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PROVISION OF HAPTIC FEEDBACK FOR LOCALIZATION AND DATA
INPUT

BACKGROUND
[0001] Mobile computing devices have been configured to display soft input panels,
where a user can generate text by selecting buttons of a soft input panel. Typically, on
mobile computing devices, each key on a soft input panel represents a single character.
Accordingly, for a user to input text to a mobile computing device using a soft input panel,
the user can select (e.g., through tapping) discrete keys that are representative of
respective characters that are desirably included in such text. As many mobile computing
devices have relatively small screens, such computing devices have been configured with
software that performs spelling corrections and/or corrects for “fat finger syndrome,”
where a user mistakenly taps a key that is proximate to a desirably tapped key.
[0002] Conventionally, it is very difficult for a user to accurately enter text using a soft
input panel when the user is unable to continuously view the screen upon which the soft
input panel is displayed. For mobile computing devices, this can be at least partially
attributed to the relatively small size of the screen, and therefore, the relatively small size
of keys included in the soft input panel displayed on the screen. For instance, on an
exemplary soft input panel displayed on a mobile telephone, ten separate keys may exist in
a single row of keys. It may therefore be difficult for the user to remember which keys are
in which rows. Even if the user remembers which keys are in which rows, it may remain
difficult for the user to tap a particular key in the soft input panel without looking directly
at the soft input panel.

SUMMARY

[0003] The following is a brief summary of subject matter that is described in greater
detail herein. This summary is not intended to be limiting as to the scope of the claims.
[0004] Various technologies pertaining to providing haptic feedback to a user of a
computing device that has a touch-sensitive display to assist the user in setting forth input
data to such computing device are described herein. For example, a mobile computing
device may include a touch-sensitive display, wherein a user of the mobile computing
device can provide input thereto via interaction with the touch-sensitive display. Haptic
feedback can initially be provided to the user to assist the user in initially orienting a digit
(e.g., thumb or finger) relative to graphical objects displayed on the touch-sensitive

display. Specifically, first haptic feedback can be provided to the digit of the user as the
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digit transitions over a surface of the touch-sensitive display, wherein the first haptic
feedback is provided to assist the user in determining locations of such graphical objects
on the touch-sensitive display without having to view the touch-sensitive display.

[0005] Subsequent to the user orienting the digit as desired on the touch-sensitive display
(e.g., on a particular graphical object), the user can set forth a toggle command. The toggle
command can indicate that the user has positioned the digit at a desired
location/orientation, and now desires to provide input to the mobile computing device.
Such toggle command may be a double tap, applying additional pressure to the touch-
sensitive display via the digit, shaking of the mobile computing device, a voice command,
or the like. Responsive to detecting the toggle command, subsequent gestures set forth by
the user can be interpreted as input gestures, such that input is provided to an operating
system and/or application executing on the mobile computing device. For certain
applications, such as a text entry application that employs a soft input panel to receive
input from the user, haptic feedback can be continued to be provided to the user of the
mobile computing device, such that the user maintains awareness of position of the digit as
it transitions over the surface of the mobile computing device. Such an embodiment may
be particularly beneficial when the text entry application receives input data by way of
shapewriting, where the user selects keys in the soft input panel by connecting them with
strokes, rather than discretely tapping such keys.

[0006] In an exemplary embodiment, a soft input panel comprising a plurality of keys
can be displayed on a touch-sensitive display of a computing device. For instance, the user
of the computing device may desirably employ the touch-sensitive display to input text to
an application executing on the computing device without being forced to look at the
touch-sensitive display. For example, the user may be watching a movie, and may wish to
transmit a message to a friend without averting her eyes from the movie. In another
example, the user may be watching a speaker and may wish to take notes about a
presentation set forth by such speaker without taking her eyes off of the speaker. The user
can set a digit (thumb, finger, or stylus) on the display of the touch-sensitive display and
begin transitioning the digit over the surface of the touch-sensitive display. Haptic
feedback can be provided to the user to assist the user in identifying location of keys of the
soft input panel. For example, haptic feedback can be provided such that the user
perceives an increase in friction as the digit transitions over borders between keys of the
soft input panel. In another example, haptic feedback can be provided in a checkerboard

pattern, such that the user perceives that a first area of the touch-sensitive display where a
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first key is displayed has a rougher surface when compared to a second, adjacent area of
the touch-sensitive display where a second key is displayed. Thus, by transitioning the
digit over the touch-sensitive display, the haptic feedback can assist the user in
ascertaining that the digit is resting upon a certain key in the soft input panel without
having to look at the touch-sensitive display.

[0007] While the user is transitioning the digit over the surface of the touch-sensitive
display for purposes of localization, input is not provided to an application on the mobile
computing device. To provide input to an application on the mobile computing device
(e.g., to generate text using the soft input panel), the user can set forth a toggle command,
such as a double tap or depressing the digit with increased pressure on the touch-sensitive
display.

[0008] After this toggle command is received, the computing device is configured to
identify subsequent input gestures set forth by the user. For example, the user can set forth
a tap on a particular key, which indicates that the user desires to input a character
represented by such key. In another example, the computing device can be configured to
generate text by way of shapewriting, where instead of tapping discrete keys to select
characters, the user connects keys that represent desired characters by transitioning the
digit over the surface of the touch-sensitive display while maintaining contact with such
display. Accordingly, to input the word “hello,” rather than tapping discrete keys
representative of the letters “h,” “e,” “l,” “1,” and “o,” the user transitions the digit over the
touch-sensitive display to connect keys that represent the characters “h,” “e,” “L,” and “0.”
In such an embodiment, the computing device can output haptic feedback to assist the user
in understanding locations of keys in the soft input panel relative to the digit is as the digit
transitions over the soft input panel. As noted above, haptic feedback can be provided at
borders of keys in the soft input panel or as the user transitions over keys themselves to
assist the user in recognizing/remembering locations of keys on the soft input panel as the
user is generating input data. Combining shapewriting with haptic feedback can assist the
user in generating text without being forced to constantly look at the display of the
computing device.

[0009] The above summary presents a simplified summary in order to provide a basic
understanding of some aspects of the systems and/or methods discussed herein. This
summary is not an extensive overview of the systems and/or methods discussed herein. It

is not intended to identify key/critical elements or to delineate the scope of such systems
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and/or methods. Its sole purpose is to present some concepts in a simplified form as a
prelude to the more detailed description that is presented later.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] Fig. 11is a functional block diagram of an exemplary system that facilitates
assisting a user in connection with providing input to a computing device by way of
providing haptic feedback as the user interacts with a touch-sensitive display of the
computing device.
[0011] Fig. 2 is a functional block diagram of an exemplary system that illustrates
portions of a soft input panel where haptic feedback is provided when a digit of the user is
transitioning over such portions.
[0012] Fig. 3 is a functional block diagram of an exemplary system that illustrates certain
portions in a soft input panel where haptic feedback is provided when a digit of the user
transitions over such portions.
[0013] Fig. 4 illustrates hardware that can be employed in connection with causing a user
to perceive changes in friction as the user interacts with a touch-sensitive display.
[0014] Fig. 5 illustrates an exemplary layout of keys in a soft input panel that a user can
employ to generate text.
[0015] Fig. 6 illustrates an arrangement of a plurality of widgets, wherein haptic feedback
is provided to the user as a digit of the user transitions over such widgets to assist the user
in locating and interacting with the widgets.
[0016] Fig. 7 is a functional block diagram of an exemplary system that facilitates
generating text through use of shapewriting.
[0017] Figs. 8-13 illustrate exemplary layouts of keys in exemplary soft input panels.
[0018] Fig. 14 is a flow diagram that illustrates an exemplary methodology for providing
haptic feedback to a user as the user interacts with a touch-sensitive display of a mobile
computing device.
[0019] Fig. 15 is a flow diagram that illustrates an exemplary methodology for providing
haptic feedback to a user to assist the user in setting forth text by way of shapewriting.
[0020] Fig. 16 s a flow diagram that illustrates an exemplary methodology for providing
haptic feedback to a user to assist the user in initiating an application installed on a
computing device that has a touch-sensitive display.

[0021] Fig. 17 is an exemplary computing system.
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DETAILED DESCRIPTION
[0022] Various technologies pertaining to providing haptic feedback to users of
computing devices to assist such users in localizing their finger or thumb relative to a
graphical object displayed on a touch-sensitive display, as well as assisting users in
providing input to computing devices that include touch-sensitive displays, will now be
described with reference to the drawings, where like reference numerals represent like
elements throughout. In the following description, for purposes of explanation, numerous
specific details are set forth in order to provide a thorough understanding of one or more
aspects. It may be evident, however, that such aspect(s) may be practiced without these
specific details. In other instances, well-known structures and devices are shown in block
diagram form in order to facilitate describing one or more aspects. Further, it is to be
understood that functionality that is described as being carried out by certain system
components may be performed by multiple components. Similarly, for instance, a
component may be configured to perform functionality that is described as being carried
out by multiple components.
[0023] Moreover, the term “or” is intended to mean an inclusive “or” rather than an
exclusive “or.” That is, unless specified otherwise, or clear from the context, the phrase “X
employs A or B” is intended to mean any of the natural inclusive permutations. That is,
the phrase “X employs A or B” is satisfied by any of the following instances: X employs
A; X employs B; or X employs both A and B. In addition, the articles “a” and “an” as used
in this application and the appended claims should generally be construed to mean “one or
more” unless specified otherwise or clear from the context to be directed to a singular
form.
[0024] Further, as used herein, the terms “component” and “system” are intended to
encompass computer-readable data storage that is configured with computer-executable
instructions that cause certain functionality to be performed when executed by a processor.
The computer-executable instructions may include a routine, a function, or the like. It is
also to be understood that a component or system may be localized on a single device or
distributed across several devices. Additionally, the term “exemplary” is intended to mean
serving as an illustration or example of something, and is not intended to indicate a
preference.
[0025] With reference now to Fig. 1, an exemplary system 100 that facilitates provision
of haptic feedback to a user of a computing device with a touch-sensitive display, wherein

provision of haptic feedback is provided to assist the user in connection with interacting
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with at least one application installed on the computing device, is illustrated. In an
exemplary embodiment, the application can be a text entry application that utilizes a soft
input panel to receive input as to desirably entered text from a user of the computing
device, wherein the soft input panel comprises a plurality of keys. In another example,
haptic feedback can be provided to assist the user in locating and selecting a graphical icon
that causes an application represented by the graphical icon to be initiated. Specifically,
the haptic feedback can be provided in connection with assisting the user in developing
muscle memory, thereby allowing the user to interact with graphical objects displayed on
a touch-sensitive display without the user having to continuously look at the touch-
sensitive display. Various types of haptic feedback technologies are contemplated,
including but not limited to surface friction modulation that is accomplished through use
of electrostatic force, ultrasonic vibration, etc.

[0026] The system 100 is comprised by a computing device, which in an exemplary
embodiment, may be a mobile computing device, such as a mobile telephone, tablet (slate)
computing device, mobile media player, or the like. The system 100 comprises a touch-
sensitive display 102, which has a consistently smooth surface. While, for purposes of
explanation, technologies are described herein that utilize a touch-sensitive display, it is to
be understood that such technologies can be adapted for utilization on a smooth input
surface, which may or may not include a display. That is, as described herein, haptic
feedback can be presented to a user to assist in creating a non-visual representation of an
entity or collection of entities (such as keys on a keyboard), to assist in allowing the user
with localizing a digit relative to the entity or collection of entities, and to assist the user
with providing input to a computing device by way of the entity or collection of entities.
Accordingly, the graphical objects displayed on touch-sensitive displays described herein
are not intended to limit the concepts described herein to displays.

[0027] A graphical object 104 is displayed on the touch-sensitive display 102, wherein
the graphical object 104 represents or is a portion of a graphical user interface (GUI) of a
computer executable application 105 that is installed on the computing device. As will be
described in greater detail herein, the application 105 may be a text entry application that
is configured to recognize user input with respect to a soft input panel displayed on the
touch-sensitive display 102 and generate text based upon such user input. Such text may
be or include alphabetical characters, numbers, or the like — thus, for example, a user may

set forth a telephone number by way of the text entry application. Accordingly, the
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graphical object 104 may be a key amongst a plurality of keys, a selectable widget that,
when selected by the user, causes the application to be initiated, etc.

