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SOFT KEYBOARD INTERFACE

BACKGROUND
[0001] Computing devices use various forms of human interface devices. Most
computers include some form of display to present information visually to a user. In
addition, most computers have one or more user input devices. Keyboards and mice are
widely used input devices for desktop computers.
[0002] For computers that are more mobile, the functions of the output and input
devices can be combined into a touch sensitive display. Such a display can render output
as in a traditional computer. In addition, portions of the screen can be associated with
control functions. When a user touches a designated portion of the screen, the computer
interprets the touch as user input activating that control.
[0003] Many computers with touch sensitive displays, particularly those without
separate keyboards for receiving user input, can be controlled to display a keyboard.
When the user presses on the display screen where a key of the keyboard is pictured, the
computer interprets that detected input in the same way that it would interpret a signal
from a traditional keyboard when a key is pressed. A keyboard created in this fashion on a
touch sensitive display is sometimes called a “soft keyboard.”

SUMMARY

[0004] A computing device determines a probability that a detected activation of
a keyboard indicates that a user targeted a key on the keyboard. In some embodiments, for
a detected activation of the touchscreen in the vicinity of the keyboard, multiple
probabilities, each associated with a key, may be determined and reported for subsequent
processing as keyboard input. The probabilities may be computed based on probability
distribution functions associated with keys of the soft keyboard.
[0005] The probability distribution functions may be determined based on any of
a number of factors. The factors may relate to the design of the computing device or
parameters of the soft keyboard as rendered. Alternatively or additionally, factors related
to a user of the computing device may be used in determining the probability distribution
functions. An exemplary factor that may be used is typing speed, which may be
represented by an average rate at which taps, representing keystrokes, are detected.
[0006] In one aspect, the invention relates to a method of operating a computing
device having a soft keyboard. The method includes determining at least one

characteristic of at least one of: (i) a user’s interaction with the soft keyboard or (ii) a
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layout of the soft keyboard is determined. For each of a plurality of keys on the soft
keyboard, a probability distribution function is determined based on the at least one
determined characteristic. With at least one processing circuit, in response to an input
received through the soft keyboard, and based on the probability distribution functions, a
probability that the user targeted a key of the plurality of keys is generated.
[0007] In another aspect, the invention relates to at least one computer-readable
storage medium comprising computer-executable instructions that, when executed,
perform a method of operating a component within a computing device that processes
input from a soft keyboard. The component receives an indication of activation by a user
at a location of a soft keyboard and provides an output. The output includes, for cach of a
plurality of keys on the soft keyboard, a probability that the detected activation represents
a user targeting the key.
[0008] In yet a further aspect, the invention relates to a computing device with a
display adapted to provide an indication of a user tap at a location on the display. The
computing device also includes processing circuitry adapted to render a soft keyboard in a
region on the display and monitor a typing rate of user interaction with the soft keyboard.
For a detected user tap in the region, the processing circuitry provides, for at least one key
adjacent the location, a probability that a user targeted the key. That probability may be
based on the typing rate of the user.
[0009] The foregoing is a non-limiting summary of the invention, which is
defined by the attached claims.

BRIEF DESCRIPTION OF DRAWINGS
[0010] The accompanying drawings are not intended to be drawn to scale. In the
drawings, each identical or nearly identical component that is illustrated in various figures
is represented by a like numeral. For purposes of clarity, not every component may be
labeled in every drawing. In the drawings:
[0011] FIG. 1 is a sketch of a touchscreen computing device with a soft keyboard
of a first style rendered on the touchscreen;
[0012] FIG. 2 is a sketch of the computing device of FIG. 1 with a soft keyboard
of an alternative style rendered on the touchscreen;
[0013] FIG. 3 is a sketch of the computing device of FIG. 1 with a soft keyboard

of a further alternative style rendered on the touchscreen;
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[0014] FIGS. 4A and 4B are conceptual sketches illustrating user input indicating
an intent to target a key on a soft keyboard;
[0015] FIGS. 5A and 5B are conceptual sketches illustrating probability
distribution functions of input locations relative to target keys on a soft keyboard;
[0016] FIGS. 6A and 6B are conceptual sketches illustrating variation in a
probability distribution function based on dynamically determined factors;
[0017] FIG. 7A is a conceptual sketch of probability distribution functions
associated with keys on a soft keyboard at a first typing rate;
[0018] FIG. 7B is a conceptual sketch of probability distribution functions
associated with user input on a soft keyboard with the format illustrated in FIG. 7A at a
second, faster typing rate;
[0019] FIG. 8A is a conceptual sketch of probability distribution functions
associated with a keyboard having gutters of a first width separating keys;
[0020] FIG. 8B is a conceptual sketch of probability distributions associated with
a keyboard having gutters of a second width separating keys, the second width being
greater than the first width in the embodiment illustrated in FIG. 8A;
[0021] FIG. 9 is a flowchart of a method of operating a keyboard interface
component according to some embodiments of the invention; and
[0022] FIG. 10 is a conceptual block diagram of a computing device in which
embodiments of the invention may be practiced.

