a detected touch to reduce
unnecessary processing and power consumption that may
result from threshold analysis and modification when touches
are far apart or when many parameters change in a short
period of time.

[0052] The parameters described are examples and do not
limit the variety or number of parameters that may be utilized
to modify touch thresholds. Touch thresholds may be repeat-
edly modified in response to change in any number, combi-
nation, and hierarchy of parameters. One or more parameters
may be utilized to modify a single touch threshold.

[0053] One or more values of one or more parameters or
characteristics of the touch are compared to the touch thresh-
old at 710, e.g., a force value or contact area. The detected
touch may be compared to more than one threshold at 710.
When the one or more values related to the touch do not meet
any touch threshold, the process continues at 702. When the
one or more values meet or exceed one or more touch thresh-
olds, one or more functions, such as those described above,
are performed 712, and the process continues at 702. The
detected touch may meet multiple touch thresholds and mul-
tiple functions may be performed. For example, a light touch
on a “ALT” virtual key 604 highlights the “ALT” virtual key
604 when the touch meets a first touch threshold, and when
the touch stays in the same location and is more forcefully
applied until a second touch threshold is met, an alternate set
of characters is displayed on the keyboard 604. Optionally, a
third touch threshold may also be applied, and when the touch
meets the third threshold in this example, an “ALT” lock may
be engaged, wherein a lock indicator is displayed, and the
alternate set of characters is displayed and characters from the
set are entered until a subsequent touch or tap on the “ALT”
key. Tactile feedback may also be provided when the second
touch threshold is met, and alternatively when the third touch
threshold is met.

[0054] A graphillustrating various values ofa touch thresh-
old over time is shown in FIG. 8. The touch threshold 802
shown in the example of FIG. 8 varies in response to different
parameters. The touch threshold 802 is shown at a minimum
until the time when a change in parameter P1 is identified,
resulting in the touch threshold 802 being modified by
increasing the touch threshold. For example, the parameter P1
may be a function parameter.

[0055] The touch threshold 802 remains constant until
parameter P2 causes the touch threshold 802 to be reduced or
lowered. For example, the amount of ambient light may be
parameter P2 resulting in a lower touch threshold. The touch
threshold 802 remains constant until parameter P3 causes a
generally linear increase in the touch threshold 802 over time.
This increase may be caused by an ambient parameter, such as
the time passing late in a day, e.g., at 10 PM. A parameter P4,
such time of day reaching 6 AM, results in the touch threshold
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802 becoming constant. Detection in a change in parameter
PS5 results in the modification of the touch threshold 802 in a
non-linear fashion. For example, parameter P5 may be a
decreasing touch rate over time. The touch threshold may be
modified due to a detected change in parameter P6, for
example, acceleration of the portable electronic device 100.
The touch threshold 802 may be modified in a non-linear
manner over time due to parameter P7 until the maximum
touch threshold is reached. Parameter P7 may be, for
example, a user profile whereby the touch threshold 802
increases over time when no touches are detected until the
maximum touch threshold 802 is reached.

[0056] Optionally, an alternate touch threshold 804 may be
engaged, as illustrated by a dotted line. The alternate touch
threshold may be engaged by a user manually setting the
touch threshold, a user preference, or the completion of a
training sequence is also illustrated in FIG. 8. The alternate
touch threshold 804 may instead be a reduced touch thresh-
old. The alternate touch threshold effectively changes the
touch threshold across all touch conditions, either increasing
or reducing all touch thresholds or threshold modifications.
[0057] A graph illustrating various values of two touch
thresholds over time is shown in the example of FIG. 9. The
lower touch threshold 902 in this example is a touch threshold
that results in highlighting a selection option when a detected
touch meets the lower touch threshold 902. The upper touch
threshold 904 in this example is a touch threshold that results
in input of a selection option and/or provision of tactile feed-
back when a detected touch meets the upper touch threshold
904. Both touch thresholds 902, 904 are modifiable. The
terms “lower” and “upper” are utilized for reference only
within FIG. 9 and are not otherwise limiting. The lower touch
threshold 902 and the upper touch threshold 904 may be
modified interdependently or individually.

[0058] When a change in parameter P11 is identified, the
upper touch threshold 904 is modified by linearly increasing
the upper touch threshold 904 over time, although the lower
touch threshold remains unchanged. For example, the param-
eter P11 may be a combination of ambient parameters chang-
ing over time. Parameter P12 causes the lower touch thresh-
01d 902 to be modified by linearly decreasing the lower touch
threshold 902 over time until detection of change in param-
eter P13. Neither of the parameters P12 and P13 affects the
upper touch threshold 904. Parameters P12 and P13 may be,
for example, the start and end of a manual user adjustment,
respectively. Parameter P14 is the stabilization of parameter
P11, which results in the upper touch threshold 904 becoming
a constant value, although the lower touch threshold 902 is
unaffected by parameter P14. Parameter P15 is identified
with characteristics sufficient to modify the lower touch
threshold 902 by increasing the threshold and the upper touch
threshold 904 modified. Parameter P15 may be, for example,
a combination of a function parameter and a touch parameter.
The function parameter, such as the touch threshold associ-
ated with drafting an email message, sets the lower touch
threshold 902 for alphanumeric input, and the upper touch
threshold 904 generally decreases as the force of repeated
touches decreases.