[0028] As noted above, the system 100 facilitates eyes-free interaction with graphical
objects displayed on the touch-sensitive display 102. That is, the system 100 is configured
to allow the user of the computing device to provide input data to the computing device
without requiring the user to look at the touch-sensitive display 102 when providing such
input data. This can be accomplished by, for example, providing haptic feedback to the
user to assist the user in localizing a digit 106 relative to the graphical object 104 prior to
interpreting user interaction with the touch-sensitive display as being an input gesture. In
other words, haptic feedback can be provided for purposes of allowing the user to
recognize, for example, that the digit 106 is in contact with the touch-sensitive display 102
at a certain location relative to the graphical object 104 (e.g., at a border surrounding the
graphical object 104, somewhere on the graphical object 104, at a center of the graphical
object, etc.). For instance, with respect to a soft input panel, once the user understands that
the digit 106 is in contact with the touch-sensitive display 102 on a particular key of the
soft input panel, the user can remember locations of other keys in the soft input panel
relative to such key.

[0029] Subsequent to the user localizing the digit 106 relative to the graphical object 104,
the user can employ one or more gestures to cause input to be provided to the application
105 (or operating system) relatively accurately without having to direct her eyes to the
touch-sensitive display 102. Further, the system 100 is configured to provide haptic
feedback to the user as the user is setting forth input to the application 105 (or operating
system). For example, after it has been determined that the user has localized the digit 106
relative to the graphical object 104, the system 100 can be configured to provide further
haptic feedback as the digit 106 of the user is employed to provide input data to the
application 105.

[0030] With more detail pertaining to operation of the system 100, the system 100
comprises a sensor 108 that outputs a signal that is indicative of a real-time location of the
digit 106 on the touch-sensitive display 102 when such digit 106 is in contact with (or
hovering above) the surface of the touch-sensitive display 102. Accordingly, the signal
output by the sensor 108 can be monitored to indicate whether the digit 106 is in contact
with the surface of the touch-sensitive display 102 and where on the touch-sensitive

display 102 the digit 106 is in contact with such display.
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[0031] The system 100 additionally comprises an operating system 110 that manages
hardware resources, such that the operating system can be configured to cause power to be
provided to the sensor 108 and to monitor output of the sensor 108. The operating system
110 comprises a location identifier component 112 that monitors the signal output by the
sensor 108 and determines that the digit 106 is in contact with the touch-sensitive display
102 at a location corresponding to the graphical object 104. The location corresponding to
the graphical object 104 may be a border between the graphical object 104 and some other
graphical object (not shown). In example, the location corresponding to the graphical
object 104 may be anywhere on the graphical object 104. In still yet another example, the
location corresponding to the graphical object 104 may be on a center of the graphical
object 104. The location identifier component 112 determines that the digit 106 is in
contact with the touch-sensitive at the location corresponding to the graphical object 104
based upon the signal output by the sensor 108 and information provided by the
application 105 (or known by the operating system 110) about the graphical object 104.
For example, the application 105 can provide the location identifier component 112 with
information as to where the graphical object 104 is to be displayed on the touch-sensitive
display 102.

[0032] The operating system 110 additionally comprises a feedback component 116 that,
responsive to the location identifier component 112 determining that the digit 106 is in
contact with the touch-sensitive display at the location corresponding to the graphical
object 104, causes an actuator 118 to provide haptic feedback to indicate to the user that
the digit 106 is in contact with the touch-sensitive display 102 at the location
corresponding to the graphical object 104. In an exemplary embodiment, the actuator 118
can control an electric signal that is provided to a conducting layer of the touch-sensitive
display, wherein changes in the electric signal cause the user to perceive changes in
friction on the touch-sensitive display 102 as the digit 106 transitions over the touch-
sensitive display 102. Accordingly, for example, it may be desirable to provide haptic
feedback to the user when the digit 106 is in contact with any portion of the touch-
sensitive display 102 where the graphical object 104 is displayed.

[0033] Upon the location identifier component 112 detecting that the digit 106 is in
contact with the touch-sensitive display 102 on the graphical object, the feedback
component 116 can cause the actuator 118 to increase an amount of current provided to a
conductive layer of the touch-sensitive display 102, thereby inducing the user to perceive a

change in friction (electrostatic friction). That is, the user can be caused to perceive that
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the surface of the touch-sensitive display 102 is rougher when the digit 106 is transitioning
over the graphical object 104 compared to when the digit 106 is not transitioning over the
graphical object 104. Therefore, without having to look at the touch-sensitive display 102,
the user can determining the location of the graphical object 104 on the touch-sensitive
display 102. When the location identifier component 112 determines that the digit 106 has
transitioned off of the graphical object 104, the feedback component 116 can cause the
actuator 118 to decrease the current provided to the conductive layer of the touch-sensitive
display 102, thereby causing the user to perceive a change in friction (e.g., the surface of
the touch-sensitive display feels smoother to the user) when the digit 106 has transitioned
off of the graphical object 104. While the actuator 118 has been described as providing an
electric signal in connection with generating electrostatic friction on the surface of the
touch-sensitive display 102, it is to be understood that other technologies can be employed
in connection with providing haptic feedback to the user. For example, the actuator 118
may be used to generate ultrasonic vibrations, may use piezoelectric actuator in connection
with providing haptic feedback, etc.

[0034] Furthermore, it is to be understood that the haptic feedback described above is
provided for purposes of localizing the digit 106. That is, initially, while the digit 106 is
transitioning over the touch-sensitive display 102, such transitioning is not interpreted by
the operating system 110 or the application 105 as being an input gesture (a gesture set
forth by the user to provide input to the application 105 or the operating system 110). For
instance, if the graphical object 104 is a key in a soft input panel, the transitioning of the
digit 106 over the graphical object 104 does not cause a character represented by the key
to be selected.

[0035] The system 100 can optionally comprise a speaker 120 that is in communication
with the feedback component 116, wherein the speaker 120 is configured to provide
audible feedback to the user as the digit 106 transitions over the surface of the touch-
sensitive display 102. For example, the feedback component 116 can cause the speaker
120 to output a particular tone or word that is unique to the graphical object 104 when the
digit 106 is in contact with the touch-sensitive display 102 on the graphical object 104.
Additionally, the feedback component 116 can cause the speaker 120 to output an audible
signal that is indicative of a velocity or acceleration of the digit 106 over the touch-
sensitive display 102. Such audible cues can assist the user in remembering where

graphical objects are located relative to one another on the touch-sensitive display 102.
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[0036] Subsequent to the user localizing the digit 106 relative to the graphical object 104
on the touch-sensitive display 102, the user may wish to set forth in input gesture that
causes input data to be provided to the application 105 that corresponds to the graphical
object 104. As noted above, the graphical object 104 may be a certain key in a soft input
panel from amongst a plurality of keys, and after the user localizes the digit 106 relative to
the certain key, the user may wish to enter text by way of the soft input panel.
Accordingly, the user can set forth a toggle command that indicates to the system 100 that
the user wishes to provide input data to the application 105 or operating system 110. The
operating system 110 comprises a toggle identifier component 122 that recognizes the
toggle command set forth by the user. Such toggle command may be any suitable
command including, but not limited to, an increased amount of pressure applied to the
touch-sensitive display by the digit 106.

[0037] Thus, the sensor 108 (which can represent multiple sensors) can comprise a
pressure sensor that outputs a signal that is indicative of an amount of pressure applied to
the touch-sensitive display 102 by the digit 106. The toggle identifier component 122 can
monitor such signal output by the sensor 108 to ascertain when pressure set forth by the
digit 106 on the touch-sensitive display 102 is above a threshold. In another example, the
sensor 108 can be configured to analyze an amount of surface area of the digit 106 that is
in contact with the touch-sensitive display 102. As can be ascertained, an increase in the
surface area of the digit 106 in contact with the touch-sensitive display 102 is indicative of
an amount of pressure being applied to the surface of the touch-sensitive display 102 via
the digit 106. The toggle identifier component 122 can recognize the increased surface
arca of the digit 106 in contact with the touch-sensitive display 102 as being the toggle
command. In another exemplary embodiment, the sensor 108 can be configured to analyze
pressure applied by the user to a bezel of a computing device comprising the touch-
sensitive display 102, and the toggle identifier component 122 can identify the toggle
command if the pressure applied to the bezel, as detected by the sensor 108, exceeds a
predefined threshold.

[0038] In still other embodiments, the user can quickly shake the computing device to
indicate that input data is desirably provided to the application 105 and/or operating
system 110, may tilt the computing device to a particular angle to indicate that input data
is desirably provided to the application 105 or operating system 110, may perform a tap or
double tap to indicate that input data is desirably provided the application 105 or operating

system 110, may output a voice command, etc. Thus, the sensor 108 can be or include a

10



10

15

20

25

30

WO 2014/058940 PCT/US2013/063965

gyroscope, an accelerometer, a pressure sensor, a microphone (to detect a voice
command), or the like. The toggle identifier component 122 can recognize the toggle
command and can inform the location identifier component 112 that a subsequent gesture
set forth by the user through utilization of the digit 106 is to be interpreted as an input
gesture used to set forth input data to the application 105 and/or operating system 110.
[0039] In still yet another exemplary embodiment, the user can orient the digit 106
relative to the touch-sensitive display 102 in a particular manner to indicate a desire to set
forth the toggle command, and the sensor 108 can output a signal that is indicative of
orientation of the digit 106. The toggle identifier component 122 can identify the toggle
command based at least in part upon the signal output by the sensor 108. For example, the
sensor 108 can output a signal that is indicative of capacitive disturbance caused by the
digit 106 being in contact with the touch-sensitive display at particular orientations, and
the toggle identifier component 122 can determine the orientation of the digit 106 based
upon such signal. If the orientation of the digit 106 is detected as being at a particular
orientation, then the toggle identifier component 122 can determine that the user wishes to
set forth a toggle command.

[0040] Therefore, subsequent to the toggle identifier component 122 recognizing the
toggle command set forth by the user, the user can employ the digit 106 to set forth an
input gesture relative to the graphical object 104. Such input gesture may be a swipe, a tap,
a hover, an increase in pressure applied to the touch-sensitive display 102, or some other
suitable input gesture. The location identifier component 112 can recognize that the digit
106 is at a particular location on the touch-sensitive display 102 relative to the graphical
object 104, and can provide such data to the application 105 or operating system 110 as
input data. The application 105 or operating system 110 may then interpret this input data
in conventional manners.

[0041] Additionally, when gestures set forth by the digit 106 are to be interpreted as input
gestures (subsequent to the user localizing digit 106 relative to the graphical object 104),
the system 100 can provide haptic feedback to assist the user in setting forth input data to
the application or operating system 110. For example, if the application 105 is configured
to accept a swipe over numerous graphical objects as input, the feedback component 116
can cause the actuator 118 to provide haptic feedback, such that the user can recognize
which graphical objects are being transitioned over by the digit 106 without requiring the
user to look at the touch-sensitive display 102. Similarly, the feedback component 116 can

cause the speaker 120 to output audible signals that can assist the user in understanding
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location of the digit 106 relative to the graphical object 104 (and other graphical objects)
on the touch-sensitive display 102.

[0042] The utilization of haptic feedback in connection with localization of the digit 106
relative to the graphical object 104 when the user is setting forth input data to the
application 105 or operating system 110 assists the user in connection with developing
muscle memory when interacting with the application 105 or operating system 110
through use of the touch-sensitive display 102. For example, after a relatively small
number of times that the user transitions the digit 106 over the touch-sensitive display 102,
where location of graphical objects thereon is consistent, the user can quickly understand
the location of the digit 106 (e.g., with a single swipe) relative to the graphical object 104
using muscle memory. Likewise, when the user is providing input data, particularly when
using a swipe, the utilization of haptic feedback can assist the user in developing muscle
memory, such that repeated input gestures can be undertaken relatively accurately.

[0043] With reference now to Fig. 2, an exemplary system 200 that utilizes haptic
feedback to assist a user in localizing the digit 106 relative to at least one graphical object
displayed on the touch-sensitive display 102, as well as setting forth input to the
application 103, is illustrated. In the exemplary system 200, the application 105 is a text
entry application that utilizes a soft input panel 202 to receive input data from a user,
wherein the input data is indicative of a sequence of characters that is desirably generated
by the user. Further, it is to be understood that while the application 105 is shown as being
separate from the operating system 110, the application 105 may be considered to be a
portion of the operating system 110. In an exemplary embodiment, the application 105
may be a text messaging application, wherein a sequence of characters set forth by a user
is desirably transmitted to a contact of such user. In another exemplary embodiment, the
application 105 can be a word processing application that allows the user to generate and
retain text in the form of a computer-readable document. In still yet another example, the
application 105 may be a web browser, where text in the form of a URL may be desirably
placed in a field of the web browser. Moreover, the application 105 may be a social
networking application, where text is desirably generated to set forth a status update or
broadcast a message. Other applications are also contemplated.

[0044] The soft input panel 202 shown in Fig. 2 may be particularly well-suited for
utilization on a mobile computing device, such as a mobile telephone, wherein real estate
on the touch-sensitive display 102 is relatively limited. The soft input panel 202 comprises

a plurality of keys 204-220. While Fig. 2 illustrates that the soft input panel 202 includes
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nine keys, it is to be understood that the soft input panel 202 may include more or fewer
keys. Furthermore, each key in the soft input panel is shown as representing a plurality of
characters. In other embodiments, the soft input panel 202 may include a subset of keys
that respectively represent a single character, as well as keys that represent multiple
characters. Other exemplary layouts of soft input panels are set forth herein.

[0045] In the exemplary system 200, the feedback component 116 is configured to cause
the actuator 118 to provide haptic feedback when the digit 106 of the user is located at
respective borders between keys of the soft input panel 202. In other words, the feedback
component 116 causes the actuator 118 to provide haptic feedback to the user when the
digit is located in the shaded region of the soft input panel 202.

[0046] In an example, when the user wishes to localize the digit 106 relate to the key 214,
the user can place the digit 106 at a bottom right-hand corner of the touch-sensitive display
102. For instance, the user may wish to generate the word “hello.” The user must first,
however, locate the key 214 that represents the letter “h.” The user can cause the digit 106
to transition upwardly, and the location identifier component 112 can recognize the
location of the user relative to the shaded regions of the soft input panel 202 and the keys
204-220 of the soft input panel 202. The feedback component 116 can cause the actuator
118 to selectively provide haptic feedback to the user based upon the location on the
touch-sensitive display 102 that is being contacted by the digit 106. For instance, initially,
as the digit 106 transitions from the bottom of the touch-sensitive display 102, haptic
feedback can be provided to the user (the user can perceive that surface of the touch-
sensitive display 102 is somewhat rough). Responsive to the location identifier component
112 determining that the digit 106 reaches the key 220, the feedback component 116 can
cause the actuator 118 to cease providing haptic feedback to the user. Thus, the user can
perceive that the digit 106 is on a key (e.g., the key 220) as the digit 106 transitions
upwardly over such key 220. Thereafter, the location identifier component 112 determines
that the digit 106 reaches the border between the key 220 and the key 214, and responsive
thereto, the feedback component 116 causes the actuator 118 to provide haptic feedback to
the user. Again, the user can perceive increased friction as the digit 106 transitions over
such border, indicating to the user that the digit 106 is transitioning over a border between
keys. After the digit 106 has transitioned over such border, the location identifier
component 112 determines that the digit 106 is on an area of the touch-sensitive display
102 upon which the key 214 is displayed. Responsive to such determination, the feedback

component 116 causes the actuator 118 to cease providing haptic feedback. Therefore,
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when the digit 106 is transitioned over a region of the touch-sensitive display upon which
the key 214 is displayed, the user will perceive that such region is smooth (compared to
when the digit 106 is transitioned over a border). Using muscle memory, then, the user can
quickly determine the location of the key 214 (and other keys in the soft input panel 202)
based upon the perception of smooth and rough surfaces on the touch-sensitive display
102.

[0047] As mentioned above, the user may wish to generate the word “hello” through
utilization of the soft input panel 202. To inform the computing device that the user
intends to set forth input data to the application 105, the user, in an example, can increase
an amount of pressure applied to the touch-sensitive display 102 by the digit 106. The
toggle identifier component 122 recognizes such increased pressure as a toggle command,
such that subsequent gestures set forth through utilization of the digit 106 are interpreted
as input gestures, where input data is provided to the application 105. For instance, after
the user has identified that the digit 106 rests upon the key 214, the user can set forth the
toggle command and subsequently perform some input gesture that causes data to be
provided to the application 105. Therefore, after setting forth the toggle command, the
user can tap the key 214 with the digit 106. Thereafter, as the user may be aware of the
location of the key 204 (representing the character “¢”) relative to the key 214, the user
can lift the digit 106 from the surface of the touch-sensitive display 102 and through multi-
tap techniques, select the key 204 an appropriate number of times to indicate that the letter
“e” 1s desirably selected. Thereafter, the user can lift the digit 106 and select the key 216
(e.g., potentially tapping the key 216 twice two separate times to select the letter “1”
twice), and finally may lift the digit 106 and select the key 208.

[0048] In another exemplary embodiment that will be set forth in greater detail below, the
application soft input panel 202 can be configured to receive input by way of
shapewriting. Thus, rather than the user lifting the digit 106 and tapping discrete keys, the
user can set forth input commands by connecting keys that represent letters that are
desirably selected by the user. In such an embodiment, the feedback component 116 can
cause the actuator 118 to provide haptic feedback while the user is setting forth input
gestures to assist the user in understanding where the digit 106 is being swiped relative to
keys in the soft input panel 202. For example, as indicated above, the user can initially
localize the digit 106 relative to a graphical object, such that the user can locate the key
214 without having to look at the touch-sensitive display 102. Thereafter, the user can set

forth the toggle command, indicating to the system 200 that subsequent gestures are to be
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interpreted as input gestures. The user may then employ shapewriting to set forth text.
Again, if the user wishes to generate the text “hello,” the user can cause the digit 106 to
transition over the touch-sensitive display 102 from the key 214 (which represents the
letter “h”) to the key 204 (which represents the letter “e”). As the digit 106 transitions
between such keys, the feedback component 116 can cause the actuator 118 to provide
haptic feedback as the digit 106 transitions over borders between keys. Additionally, the
feedback component 116 can cause the speaker 120 to output an audible signal that is
indicative of keys over which the digit 106 is transitioning, direction of transition of the
digit, velocity of transition of the digit, acceleration of transition of the digit, or the like.
This feedback can assist the user in developing and using muscle memory to generate text
using the soft input panel 202. For example, providing haptic feedback (and optionally
audible feedback) as the user interacts with the touch-sensitive display may assist the user
in remembering what it feels (and optionally sounds) like to set forth input data that causes
the word “hello” to be generated (e.g., transitioning from the key 214 to the key 204, from
the key 204 to the key 216, and from the key 216 to the key 208, thereby allowing the user
to input the word “hello” without having to look at the touch-sensitive display 102).
[0049] Furthermore, the feedback component 116 can cause the actuator 118 to provide
haptic feedback to confirm to the user that an input gesture has been appropriately
interpreted or to inform the user that the input gesture is not recognized. For instance, if
the user is employing shapewriting to set forth a relatively long word, and the application
105 has determined that the desired word is the only possible word that can be set forth by
the user, even though the user has not completed the sequence of strokes necessary to
entirely defined such word, the feedback component 116 can cause the actuator 118 to
output haptic feedback to inform the user that the decoding has been completed. For
example, the feedback component 116 can cause the actuator 118 to vibrate the phone.
Alternatively, the feedback component 116 can cause the speaker 120 to output an audible
signal to indicate to the user that the input gesture has resulted in completion of a word.
Similarly, if the input gesture is not recognized, the feedback component 116 can cause
the actuator 118 to provide haptic feedback to the user, thereby informing the user that the
input gesture should be re-performed.

[0050] Now referring to Fig. 3, another exemplary depiction of the system 200, wherein
haptic feedback is provided in a checkerboard pattern on keys in the soft input panel 202,
is illustrated. In the example shown in Fig. 3, the feedback component 116 causes the

actuator 118 to provide haptic feedback relative to the keys 204-220 in the soft input panel
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202 in a checkerboard pattern. Therefore, for instance, when the location identifier
component 112 determines that the digit 106 is in contact with the touch-sensitive display
102 on the key 204, the key 208, the key 212, the key 216, or the key 220, the feedback
component 116 can cause the actuator 118 to provide haptic feedback, causing the user to
perceive that such keys have a rougher surface when compared to the keys 206, 210, 214,
or 218 when the digit 106 transitions over such keys. Thus, every other key in the soft
input panel 202, both vertically and horizontally, is associated with provision of haptic
feedback.

[0051] The exemplary scenario where the user desirably wishes to generate the text
“hello” is again presented for purposes of explanation. The user first desirably positions
the digit 106 at a location on the touch-sensitive display where the key 214 is displayed. In
an example, the user can initially place the digit 106 at a bottom right-hand corner of the
touch-sensitive display 102. The user may then begin transitioning the digit 106 upwardly
and slightly to the left. When the digit 106 is transitioning over the touch-sensitive display
102 where the key 220 is displayed, the user perceives a higher amount of friction
compared to when the digit 106 is transitioning over the touch-sensitive display where
keys that are not associated with haptic feedback are displayed. When the digit 106 has
completed the transition over the key 220, haptic feedback is ceased, and the user will
perceive that the surface of the touch-sensitive display 102 is smooth, thus indicating to
the user that the digit 106 rests upon the key 214. Therefore, the user can confidently
localize the digit 106 relative to the key 214 without having to look at the touch-sensitive
display 102.

[0052] As described above, the user may then set forth a toggle command, which is
recognized by the toggle identifier component 122, causing subsequent gestures to be
perceived as input gestures. While Fig. 2 and Fig. 3 depict exemplary manners of
providing haptic feedback with respect to the soft input panel 202 (e.g., at borders, over
keys, etc.), the hereto-appended claims are not to be limited by what is shown in such
figures. For instance, in some cases, it may be desirable to provide gradual alterations in
haptic feedback. Thus, for example, it may be desirable to provide no haptic feedback
when the digit 106 is at the right-hand side of the screen and increasing amounts of haptic
feedback as the digit 106 transitions further to the left hand side of the screen. Moreover, a
user of the computing device can define locations in a graphical user interface where
haptic feedback is desirably received. Thus, locations of a graphical user interface where

haptic feedback is received can be customized by the user in a manner that the user
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believes will most greatly assist the user with respect to localizing the digit 106 or setting
for input gestures.

[0053] Furthermore, different haptic feedback may be provided during localization than
what is provided when setting forth input gestures. For instance, during localization of the
digit 106 relative to a graphical object, haptic feedback may be provided at respective
borders between the keys 204-220, as shown in Fig. 2, and when the user is setting forth
input gestures, haptic feedback can be provided as displayed in Fig. 3, in accordance with
the checkerboard pattern. In still other embodiments, haptic feedback can be provided, for
instance, only at centers of the keys 204-220.

[0054] Referring now to Fig. 4, an exemplary touch-sensitive display 400 is illustrated.
The touch-sensitive display 400 comprises a plurality of layers. The exemplary touch-
sensitive display 400 provides a mechanism that can be employed in connection with
modulating surface friction of a smooth surface, such as glass. The touch-sensitive display
400 comprises a glass layer 402. A transparent conducting layer 404 is placed adjacent to
the glass layer 402, wherein, for example, the transparent conducting layer 404 may be
indium tin oxide (ITO) or other suitable transparent conducting layer. The touch-sensitive
display 400 may also comprise an insulating layer 406 positioned adjacent to the
transparent conducting layer 404, such that the transparent conducting layer 402 is
between the glass layer 402 and the insulating layer 406.