[0059] Although specific parameters are described in the
examples of FIG. 8 and FIG. 9, the touch threshold may be
modified at any time based on one or more parameter or
parameters, e.g., a touch parameter, a function parameter, an
ambient parameter, a user parameter, and so forth. Although
the examples illustrate one threshold and two touch thresh-
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olds, any number of touch thresholds may be utilized, some or
all of which may be modifiable.

[0060] Although the above description utilizes the example
of a touch-sensitive display, the method and embodiments
may be applied to other touch-sensitive devices that do not
include a display, such as a trackball, trackpad, touchpad,
optical trackpad or touchpad, and so forth. The method may
also be applied to the physical keys of a keyboard or other
keys, buttons, switches, actuators, and other control devices
for which touch thresholds may be utilized. The method may
be applied to moveable or non-moveable (e.g., fixed with
respect to a housing) touch-sensitive displays, touch-sensi-
tive devices with or without tactile feedback, and touch-sen-
sitive devices with or without force sensors.

[0061] The present disclosure describes a method and
apparatus that reduces the occurrence of inadvertent touches
causing functions to be performed, such as entering charac-
ters, calling a contact, or sending text messages, which may
needlessly drain the battery of a portable electronic device.
The use of multiple thresholds provides a mechanism by
which multiple different functions may be triggered by touch
alone. Use of thresholds may help to train a user to more
quickly find the selection area for a selection option, result-
ing, for example, in faster typing on a virtual keyboard.
[0062] A method comprises detecting a touch on a touch-
sensitive device and identifying a value of at least one param-
eter of the touch. A touch threshold is modified based on the
value of the at least one parameter, yielding a modified touch
threshold. A first function is performed when the touch meets
the modified touch threshold.

[0063] An electronic device comprises a touch-sensitive
device and a processor configured to: detect a touch on the
touch-sensitive device; identify a value of at least one param-
eter of the touch; modify a touch threshold based on the at
least one parameter to yield a modified touch threshold; per-
form a first function when the touch meets the modified touch
threshold.

[0064] A method comprises identifying a value of at least
one parameter of a portable electronic device, modifying a
touch threshold based on the at least one parameter, yielding
a modified touch threshold, and detecting a touch on a touch-
sensitive device. A function is performed when the touch
meets the modified touch threshold.

[0065] The present disclosure may be embodied in other
specific forms without departing from its spirit or essential
characteristics. The described embodiments are to be consid-
ered in all respects only as illustrative and not restrictive. The
scope of the disclosure is, therefore, indicated by the
appended claims rather than by the foregoing description. All
changes that come within the meaning and range of equiva-
lency of the claims are to be embraced within their scope.

What is claimed is:
1. A method comprising:
identifying a value of at least one parameter of a portable
electronic device;
modifying a touch threshold based on the at least one
parameter, yielding a modified touch threshold;
detecting a touch on a touch-sensitive device;
performing a function when the touch meets the modified
touch threshold.
2. The method of claim 1, wherein the value of the at least
one parameter is determined from a touch detected by the
touch-sensitive device.
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3. The method of claim 1, wherein performing the function
comprises providing tactile feedback.

4. The method of claim 1, wherein the at least one param-
eter comprises at least one of a touch parameter, a function
parameter, an ambient parameter, and a user parameter.

5. The method of claim 1, wherein a force value is associ-
ated with the touch threshold.

6. The method of claim 5, wherein modifying the touch
threshold comprises increasing the force value associated
with the touch threshold.

7. The method of claim 1, wherein modifying the touch
threshold occurs after detecting the touch.

8. The method of claim 1, wherein modifying the touch
threshold comprises repeatedly modifying the touch thresh-
old.

9. A computer-readable medium having computer-read-
able code executable by at least one processor of a portable
electronic device to perform the method of claim 1.

10. An electronic device comprising:

a touch-sensitive device;

a processor configured to:

identify a value of at least one parameter of the portable
electronic device;

modify a touch threshold based on the at least one
parameter to yield a modified touch threshold;

detect a touch on the touch-sensitive device;

perform a first function when the touch meets the modi-
fied touch threshold.
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11. The electronic device of claim 10, further comprising
an actuator configured to provide tactile feedback when the
touch meets the modified touch threshold.

12. The electronic device of claim 10, wherein the proces-
sor is further configured to modify a second touch threshold
associated with a second function that is performed when the
touch meets the second touch threshold.

13. The electronic device of claim 10, further comprising a
force sensor configured to provide a force value related to the
touch.

14. The electronic device of claim 10, wherein the touch-
sensitive device is disposed in a housing and is moveable with
respect to the housing.

15. The electronic device of claim 14, wherein the touch-
sensitive device comprises a touch-sensitive display.

16. The electronic device of claim 10, wherein the proces-
sor repeatedly modifies the touch threshold.

17. A method comprising:

detecting a touch on a touch-sensitive device;

identifying a value of at least one parameter of the touch;

modifying a touch threshold based on the value of the at

least one parameter, yielding a modified touch thresh-
old;

performing a function when the value meets the modified

touch threshold.

18. The method of claim 17, wherein the at least one
parameter comprises at least one of a force, an acceleration, a
period, a rate, a location, and an area.
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