[0055] A voltage source 408 is configured to provide an appropriate amount of voltage to
the conducting layer 404. When the digit 106 is in contact with the insulator layer 406, and
electric current is provided to the conducting layer 404 via the voltage source 408, such
electric current induces charges in the digit 106 opposite to the charges induced in the
conducting layer 404. As shown in Fig. 4, inducement of a positive charge in the
conducting layer 404 is caused when electric current is provided to the conducting layer
404. When the digit 106 is placed in contact with the insulator layer 406, a negative charge
inside the skin of the digit 106 is induced.

[0056] The friction force f'is proportional to # (the friction coefficient of the glass
surface) and the sum of Fr(normal force the digit 106 exerts on the surface when pressing
down) and F. (electric force due to the capacitive effect between the digit 106 and the

conducting layer 404) as follows:

f=u(F+F) (1)
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[0057] As the strength of the current received at the conducting layer 404 changes,
changes in fresult. The user can sense the change in f, but not the change in Fe (as the
force is below the human perception threshold). Accordingly, the user subconsciously
attributes changes in f'to 4, causing the illusion that roughness of an otherwise smooth
glass surface changes as a function of a position of the digit 106 on the touch-sensitive
display 102. Thus, the user can perceive, at certain programmed locations, changes in
friction.

[0058] With reference now to Fig. 5, an exemplary mobile computing device 500 is
illustrated. The mobile computing device 500 may be any suitable type of mobile
computing device. The mobile computing device 500 comprises a housing 502, which can
house hardware of the mobile computing device 500. The mobile computing device 500
further includes a touch-sensitive display 504 positioned in an aperture of the housing 502.
The touch-sensitive display 504 is shown as displaying a soft input panel 506, which
comprises a plurality of character keys 508-522, wherein each key in the character keys
508-522 is representative of a respective plurality of characters.

[0059] The soft input panel 506 further comprises a mode key 524, wherein selection of
the mode key 524 can cause characters in the character keys 508-520 to be presented as
capital letters in the soft input panel 506. The soft input panel 506 further comprises a
space key 526, wherein selection of the space key 526 places a space between characters.
A language key 528 can cause a language of characters or a dictionary of terms to be
altered when selected. For example, selection of the language key 528 can cause language
of the characters in the character keys 508-522 to change from English to Japanese, as
well as cause an underlying dictionary or language model to alter from English to
Japanese. Other languages are also contemplated. A backspace key 530, when selected by
the user, causes a most recently entered character to be deleted, and an enter key 531,
when selected by the user, can introduce a new line, initiate a particular action, or the like.
[0060] The soft input panel 506 is ergonomically arranged to map to the radial extent of a
thumb 534 of a user of the mobile computing device 500 when the user is holding the
mobile computing device 500 with one hand. Accordingly, the user can enter text using
the soft input panel 506 using her thumb while gripping the mobile computing device 500.
This facilitates entry of text using the soft input panel 506 without requiring the user to

view the touch-sensitive display 504 when shapewriting using the soft input panel 506.
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[0061] Other exemplary layouts that are ergonomically arranged to allow for input of text
by way of the thumb 534 are set forth below. In the example shown in Fig. 5, the user may
desire to enter the word “dog” using the soft input panel 506. To enter such word, the user
can initially position her thumb 534 on the key 516, which represents the letter “d” (along
with the letters “f” and “g”). The user may then transition the thumb 534 to the key 512,
which represents the letter “o” (along with the letter “p”). Thereafter, the user can
transition her thumb 534 over the soft input panel 506 back to the key 516, which
represents the letter “g.” This action is shown by trace 536, which is a continuous
sequence of strokes from the key 516 to the key 512 and back to the key 516. When
entering the word “dog,” the thumb 534 of the user maintains contact with the touch-
sensitive display 2504 (and thus, with the soft input panel 506 displayed thereon). When
the user has completed the word, the user may lift her thumb 534 from the touch-sensitive
display 504.

[0062] In the exemplary embodiment shown in Fig. 5, the soft input panel 506 includes a
curved upper boundary 538. Position of the curved upper boundary 538 on the touch-
sensitive display 504 may be based upon a swipe of the thumb 534 over the touch-
sensitive display 504. For example, the curved upper boundary 538 can correspond to a
maximum radial extent of the thumb 534 of the user when the user is holding the mobile
computing device 500 with her right hand. The soft input panel 506 may also include a
plurality of internal boundaries 540-544, wherein the internal boundaries 540-544 are
concentric with the upper curved boundary 538 and each other. Boundaries 546 and 548
may define an exterior of the plurality of character keys 508-522, and may extend from a
centroid of the curved boundaries 538-544. A plurality of internal boundaries 550 and 552
may further be configured to separate keys in the character keys 508-522.

[0063] As noted above, in an exemplary embodiment, the mobile computing device 500
can be configured to provide haptic feedback to the user when the thumb 534 of the user
transitions over any of the boundaries 538-552 in the soft input panel 206. In the example,
when the user is desiring to enter the word “dog,” haptic feedback can be provided to the
user when the thumb 534 transitions over the boundary 540. Further, haptic feedback can
be provided as the thumb 534 of the user transitions over the boundary 552. Haptic
feedback can also be provided to the user as the thumb 534 of the user transitions over the
boundary 540, and further haptic feedback can be provided to the thumb 534 of the user
when the thumb 534 transitions over the boundary 552 during the trace 536. In another
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exemplary embodiment, haptic feedback can be provided in a checkerboard pattern with
respect to the character keys 508-522.

[0064] Now referring to Fig. 6, an exemplary touch-sensitive display 600 that displays a
plurality of selectable widgets 602-614 is illustrated. While size and location of the
widgets 602 through 614 is shown in a particular manner, it is to be understood that the
widgets may be arranged differently. For instance, the widgets may be smaller, may be
separated by greater distance, etc.

[0065] In this example, each widget represents a respective application which can be
initiated upon selection of the widget. Thus, for instance, the widget 602 can represent a
web browser, wherein the web browser is initiated upon the user selecting the widget 602.
In another example, the widget 604 can represent a telephone application, wherein
selection of the widget 604 causes the telephone application to be initiated. In the example
shown in Fig. 6, haptic feedback can be provided at borders between respective widgets. It
is to be understood, however, that haptic feedback can be provided over an entirety of a
widget, at centers of widgets, etc.

[0066] In the example presented in Fig. 6, the user may wish to select the widget 606,
and thus initiate the application represented by the widget 606 without looking at the
touch-sensitive display 600. The user can generally place the digit 106 near an upper right-
hand corner of the touch-sensitive display 600 and begin transitioning the digit 106
downwardly. Again, when localizing the digit 106 relative to a graphical object, the swipe
is not interpreted as an input gesture. As the user transitions the digit 106 downwardly, the
user will initially perceive that the surface is somewhat rough (as the digit is transitioning
over the shaded region above the widget 604). As the digit 106 reaches the location on the
touch-sensitive display 600 where the widget 604 is displayed, haptic feedback is no
longer provided to the user, and the user perceives that the touch-sensitive display is
smooth at the location corresponding to the widget 604. When the digit 604 reaches the
border between the widget 604 and 606, the user perceives that the surface of the touch-
sensitive display is rough relative to when the digit 106 is positioned over the widget 604.
When the digit 106 reaches the widget 606, the user perceives that the touch-sensitive
display 600 is smooth. Therefore, if the user is generally aware of the layout of widgets,
the user can ascertain that the digit 106 is on the widget 606 without having to look at the
touch-sensitive display 600. Thereafter, the user can set forth the toggle command
described above, and can utilize an input gesture (a tap) to select the widget 606, and thus

initiate the application represented by such widget 606.
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[0067] Referring now to Fig. 7, an exemplary system 700 that facilitates decoding text
input by way of shapewriting is illustrated. Pursuant to an example, a computing device,
such as a mobile computing device, can comprise the system 700 as well as the system
100 shown in Fig. 1. The system 700 comprises a soft input panel 702.

[0068] The soft input panel 702 comprises a plurality of keys 704-720. In the
embodiment shown in Fig. 7, each of the keys 704-720 is a respective character key, in
that each key is representative of a respective plurality of characters. The soft input panel
702 may also include additional keys, such as an “enter” key, a space bar key, numerical
keys, and other keys found on conventional keyboards.

[0069] Again, as shown, each of the keys 704-720 in the soft input panel 702 is
representative of a respective plurality of characters. For example, the key 704 is
representative of the characters “Q,” “W,” and “E,” the key 706 is representative of the
characters “R,” “T,” and “Y,” etc. In other embodiments, characters can be arranged in
alphabetical order or some other suitable arrangement.

[0070] In an exemplary embodiment, the soft input panel 702 is configured to receive
input from a digit of a user by way of shapewriting (e.g., a continuous sequence of strokes
over the soft input panel 702). A stroke, as the term is used herein, is the transition of a
digit (e.g., a thumb) of the user from a first key in the plurality of keys 704-720 to a
second key in the plurality of keys 704-720 while the digit maintains contact with the soft
input panel 702. A continuous sequence of strokes then, is a sequence of such strokes,
where the digit of the user maintains contact with the soft input panel 702 throughout the
sequence of strokes. In other words, rather than the user tapping discrete keys on the soft
input panel 702, the user can employ the digit (or a stylus or pen) to connect keys that are
representative of respective letters in a desired word. A sequence of strokes 722-728
illustrates employment of shapewriting to set forth the word “hello.” While the sequence
of strokes 722-728 is shown as being discrete strokes, it is to be understood that, in
practice, a trace of the digit of the user over the soft input panel 702 may appear as a
continuous, curved shape with no readily ascertainable differentiation between strokes.
[0071] The system further 700 comprises a detector component 730 that detects strokes
set forth by the user over the soft input panel 702. Therefore, for example, the detector
component 730 can detect the sequence of strokes 722-728, wherein the user transitions
her digit from the key 714 to the key 704, followed by transition of her digit to the key
716, followed by her transition of her digit to the key 708.
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[0072] A decoder component 732 is in communication with the detector component 730
and decodes the sequence of strokes 722-728 set forth by the user of the soft input panel
702, such that the decoder component 732 determines a sequence of characters (e.g., a
word) desirably set forth by such user. Pursuant to an example, the decoder component
732 can receive a signal from the detector component 730 that is indicative of the
sequence of strokes 722-728 set forth by the user over soft input panel 702, and can
decode such sequence of strokes 722-728 and output the word “hello.” As each of the keys
704-720 is representative of a respective plurality of characters, the decoder component
732 can disambiguate between potential words that can be constructed based upon the
strokes set forth by the user (e.g., based upon characters in respective keys over which a
trace of the digit has passed or to which the trace of the digit is proximate). Still further,
the decoder component 732 can be configured to correct for possible spelling errors
entered by the user, as well as errors in position of the digit of the user over the keys 704-
720 in the soft input panel 702. As noted above, the soft input panel 702 may be
particularly well-suited for eyes-free entry of text by the user of the soft input panel 702.
Therefore, when the user is interacting with the soft input panel 702, her digit may not be
positioned precisely over respective keys that are desirably selected by the user.

[0073] In connection with performing such decoding, the decoder component 734 can
comprise a shapewriting model 734 that is trained using labeled words and corresponding
traces over soft input panels set forth by users. With more particularity, during a data
collection/model training phase, a user can be instructed to set forth a trace (e.g.,
continuous sequence of strokes) over a soft input panel for a prescribed word. Position of
such trace can be assigned to the word, and such operation can be repeated for multiple
different users and multiple different words. As can be recognized, variances can be
learned or applied to traces for certain words, such that the resultant shape writing model
734 can relatively accurately model sequences of strokes for a variety of different words in
a predefined dictionary. Moreover, if the operation is repeated for sufficiently many
differing words, the shape writing model 734 can generalize to new words, relatively
accurately modeling sequences of strokes for words that are not in the predefined
dictionary but have similar patterns of characters.

[0074] Furthermore, the decoder component 732 can optionally include a language model
736 for a particular language, such as English, Japanese, German, or the like. The
language model 736 can be employed to probabilistically disambiguate between potential

words based upon previous words set forth by the user.
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[0075] The system 700 may further optionally include the speaker 120 that can audibly
output a word or sequence of words decoded by the decoder component 732 based upon
sequences of strokes detected by the detector component 730. In an exemplary
embodiment, the speaker 120 can audibly output the word “hello” in response to the user
performing the sequence of strokes 722-728 over the soft input panel 702. Accordingly,
the user need not look at the soft input panel 702 to receive confirmation that the word
desirably entered by the user has been accurately decoded. Alternatively, if the decoder
component 732 incorrectly decodes a word based upon the sequence of strokes 722-728
detected by the detector component 730, the user can receive audible feedback that
informs the user of the incorrect decoding of the word. For instance, if the decoder
component 732 decodes the word desirably set forth by the user as being “orange,” then
the user can quickly ascertain that the decoder component 732 has incorrectly decoded the
word desirably set forth by the user. The user may then press some button (not shown) that
causes the decoder component 732 to output a next most probable word, which can be
audibly output by the speaker 120. Such process can continue until the user hears the word
desirably entered by such user. In other embodiments, the user, by way of a gesture or
voice command, can indicate a desire to re-perform the sequence of strokes 722-728 such
that the previously decoded word is deleted. In still another example, the decoder
component 732 can decode a word prior to the sequence of strokes being completed, and
display such word prior to the sequence of strokes being completed. For instance, as the
user sets forth a sequence of strokes, a plurality of potential words can be displayed to the
user.

[0076] Furthermore, it can be recognized that the decoder component 732 can employ
active learning to update the shapewriting model 734 or the language model 736 based
upon feedback set forth by the user of the soft input panel 702 when setting forth
sequences of strokes. That is, the shapewriting model 734 can be refined based upon size
of the digit of the user used to set forth the trace over the soft input panel 702, shape of
traces set forth by the user over the soft input panel 702, etc. Similarly, the dictionary
utilized by the shapewriting model 734 or the language model 736 can be updated based
upon words frequently employed by the user of the soft input panel 702 or an application
being executed. For example, if the user desires to set forth a name of a person that is not
included in the dictionary of the shapewriting model 734, the user can inform the decoder
component 732 of the name such that subsequent sequences of strokes corresponding to

such name can be recognized and decoded by the decoder component 732. In another
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example, a dictionary can be customized based upon an application for which text is being
generated; for instance, words/sequences of characters set forth by the user when
employing a text messaging application may be different from words/sequences of
characters set forth by the user when employing an email or word processing application.
[0077] The system 700 may optionally include a microphone 744 that can receive voice
input from the user. The user, as noted above, can set forth a voice indication that the
decoder component 732 has improperly decoded a sequence of strokes, and the
microphone 744 can receive such voice indication. In another exemplary embodiment, the
decoder component 732 can optionally include a speech recognizer component 746 that is
configured to receive spoken utterances of the user and recognize words therein. In an
exemplary embodiment, the user can verbally output words that are also entered by way of
a trace over the soft input panel 702, such that the spoken words supplement the sequence
of strokes and vice versa. Thus, for example, the shapewriting model 734 can receive an
indication of a most probable word output by the speech recognizer component 746
(where the spoken word was initially received from the microphone 744) and can utilize
such output to further assist in decoding a trace set forth over the soft input panel 702. In
another embodiment, the speech recognizer component 746 can receive a most probable
word output by the shapewriting model 734 based upon a trace detected by the detector
component 730, and can utilize such output as a feature for decoding the spoken word.
The utilization of the speech recognizer component 746, the shapewriting model 734, and
the language model 736, can enhance accuracy of decoding.

[0078] Fig. 8 shows an exemplary touchscreen 800 for a computing device, such as a
tablet or mobile phone. The touchscreen 800 comprises a soft input panel (SIP) 802 that
allows a user to select text characters and enter other commands, such as “enter” and
“backspace,” by touching or tracing over the different regions of the touchscreen 800. The
SIP 802 can be used for many different tasks, such as writing text messages or emails,
entering data on a website, performing a global search, etc.

[0079] The SIP 802 comprises a plurality of keys 804-830. Each of the keys can be used
to perform a different command by touching the key. Exemplary commands can include
entering a text character, backspacing, shifting to a different set of keys, etc.

[0080] The SIP 802 can be configured to be used by a person holding a computing device
with one hand. For example, a user can grip a mobile computing device with his right
hand at the bottom right corner and use his right thumb to touch or trace over the various

keys of the SIP 802, or grip a mobile computing device with his left hand at the bottom
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left corner and use his left thumb to touch the various keys of the SIP 802. Each of the SIP
embodiments described herein can be configured to be used by a person holding the
computing device with one hand and using the thumb of that hand to touch the keys of the
SIP. While the exemplary SIPs shown in Figs. 8-13 are configured for use by a person
holding the computing device with his right hand, other embodiments not shown can be
configured for use with the left hand in a similar manner. The keys of a right-handed SIP
(e.g., those shown in Figs. 8-13) can be clustered near the bottom right corner of the
touchscreen. For example, the keys of the SIP 802 in Fig. 8§ are clustered near the bottom
right corner 834 of the touchscreen 800. Similarly, the keys of a left-handed SIP can be
clustered near the bottom left corner (e.g., 836) of the touchscreen. Clustering the keys
near a corner of the touchscreen can make it easier for a user to reach the keys with her
thumb.

[0081] The keys of a SIP can be rectangular, triangular, have other polygonal shapes,
and/or can have shapes at least partially defined by non-linear boundaries. For example,
the keys of the SIP 802 can be partly defined by a plurality of curved or arcuate
boundaries, including a curved upper boundary 838 and curved intermediate boundaries
840, partly defined by a plurality of linear boundaries, some of which are labeled 842,
and/or partly defined by the linear edges of the touchscreen 800. For example, the key 820
is defined by the left edge of the touchscreen 800, one of the linear boundaries 842, and
one of the curved boundaries 840. In some embodiments, the keys can also have rounded
corners.

[0082] A user’s thumb anatomically pivots in an arc motion that is generally centered at a
point adjacent her wrist. The keys of a SIP can therefore be arranged in a corresponding
arced pattern to allow the user to more naturally move her thumb over different keys. The
SIP 802 can comprise curved boundaries between the keys that have a center of curvature
located approximately where a user’s thumb would pivot about her wrist. For example, in
the SIP 802, the curved boundaries 838 and 840 can have one or more centers of curvature
below and/or to the right of the bottom right corner 834 of the touchscreen 800. The
center(s) of curvature of the curved boundaries 838 and 840 can be located, for example,
at or near the bottom right corner of the computing device, or farther away from the
touchscreen 800, such as below and to the right of the bottom right corner of the
computing device, such as where a user’s thumb-wrist joint would be located when
holding the computing device in the right hand. In some embodiments, one or more of the

curved boundaries 838-840 can be concentric.
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[0083] In some embodiments, one of the curved boundaries can intersect with the
opposite bottom corner of the touchscreen. For example, one of the boundaries 840
intersects with the bottom left corner 836 in Fig. 8. The number of curved boundaries in a
SIP can vary, such as from one to 5 or more. In some embodiments, the curved boundaries
can be equally spaced apart radially, such that the keys defined between the curved
boundaries have an equal radial height (as measured from the center of curvature of the
curved boundaries).

[0084] Some of the keys of a SIP can be larger or smaller than other keys. For example,
some of the keys can have a greater area than other keys. For instance, the key 828 in Fig.
8 has a greater area than many of the other keys. Some of the keys can be wider or longer
than other keys. For example, the key 828 is longer than the keys 816 and 818, and those
keys are longer than the keys 810, 812 and 814. The size of a key can make it casier for a
user to locate and touch that key (e.g., locate and trace over the key). More commonly
used keys can be made larger in area in some SIPs. For example, the space bar key 822
can be larger than many other keys because the spacebar key is very commonly used.
Other, less commonly used keys can be made smaller.

[0085] The location of a key on the SIP 802 can also make that key easier or more
difficult to reach. For example, the alpha keys (804-818) of the SIP 802 can be clustered in
the center of the SIP 802 to make them more readily reachable. Other commonly used
keys, such as the backspace key 824, can be located to the side of the letter keys where
they are also readily accessible by the user’s thumb since they are also positioned along
the natural arc path made by the thumb. On the other hand, lesser used keys, such as the
language key 830 (labeled “ENU”) can be positioned near the bottom/inner corner of the
SIP 802 (e.g., near the bottom right corner 834 in Fig. 8) or other fringes of the SIP 802
where it is more difficult to reach. Positioning the keys in a manner similar to a common
QWERTY keyboard can also make it easier and faster for a user to locate the keys. For
example, the backspace key 824 and return key 826 can be located on the right hand side
of the SIP 802, like they are on a QWERTY keyboard, to make locating those keys more
intuitive for a user.

[0086] A user can have a limited range when using his thumb to touch the keys of a SIP.
The thumb range may be limited radially, such as by a maximum radial reach and/or by a
minimum radial reach. Depending on the user’s anatomy, the way she holds the device,
and the size of the device, the maximum and/or minimum radial reach limits of her thumb

can vary. The maximum radial boundary of the SIP 802 can be positioned to correspond to
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the maximum reach limit of the user’s thumb. The maximum radial boundary can
comprise a curved upper boundary of the SIP, such as the upper boundary 838.

[0087] In some cases, a user can bend his thumb inward far enough to reach the bottom
corner of the touchscreen 800 near the ball of the thumb, while in other cases there can be
a region of the touchscreen 800 adjacent the bottom corner near the ball of the thumb that
the user cannot easily reach with his thumb, such as with user’s having relatively large
thumbs. Thus, in some embodiments, an area of the touchscreen 800 near that bottom
corner can be left open or empty and not be part of the SIP 802. The radial limits of the
SIP 802 can be set or adjusted by the user swiping his thumb radially in a full range of
motion, which can be done to initially invoke or open the SIP 802, for example.

[0088] In some embodiments, the SIP 802 can extend angularly (perpendicular to the
radial direction) about a 90° angle from one side of the touchscreen to the bottom of the
touchscreen, as shown in Figs. 8-13. In some embodiments, the SIP 802 can also partially
border the opposite side edge, as shown in Figs. 8-13. For instance, in Fig. 8, keys 820 and
822 can appear to intersect with the leftward edge of the touchscreen 800. In other
embodiments, the SIP 802 can extend angularly about an angle of less than 90°, such as
between 45° and 90°. For example, in some cases a user’s thumb can have a limited
angular mobility such that it cannot readily be pivoted a full 90° from the side edge of the
touchscreen 800 to the bottom edge of the touchscreen 800. Thus, the touchscreen 800, in
some embodiments, can have open or non-functional areas near the side edge and/or near
the bottom edge that are not part of the SIP 802 and/or do not have any of the keys of the
SIP 802. In some embodiments, these non-key regions of the SIP 802 or touchscreen 800
can be used for display purposes instead of input purposes.

[0089] In some embodiments, the SIP 802 can be switched between a right handed
configuration and a left handed configuration. Thus, if a user switches hands, the SIP 802
can be configured to switch to the opposite bottom corner of the touchscreen 800. In some
embodiments, the mobile device can sense which hand the user is holding the device in.
For example, the mobile device can comprise gyroscopic sensors, pressure sensors, and/or
other types of sensors that can be used to determine which hand the user is holding the
device with. In other embodiments, the user can provide an input to cause the SIP 802 to
switch sides. For example, the user can press a key in the SIP 802 that can cause the SIP
802 to switch sides or set forth a voice command that causes the SIP 802 to switch sides.
In some embodiments, the user can slide her thumb (or any other finger or stylus) laterally

across the bottom of the touchscreen (e.g., in the directions of arrow 850 in Fig. §) to
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cause the SIP 802 to switch sides. For example, if the SIP 802 is at the bottom right corner
834, the user can slide her thumb from right to left across the bottom of the touchscreen to
cause the SIP 802 to switch to the bottom left corner 836. In some embodiments, the user
can swipe her thumb in an arc motion about a bottom corner of the touchscreen (e.g., in
the directions of arrow 852 in Fig. §) to cause the SIP 802 to switch to that corner. Various
other sensory or user input means can also be used to cause the SIP 802 to switch to a
different corner of the touchscreen 800.

[0090] The radial and/or angular size of the SIP 802 can also be adjusted. In some
embodiments, the radial size of the SIP 802 can be adjusted by swiping the thumb radially
from near the bottom corner of the SIP 802 (e.g., in the outward direction of arrow 854 or
arrow 856 in Fig. 8). The touchscreen 800 can sense the maximum extent of the user’s
thumb reach from the radial thumb swipe and the radial size of the SIP 802 can be set or
adjusted in response to the swipe and/or based on the user’s thumb reach. In some
embodiments, the minimum reach of the user’s thumb can also be determined from a
radial thumb swipe. Thus, the radial boundaries of the SIP 802 can be set or adjusted
based on the start and end of the user’s radial swipe. In some cases, the user can input a
plurality of radial swipes and the average, maximum, minimum, or other function of those
swipes can be used to set the radial boundaries of the SIP 802. In some embodiments, the
radial boundaries of the SIP 802 can be set or adjusted based on one or more arcuate
angular swipes made by the user. For example, a user can input a plurality of arcuate
angular swipes at different radial positions to provide a range of reach for the user’s
thumb. In some embodiments, a user can customize the radial boundaries of the SIP 802 in
other manners, such as entering coordinates or dimensions, selecting from pre-set
configurations, etc.

[0091] Similarly, the angular boundaries of the SIP 802 can be adjusted based on user
input. In some embodiments, the angular boundaries of the SIP 802 can be adjusted by
swiping angularly in an arc, such as in the directions of arrow 852 in Fig. 8 (or in the
opposite direction). The touchscreen 800 can sense the maximum extent of the user’s
angular thumb reach from one or more swipes and the angular boundaries of the SIP 802
can be set according to the ends of the swipe(s) or some other function of the swipe(s). In
some embodiments, a user can customize the angular boundaries of the SIP 802 in other
manners, such as entering coordinates or dimensions, selecting from pre-set

configurations, etc.
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[0092] In some embodiments, a user can close or put away the SIP 802 by swiping
radially or vertically from near the top of the SIP 802 downward or toward a corner (e.g.,
in the inward direction of the arrow 854 or the arrow 856 in Fig. 8). Similarly, a user can
re-open or bring back up the SIP 802 by swiping vertically or radially from a corner. Such
a swipe to re-open the SIP 802 can at the same time be used to measure the thumb reach of
the user to size the SIP 802.

[0093] In some embodiments, various gestures or other actions can be used to manipulate
the SIP 802. Swiping across the touchscreen 800 is one example of such a gesture. Other
examples can include double tapping certain keys or region, pinching motions using two
fingers, spreading two fingers apart across the touchscreen 800, etc. For example, in some
embodiments, double tapping the spacebar key can insert a period.

[0094] Flicking or swiping with a finger can provide various functions, as described
herein. In some embodiments, flicking or swiping actions can be performed before, after,
or during text entry, such as to open or close the SIP 802, to resize the SIP 802, or to
switch the SIP 802 to the opposite side or bottom corner.

[0095] In some embodiments, the SIP 802 can comprise one key for each letter of the
alphabet. In other embodiments, the SIP can include one or more keys that can be used to
enter more than one letter, such as in the embodiments shown in Figs. 8-13. Because the
SIP 802 is limited in area by the reach of the user’s thumb, space is limited and there may
not be enough room to have one key for every letter and keys for other important functions
like return, space, shift, etc. Thus, by grouping plural letters on some of the keys, fewer
keys are needed and the each key can be made larger so they are easier to locate touch
without accidentally touching the adjacent keys.

[0096] When a user traces over keys used for plural letters, such as the key 804 in Fig. 8,
a disambiguation program/process can be used to determine which letters/words the user
intends to enter. For example, the device can analyze plural keys traced over in sequence
to determine possible words that the user may be trying to spell. If multiple possible words
are determined, the various options can be output (e.g., audibly) to the user for selection
(sometimes referred to as Input Method Editor candidates) and/or the device can select one
of the words for the user, such as the most commonly typed word or a word that fits
grammatically.

[0097] In the SIP 802 in Fig. 8, different keys have different numbers of letters
associated with them. The keys 804, 806, 814, and 816 each are associated with four
letters, the keys 812 and 818 are associated with three letters, and the keys 808 and 810 are
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associated with two letters. Generally, less commonly used letters, such as “Q” and “Z”
can be grouped with more other letters, while more commonly used letters, such as “A”
and “O” can be grouped with fewer other letters. In some embodiments, the letters can be
grouped such that the various different keys are used more equally in text entry.

[0098] With more particularity, the SIP 802 comprises three rows of alphabetic keys,
wherein each row includes multiple keys, and each key (or at least a plurality of the keys)
represents respective multiple alphabetical characters. The alphabetical characters, in an
exemplary embodiment, are arranged in accordance with the QWERTY standard. A first
row of keys includes keys 804, 806, and 808, a second row of keys includes keys 810,
812, and 814, and a third row of keys includes keys 816 and 818. As shown, the first row
of keys may be the row positioned furthest from the corner 834 (or corner 836) from
amongst all rows, the second row of keys may be positioned adjacent to the first row and
closer to the corner 834 (or corner 836), and the third row of keys may be positioned
adjacent to the second row and still closer to the corner 834 (or corner 836) when
compared to position of the first row and the second row. Thus, it can be ascertained that
at least one row of keys in the SIP 802 that represent alphabetical characters is composed
of two keys, while at least one other row of keys in the SIP 802 that represent alphabetical
characters is composed of at least three keys. Causing the third row of keys that are
representative of multiple alphabetical characters to be composed of two keys can be
undertaken to ease input of alphabetical characters through tracing over such keys by way
of the thumb of the user. Further, utilizing eight keys (rather than nine) to represent all
alphabetical characters can be found to have little detriment when disambiguating text
entered by way of shapewriting over the SIP 802.

[0099] As shown, in the first row of keys, the key 804 can represent the alphabetical
characters “Q,” “W,” “E,” and “R,” the key 806 can represent the alphabetical characters
“T,” “Y,” “U,” and “L,” and the key 808 can represent the alphabetical characters “O” and
“P.” Thus, a key that represents four alphabetical characters can be positioned in a row of
keys that represent alphabetical characters immediately adjacent to a key that represents
two characters. In the second row of keys, the key 810 can represent the alphabetical
characters “A” and “S,” the key 812 can represent the alphabetical characters “D,” “F,”
and “G,” and the key 814 can represent the alphabetical characters “H,” “J,” “K,” and “L.”
Therefore, a key that represents two alphabetical characters can be positioned in a row of
keys that represent alphabetical characters immediately adjacent to a key that represents

three alphabetical characters. Additionally, a key that represents three alphabetical
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characters can be positioned in a row of keys that represent alphabetical characters
immediately adjacent to a key that represents four alphabetical characters. Finally, in the
third row of keys, the key 816 can represent the characters “Z,” “X,” “C,” and “V,” and
the key 818 can represent the characters “B,” “N,” and “M.” Again, the third row of keys
can include two keys, while the first and second row of keys can each include three keys.
[00100] In an exemplary embodiment, arrangement of keys and/or alphabetical characters
represented by keys can be selected to substantially optimize the ability of the mobile
device to disambiguate text desirably generated by the user through shapewriting over the
SIP 802. For example, constraints pertaining to design of the SIP 802 can be set forth:
exemplary constraints include a constraint on the sequence or relative layout of
alphabetical characters to be represented by keys (e.g., to substantially conform to a
QWERTY layout), a constraint that restricts character groupings to which a particular
alphabetical character can belong (e.g., an alphabetical character can belong to an arbitrary
number of character groups, except that the alphabetical character can only belong to
neighboring groups from an initially prescribed group), amongst other constraints.
[00101] A dictionary of words that can be generated by way of the SIP 802 can be
received, wherein words in the dictionary of words have, for instance, some indication of
frequency/probability of use of such words corresponding thereto. Integer programming
can be employed to locate groups of characters that satisfy imposed constraints, and an
optimization function can be utilized to identify groupings of characters that allow for
substantially optimal disambiguation. In an example, a word in the English language
desirably entered by way of the SIP 802 can be “this”; first, the thumb of the user is
positioned over the key 806 and then transitioned to the key 814, followed by transition of
the thumb to the key 806, followed by transition of the thumb to the key 810. All possible
candidate words that can be generated using such sequence of keys, with characters
grouped as shown in Fig. 8, can be identified, sorted by probability or frequency of use in
the English language. A score is then assigned based upon position of the desired word
“this” in the candidate words. For instance, if the word “this” is first in the candidate
words, a first, high score can be output, while if the word “this” is lower in the candidate
words, a lower score (or zero score) can be output. This process can be undertaken for
each word in a dictionary, for instance, and for each possible grouping of characters that
conforms to the constraints. The grouping of characters with the highest score can be
output as the desired grouping of characters. Such score can be a highest aggregate score

across all words in the dictionary, potentially with words weighted as a function of
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frequency of use (popularity) of such words. For instance, the characters grouped as
shown in the SIP 802 of Fig. 8 can be optimized for a certain dictionary and scoring
function, given constraints of character sequence, maximum number of characters that can
be represented by a single key, minimum number of characters that can be represented by
a single key, amongst other constraints. In yet another embodiment, the groupings can be
optimized based upon a dictionary of a user of the mobile device, as different users may
have different vocabularies and use words with differing frequencies.

[00102] While integer programming is an exemplary technique for identifying groupings
of characters in the SIP 802, it is to be understood that other techniques are contemplated.
For example, genetic algorithms can be employed to learn an optimal layout for a certain
dictionary of terms with known/assumed frequency/probability of user. Still further, while
the SIP 802 illustrates English characters, it is to be understood that groupings of
characters can be undertaken using characters of other language, such as Japanese.
[00103] Fig. 9 shows a touchscreen 900 with another embodiment of a SIP 902 having
letter group keys 904-920. These letter keys are also each associated with more than one
letter, though the keys 904-920 are grouped differently than the keys 804-818. The SIP
902 has four letter keys 904-910 across the top row, whereas the SIP 802 has three letter
keys 804-808 across the top row, allowing fewer letters on some of the keys of the SIP
902. In various different embodiments, the letters can be grouped in any different manner
on any number of different keys of various sizes and positions.

[00104] In some embodiments, a SIP can comprise a key that switches the SIP back and
forth between having one key for every letter and having one or more keys having groups
of letters associated with them. Thus, a user can use such a key to select a text entry style
from these different options, depending on particular circumstances or preferences.
[00105] In some embodiments, the non-letter keys, such as the keys 922, 924, 926, 928,
930, and 932 can maintain their general position relative to the letter keys when the SIP
902 is switched from one side of the touchscreen to the other, as when a user switches
hands. For example, in some embodiments, the spacebar key can remain in a position
below the letter keys whether the SIP 902 is on the left or the right side. In other
embodiments, the spacebar key can remain to the left, or to the right, of the letter keys
whether the SIP is on the left or the right side. In other embodiments, the space bar key
can remain positioned adjacent the bottom edge of the touchscreen to the side of the letter
keys, as in Fig. 8, such that the spacebar key is to the left of the letter keys when the SIP
902 is on the right side and the spacebar key is on the right side of the letter keys when the

32



10

15

20

25

30

WO 2014/058940 PCT/US2013/063965

SIP 902 is on the left side. Other keys, such as the return key, backspace key, and capitals
key can similarly be configured to maintain their positional relationship to the letter keys
and/or to each other as the SIP 902 is switched from side to side.

[00106] As a user’s thumb reaches farther up the SIP 902, the flatter pad of the thumb is
used to touch the SIP 902, resulting in a larger contact area when touching the SIP farther
from the bottom corner. On the other hand, when the thumb is bent sharply to reach the
keys closer to the bottom corner of the SIP 902, the tip of the thumb is used to touch the
keys, resulting in a smaller contact area. Thus, in some embodiments, some keys can have
different heights and/or areas than other keys. In some embodiments, different rows of
keys can have different heights and/or areas than other rows of keys. For example, in some
embodiments, the keys farther from the bottom corner of the touchscreen 900 can have a
larger height and/or area than the keys closer to the bottom corner. The outermost or
uppermost row of keys can have a greater height than the lower rows of keys. The height
of the keys can increase gradually from row to row as a function of the distance of the row
from the bottom corner to correspond to the flattening of the thumb as it reaches farther up
the SIP 902.

[00107] The SIP 902 shown in Fig. 9 comprises three rows of alphabetical character keys
(also referred to as letter keys), wherein each key in the rows of keys represents
alphabetical characters. The first row is composed of four keys: the key 904, which
represents the characters “Q,” “W,” and “E,” the key 906, which represents the characters
“R” and “T,” the key 908, which represents the characters “Y,” “U,” and “I,” and the key
910, which represents the characters “O” and “P.” The second row of keys is composed of
three keys: the key 912, which represents the characters “A” and “S,” the key 914, which
represents the characters “D,” “F,” “G,” and “H,” and the key 916, which represents the
characters “J,” “K,” and “L.” The third row is composed of two keys: the key 918, which
represents the characters “Z,” “X,” “C,” and “V,” and the key 920, which represents the
characters “B,” “N,” and “M.” Accordingly, the rows of alphabetical characters in the SIP
902 include a row with four keys, a row with three keys, and a row with two keys. When
choosing character groupings in the keys, for instance, constraints can be set forth,
including the constraint that the characters are sequentially arranged in accordance with a
QWERTY keyboard, and the constraint on the number of keys in each row. The character
groupings across the keys can be optimized for disambiguating words in a dictionary

(weighted by frequency of use, for instance) given the constraints.
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[00108] Figs. 8-13 show several different embodiments of SIPs having different
combinations of the characteristics described above. The SIPs 802, 902, and 1302 in Figs.
8,9, and 13, respectively, comprise arced boundaries in the angular direction and linear
boundaries in the radial direction. The SIPs 1002, 1102, and 1202 in Figs. 10, 11, and 12,
respectively, comprise slanted linear boundaries instead of angular/radial boundaries.
[00109] Fig. 10 shows a touchscreen 1000 having an embodiment of a STP 1002
comprising keys 1004-1034 that each has a polygonal shape with linear boundaries. The
keys 1004-1022 each have a rectangular shape defined by linear boundaries, some of
which are labeled 1042, that slant from the bottom right toward the top left, and linear
boundaries, some of which are labeled 1044 and 1040, that are perpendicular to the
boundaries 1042. The keys 1024 through 1034 are triangular, being partially defined by
the slanted boundaries 1042, 1044, and 1040, and partially defined by the orthogonal
bottom and side edges of the touchscreen 1000. The keys 1004-1018 are arranged
similarly as in the SIP 802 of Fig. 8, with similar groupings of characters across the letter
keys 1004-1018.

[00110] Fig. 11 shows another touchscreen 1100 having an embodiment of a SIP 1102
comprising keys 1104 through 1136 that each has a polygonal shape with linear
boundaries. The keys 1104 through 1124 each have a rectangular shape defined by linear
boundaries, some of which are labeled 1144, that slant from the bottom right toward the
top left, and linear boundaries, some of which are labeled 1146 and 1142, that are
perpendicular to the boundaries 1144. The keys 1126 through 1136 are triangular, being
partially defined by the slanted boundaries 1142, 1144, and 1146, and partially defined by
the orthogonal bottom and side edges of the touchscreen 1100. The keys 1104-1120 are
arranged similarly as in the SIP 902 of Fig. 9, with similar groupings of characters across
the letter keys 1104-1120.

[00111] Fig. 12 shows yet another touchscreen 1200 having an embodiment of a SIP 1202
comprising keys 1204 through 1242 that each has a polygonal shape with linear
boundaries. The keys 1204 through 1230 each have a rectangular shape defined by linear
boundaries, some of which are labeled 1250, that slant from the bottom right toward the
top left, and linear boundaries, some of which are labeled 1252 and 1246, that are
perpendicular to the boundaries 1250. The keys 1232 through 1242 are triangular, being
partially defined by the slanted boundaries 1246, 1250, and 1252, and partially defined by
the orthogonal bottom and side edges of the touchscreen 1200.

34



10

15

20

25

30

WO 2014/058940 PCT/US2013/063965

[00112] The SIP 1202 includes three rows of letter keys, wherein a first row is composed
of five keys: 1204-1212, wherein the key 1204 represents the characters “Q” and “W,” the
key 1206 represents the characters “E” and “R,” the key 1208 represents the characters
“T” and “Y,” the key 1210 represents the characters “U” and “I,” and the key 1212
represents the characters “O” and “P.” The second row is also composed of five keys:
1214-1222, wherein the key 1214 represents the characters “A” and “S,” the key 1216
represents the characters “D” and “F,” the key 1218 represents the characters “G” and
“H,” the key 1220 represents the characters “J” and “K,” and the key 1222 represents the
characters “L” and “M.” The third row is composed of two keys: 1224 and 1226, wherein
the key 1224 represents the characters “Z,” “X,” and “C,” and the key 1226 represents the
characters “V,” “B,” and ‘“N.” Therefore, the SIP 1202 comprises two rows of letter keys
that each include five keys and a row of letter keys that include two keys. Further, the SIP
1202 comprises keys representative of two alphabetical characters and three alphabetical
characters, but fails to include a key that is representative of four alphabetical characters.
With respect to the SIP 1202, the constraints imposed when determining a manner in
which to group alphabetical characters can be a sequence of the characters (QWERTY), a
number of rows of characters (e.g., 3), and a number of keys in each of the rows.

[00113] Additionally, as shown, the SIP 1202 comprises a fourth row that includes keys
1228 and 1230, wherein such keys are representative of respective punctuation marks,
such as a period and comma. The fourth row may additionally include other keys that are
representative of punctuation marks commonly used, such as a question mark, colon,
semicolon, etc. Still further, the SIP 1202 comprises the key 1240, which is split from the
key 1242.

[00114] Fig. 13 shows a touchscreen 1300 having an embodiment of a STP 1302
comprising keys 1304 through 1336 that are partially defined by linear slanted radial
boundaries, some of which are labeled 1346, partially defined by curved or arced
boundaries 1342 and 1344, and/or partially defined by the side edges and bottom edge of
the touchscreen 1300, much like the SIPs 802 and 902 in Figs. 8 and 9. The SIP 1302 can
include a “MULTTI” key 1334 that allows a user to switch to an alternative key layout,
such as a layout having a different key for each letter in the alphabet. This can allow a user
to manually type in words that the disambiguation program does not suggest, such as
words that are not stored in dictionary of words that the disambiguation program relies

upon.
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[00115] The SIP 1302 comprises three rows of letter keys. A first row is composed of
three keys: the key 1304, which represents the characters “Q,” “W,” and “E,” the key
1306, which represents the characters “R,” “T,” “Y,” and “U.” and the key 1308, which
represents the characters “I,” “0,” and “P.” A second row is composed of three keys: the
key 1310, which represents the characters “A,” “S,” and “D,” the key 1312, which
represents the characters “F,” “G,” and “H,” and the key 1314, which represented the
characters “J,” “K,” and “L.” A third row is composed of two keys: the key 1316, which
represents the characters “Z,” “X,” “C,” and “V,” and the key 1318, which represents the
characters “B,” “N,” and “M.” The groupings of characters with the keys, in the SIP 1302,
as noted above, can be undertaken to optimize disambiguation of words in a particular
dictionary (e.g., the dictionary of words employed by a user of the mobile device that
includes the SIP 1302) given specified layout constraints.

[00116] The SIPs 1002, 1102, and 1202 differ in the grouping of the letters on the letter
keys and the number of the letter keys. The SIP 1002 comprises three keys 1004, 1006,
1008 in the uppermost row of letter keys and the three keys 1010, 1012, 1014 in the
second row of letter keys. The SIP 1102 comprises four keys 1104, 1106, 1108, 1110 in
the uppermost row of letter keys, and three keys 1112, 1114, 1116 in the second row of
letter keys. The SIP 1202 comprise five keys 1204 through 1212 in the uppermost row of
letter keys, and five keys 1214 through 1222 in the second row of letter keys. The ten keys
1204 through 1222 in the SIP 1202 each have the same height and width, and each
correspond to two letters.

[00117] While the SIPs 1002, 1102, and 1202 do not comprise curved or arced rows of
keys like the SIPs 802 and 902, they can similarly be configured be accessible by a user’s
thumb reaching from either of the bottom corners of the touchscreen, and can be sized and
switched between the two bottom corners in similar manners. Furthermore, with respect to
any of the SIPs described herein, a gesture can cause an SIP to be unhidden (displayed on
a touchscreen) or hidden (removed from display on the touchscreen). Furthermore, any of
the SIP features described herein can be applied to both the arced SIPs 802 and 902 and
the slanted SIPs 1002, 1102 and 1202 in similar manners.

[00118] In some embodiments, the SIP can comprise a key, such as the language key 830,
which allows the user to switch between different languages. In some embodiments, the
SIP can be configured to be used with non-Latin languages, such as Arabic. In such cases,
the layout of the keys and boundaries of the SIP can be adjusted to fit different numbers of

characters and other functions that are used for text entry in other languages. Thus, when a
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user hits the language key to switch to a different language, the layout of the SIP can
automatically adjust to a different layout to accommodate the different language.

[00119] While the keyboard layouts have been described as being for SIPs in Figs. 8-13, it
is to be understood that such keyboard layouts can be included in other touch-sensitive
input panels that facilitate text entry by way of shapewriting. Furthermore, with respect to
any of the SIPs shown in Figs. 8-13, haptic feedback can be provided to assist the user in
localizing a digit relative to one or more keys as well as to assist the user in generating
text. For example, haptic feedback can be provided at borders between keys, such that the
user perceives greater surface friction at borders when the digit transitions over such
borders.

[00120] Figs. 14-16 illustrate exemplary methodologies relating to provision of haptic
feedback to users of computing devices having touch-sensitive displays. While the
methodologies are shown and described as being a series of acts that are performed in a
sequence, it is to be understood and appreciated that the methodologies are not limited by
the order of the sequence. For example, some acts can occur in a different order than what
is described herein. In addition, an act can occur concurrently with another act. Further, in
some instances, not all acts may be required to implement a methodology described
herein.

[00121] Moreover, the acts described herein may be computer-executable instructions that
can be implemented by one or more processors and/or stored on a computer-readable
medium or media. The computer-executable instructions can include a routine, a sub-
routine, programs, a thread of execution, and/or the like. Still further, results of acts of the
methodologies can be stored in a computer-readable medium, displayed on a display
device, and/or the like.

[00122] With reference now to Fig. 14, an exemplary methodology 1400 that facilitates
eyes-free interaction with a touch-sensitive display is illustrated. The methodology 1400
starts at 1402, and at 1404 a graphical object is displayed on the touch-sensitive display.
For instance, the graphical object can correspond to an application installed on a
computing device that includes the touch-sensitive display. As noted above, such
application may be a text entry application that utilizes a soft input panel to generate text.
Accordingly, the graphical object may be a key in the soft input panel.

[00123] At 1406, a digit is detected as being in contact with the touch-sensitive display at

a location that corresponds to the graphical object. Such location may be anywhere on the
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graphical object, at the center of the graphical object, or at a border immediately adjacent
to the graphical object that separates the graphical object from another graphical object.
[00124] At 1408, responsive to detecting that the digit is in contact with the touch-
sensitive display at the location that corresponds to the graphical object, haptic feedback is
provided to the digit without providing input to the application that corresponds to the
graphical object. For example, such haptic feedback can be perceived by the user when the
digit is transitioning over the touch-sensitive display. Thus, the location may be, for
example, on the graphical object, and as the user moves the digit while remaining on the
graphical object, the user can perceive that the surface is somewhat rough compared to
another location on the touch-sensitive display. As described above, such haptic feedback
can be employed to assist the user in ascertaining where on the touch-sensitive display the
digit of the user is relative to the graphical object.

[00125] At 1410, subsequent to providing the haptic feedback, a toggle command set forth
by the user is identified. Such toggle command can be an increase in pressure applied by
the user to the touch-sensitive-display using the digit, a removal of the digit from the
touch-sensitive display, a voice command, a tilting of the computing device, a shaking of
the computing device, a double tap, etc. At 1412, subsequent to the identifying of the
toggle command, an input gesture with respect to the graphical object is detected. For
instance, such input gesture may be a stroke (swipe) over the graphical object. In another
example, the input gesture may be a tap, a double tap, a pinch, a rotation, or other suitable
gesture that can be set forth on a touch-sensitive display. At 1414, input data is transmitted
to the application based upon the input gesture. Additionally, optionally, other haptic
feedback can be provided as the user is setting forth the input gesture. The methodology
1400 completes 1416.

[00126] Now referring to Fig. 15, an exemplary methodology 1500 for providing haptic
feedback for purposes of assisting in localizing a digit relative to a graphical object on a
touch-sensitive display and for assisting a user in generating text via shapewriting is
illustrated. The methodology 1500 starts at 1502, and 1504 a soft input panel is displayed
on a touch-sensitive display of a computing device. In an exemplary embodiment, the soft
input panel can comprise a plurality of selectable keys, wherein each key in the plurality
of keys represents a respective plurality of characters. Furthermore, the soft input panel
can be used by an application for purposes of generating text.

[00127] At 1506, a digit is detected as being transitioned over a first subset of keys in the

plurality of keys. For example, a user can swipe a digit over the first subset of keys.
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[00128] At 1508, responsive to detecting that the digit as being transitioned over the first
subset of keys in the plurality of keys, first haptic feedback is provided, wherein the first
haptic feedback is indicative of locations on the touch-sensitive display of respective keys
in the first subset of keys being transitioned over by the digit. This can be done for
purposes of assisting the user in locating one or more keys in the subset of keys.
Accordingly, input is not provided to the text generation application.

[00129] At 1510, a determination is made regarding whether a toggle command has been
detected. If the toggle command has not been detected, then the methodology returns to
1508, where haptic feedback is provided to the user as the user moves the digit over the
touch-sensitive display. If a toggle command is detected, which indicates that the user
wishes to generate text and provide input to the text generation application, then at 1512,
the digit is detected as being transitioned over a second subset of keys in the plurality of
keys. Thus, the user is employing shapewriting to generate text by, for example,
connecting keys that represent characters in a desirably generated word.

[00130] At 1514, second haptic feedback is provided, wherein the second haptic feedback
is indicative of locations on the touch-sensitive display of respective keys in the second
subset of keys being transitioned over by the digit. At 1516, input data is provided to the
text generation application based upon the detecting that the digit is being transitioned
over the second subset of keys of the soft input panel. The methodology 1500 completes at
1518.

[00131] Turning now to Fig. 16, an exemplary methodology 1600 that facilitates providing
haptic feedback to assist a user in connection with initiating an application on a computing
device that comprises a touch-sensitive display is illustrated. The methodology 1600 starts
at 1602, and 1604 a graphical icon that initiates an application, when selected, is displayed
on a smooth touch-sensitive display. Such graphical icon can be displayed together with a
plurality of other selectable graphical icons.

[00132] At 1606, a digit of the user is detected as being at a location corresponding to the
graphical icon on the touch-sensitive display. Again, such location may be anywhere on
the graphical icon, at a center of the graphical icon, at a border that separates the graphical
icon from some other graphical icon, etc.

[00133] At 1608, first haptic feedback is provided based upon the detecting that the digit
of the user is at the location that corresponds to the graphical icon. Such haptic feedback
assists the user in recognizing the location of the graphical icon on the touch-sensitive

display without requiring the user to look at the touch-sensitive display.
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[00134] 1t 1610, a toggle command set forth by the user is identified. At 1612, subsequent
to identifying the toggle command, an input gesture with respect to the graphical icon is
detected. For instance, such input gesture may be a tapping or double tapping of the
graphical icon. At 1614, the application is initiated responsive to the detecting that the
input gesture has been made with respect to the graphical icon. The methodology 1600
completes at 1616.

[00135] Referring now to Fig. 17, a high-level illustration of an exemplary computing
device 1700 that can be used in accordance with the systems and methodologies disclosed
herein is illustrated. For instance, the computing device 1700 may be used in a system that
provides haptic feedback to facilitate eyes-free interaction with a touch-sensitive display.
By way of another example, the computing device 1700 can be used in a system that
supports shapewriting. The computing device 1700 includes at least one processor 1702
that executes instructions that are stored in a memory 1704. The instructions may be, for
instance, instructions for implementing functionality described as being carried out by one
or more components discussed above or instructions for implementing one or more of the
methods described above. The processor 1702 may access the memory 1704 by way of a
system bus 1706. In addition to storing executable instructions, the memory 1704 may also
store locations of graphical objects on a touch-sensitive display, a shapewriting model, a
language model, and so forth.

[00136] The computing device 1700 additionally includes a data store 1708 that is
accessible by the processor 1702 by way of the system bus 1706. The data store 1708 may
include executable instructions, defined locations where haptic feedback is desirably
provided, etc. The computing device 1700 also includes an input interface 1710 that
allows external devices to communicate with the computing device 1700. For instance, the
input interface 1710 may be used to receive instructions from an external computer device,
from a user, etc. The computing device 1700 also includes an output interface 1712 that
interfaces the computing device 1700 with one or more external devices. For example, the
computing device 1700 may display text, images, etc. by way of the output interface 1712.
[00137] It is contemplated that the external devices that communicate with the computing
device 1700 via the input interface 1710 and the output interface 1712 can be included in
an environment that provides substantially any type of user interface with which a user can
interact. Examples of user interface types include graphical user interfaces, natural user
interfaces, and so forth. For instance, a graphical user interface may accept input from a

user employing input device(s) such as a keyboard, mouse, remote control, or the like and
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provide output on an output device such as a display. Further, a natural user interface may
enable a user to interact with the computing device 1700 in a manner free from constraints
imposed by input device such as keyboards, mice, remote controls, and the like. Rather, a
natural user interface can rely on speech recognition, touch and stylus recognition, gesture
recognition both on screen and adjacent to the screen, air gestures, head and eye tracking,
voice and speech, vision, touch, gestures, machine intelligence, and so forth.

[00138] Additionally, while illustrated as a single system, it is to be understood that the
computing device 1700 may be a distributed system. Thus, for instance, several devices
may be in communication by way of a network connection and may collectively perform
tasks described as being performed by the computing device 1700.

[00139] Various functions described herein can be implemented in hardware, software, or
any combination thereof. If implemented in software, the functions can be stored on or
transmitted over as one or more instructions or code on a computer-readable medium.
Computer-readable media includes computer-readable storage media. A computer-
readable storage media can be any available storage media that can be accessed by a
computer. By way of example, and not limitation, such computer-readable storage media
can comprisc RAM, ROM, EEPROM, CD-ROM or other optical disk storage, magnetic
disk storage or other magnetic storage devices, or any other medium that can be used to
carry or store desired program code in the form of instructions or data structures and that
can be accessed by a computer. Disk and disc, as used herein, include compact disc (CD),
laser disc, optical disc, digital versatile disc (DVD), floppy disk, and blu-ray disc (BD),
where disks usually reproduce data magnetically and discs usually reproduce data
optically with lasers. Further, a propagated signal is not included within the scope of
computer-readable storage media. Computer-readable media also includes communication
media including any medium that facilitates transfer of a computer program from one
place to another. A connection, for instance, can be a communication medium. For
example, if the software is transmitted from a website, server, or other remote source using
a coaxial cable, fiber optic cable, twisted pair, digital subscriber line (DSL), or wireless
technologies such as infrared, radio, and microwave, then the coaxial cable, fiber optic
cable, twisted pair, DSL, or wireless technologies such as infrared, radio and microwave
are included in the definition of communication medium. Combinations of the above
should also be included within the scope of computer-readable media.

[00140] Alternatively, or in addition, the functionally described herein can be performed,

at least in part, by one or more hardware logic components. For example, and without
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limitation, illustrative types of hardware logic components that can be used include Field-
programmable Gate Arrays (FPGAS), Program-specific Integrated Circuits (ASICs),
Program-specific Standard Products (ASSPs), System-on-a-chip systems (SOCs),
Complex Programmable Logic Devices (CPLDs), etc.

[00141] What has been described above includes examples of one or more embodiments.
It is, of course, not possible to describe every conceivable modification and alteration of
the above devices or methodologies for purposes of describing the aforementioned
aspects, but one of ordinary skill in the art can recognize that many further modifications
and permutations of various aspects are possible. Accordingly, the described aspects are
intended to embrace all such alterations, modifications, and variations that fall within the
spirit and scope of the appended claims. Furthermore, to the extent that the term
“includes” is used in either the details description or the claims, such term is intended to
be inclusive in a manner similar to the term “comprising” as “comprising” is interpreted

when employed as a transitional word in a claim.
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CLAIMS

1. A method executed on a computing device having a touch-sensitive display with a
smooth surface, the method comprising:

displaying a graphical object on the touch-sensitive display, the graphical object
corresponding to an application installed on the computing device;

detecting that a digit is in contact with the touch-sensitive display at a location
corresponding to the graphical object;

responsive to the detecting the digit is in contact with the touch-sensitive display at
the location corresponding to the graphical object, providing first haptic feedback without
providing input to the application based upon the digit being in contact with the touch-
sensitive display at the location corresponding to the graphical object;

subsequent to the providing of the first haptic feedback, identifying a toggle
command,;

subsequent to the identifying of the toggle command, detecting an input gesture
with respect to the graphical object; and

transmitting input data to the application based upon the input gesture.

2. The method of claim 1, wherein the location corresponding to the graphical object

is on the graphical object.

3. The method of claim 1, wherein the location corresponding to the graphical object

is a border between the graphical object and another graphical object.

4. The method of claim 1, wherein the application is a text entry application that
comprises a soft input panel displayed on the touch-sensitive display, the soft input panel
comprising a plurality of keys, each key in the plurality of keys representing a respective
plurality of alphabetical characters, and wherein the graphical object is a key of the soft

input panel.

5. The method of claim 4, wherein the input gesture comprises a stroke on the touch-
sensitive display that passes over another location corresponding to at least one key in the
plurality of keys, the stroke being a transition of the digit over the touch-sensitive display
while the digit maintains contact with the touch-sensitive display, the method further

comprising:
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detecting that the stroke passes over the another location;
responsive to the detecting the second stroke passing over the another location,

providing second haptic feedback.

6. The method of claim 1, wherein providing haptic feedback comprises providing
electrostatic haptic feedback, and wherein a user perceives alteration in friction of a region

of the touch-sensitive display when the electrostatic feedback is provided.

7. The method of claim 1, wherein the input gesture comprises a sequence of strokes
that create a shape over the touch-sensitive display, and wherein the application identifies
a word desirably set forth by a user of the computing device based at least in part upon the

input gesture.

8. The method of claim 1, further comprising:

responsive to the detecting that the digit is in contact with the touch-sensitive
display at the location corresponding to the graphical object, providing auditory feedback
that indicates that the digit is in contact with the touch-sensitive display at the location

corresponding to the graphical object.

9. A computing device, comprising:

a touch-sensitive display, the touch-sensitive display displaying a graphical object
for an application installed on the computing device;

a sensor that outputs a signal that is indicative of real-time location of a digit when
the digit is in contact with the touch-sensitive display;

an actuator that is configured to provide haptic feedback;

a location identifier component that receives the signal from the sensor and
determines that the digit is in contact with the touch-sensitive display at a location
corresponding to the graphical object, the location identifier component failing to provide
the application with input data when determining that the digit is in contact with the touch-
sensitive display at the location corresponding to the graphical object;

a feedback component that, responsive to the location identifier component
determining that the digit is in contact with the touch-sensitive display at the location

corresponding to the graphical object, causes the actuator to provide haptic feedback to
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indicate to a user that the digit is in contact with the touch-sensitive display at the location
corresponding to the graphical object;

a toggle identifier component that identifies a toggle command, wherein responsive
to the toggle identifier component identifying the toggle command, the location identifier
component provides input data to the application based upon the signal received from the

S€Nsor.

10.  The computing device of claim 9, wherein the application is a text entry
application that displays a soft input panel on the touch-sensitive display, the soft input
panel comprising a plurality of keys, each key representing a respective plurality of
characters, and wherein responsive to the toggle identifier component identifying the
toggle command, the feedback component causes the actuator to provide haptic feedback
when the location identifier component determines that the digit is in contact with the

touch-sensitive display screen at a boundary between keys in the plurality of keys.
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