DETAILED DESCRIPTION
[0023] The inventors have recognized and appreciated that poor performance of a
soft keyboard may contribute to a user’s perception of poor performance of a computing
device. Soft keyboards, lacking tactile feedback that can occur from mechanical motion of
keys in a traditional keyboard, exhibit increased risk of a mismatch between a user’s
intended target of a keyboard tap and a key that a computer system selects as the target of
a detected tap on the keyboard. Such a mismatch can lead to apparently erroncous
responses to user input and can be a source of user frustration.
[0024] To better align the computer response to activation of a keyboard and an
intended user input, a component within the computing device processing keyboard inputs
may, for detected activations of the keyboard, indicate a probability that one or more keys
were the target of the activation. These probabilities may be used by other components of
the computing device that respond to user inputs to select, in context, a most likely key

targeted by the user. The selection, for example, may be made in combination with a
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probability that a particular key stroke completes a word or other string of characters.
Though, the probability information may be used in any suitable way.

[0025] The probability that an activation, such as a detected “tap” on the
keyboard, corresponds to a keystroke may be based on dynamic factors. These factors
may relate to the user and/or may relate to the computing device. Examples of factors
relating to the computing device may include a layout of the keyboard, including style of
keyboard, size of keys and spacing between keys, or the position, orientation or motion of
the computing device.

[0026] Factors relating to the user may be determined based on user interaction
with the computer. For example, the user’s typing speed may be sensed and used in
determining a probability that a user targeted a particular key with a tap on the keyboard.
[0027] Typing speed may be factored into determination of the probability in any
suitable way. As an average typing speed increases, for example, the probability
distribution function of all keys may have a greater variance. Though, typing speeds may
impact the probability distribution functions associated with different keys differently.
For example, the impact may depend on the location of the key on the keyboard, with the
variance associated with keys closer the center of the keyboard increasing less than for
those further from the center.

[0028] Similarly, the mean of the probability distribution function for each key
may change as values of dynamically determined factors, such as typing speed, change in
use. The change in the mean of each probability distribution function may likewise
depend on location of the key on the keyboard.

[0029] Moreover, there may be an interrelationship between factors. For
example, probability distribution functions associated with the same key may change
differently for keyboards with different styles or different key sizes and spacing.
Accordingly, in some embodiments, a keyboard interface component within the operating
system of a computing device determines, on an on-going basis may update, probability
distribution functions for keys on the keyboard based on factors relating to the keyboard as
rendered on the touchscreen and/or dynamically sensed factors.

[0030] In some embodiments, probability distribution functions for the keys may
be generated by supplying values of parameters for a model of a probability distribution
function. As a specific example, each probability distribution may be modeled as a
Gaussian distribution. The probability distribution function of a key may be determined

from values of parameters that define an offset and a variance of the Gaussian distribution
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model. As keyboard input is processed, the keyboard interface component may select
values of model parameters characterizing the probability distribution functions based on
dynamically determined information. Though, it should be appreciated that any suitable
technique may be used to model the probability distribution of the keys, and it is not a
requirement that a Gaussian distribution be used or that the same model be used for all
keys. Regardless of how the probability distribution function for each key is modeled,
typing speed and/or other factors may be used to select values of the appropriate
parameters for the model for each key at any given time. In some embodiments, the
values for the parameters for a key may depend on the location of the key on the keyboard.
For example, the variance may be greater for keys at the periphery of the keyboard. As
another example, the variance may increase as a function of typing speed a greater amount
for keys at the periphery than near the center.

[0031] Alternatively or additionally, a mean of the probability distribution
function may vary as a function of typing speed and key location. For a traditional
QWERTY keyboard, the mean of a probability distribution function for a key may be
offset towards the center of the keyboard. Though, the amount of that offset may depend
on typing speed.

[0032] In addition, factors relating to the computing device may also impact the
distribution functions. These factors may relate to the parameters of the soft keyboard
itself. For example, factors such as the size of the keys or gutters between keys as
rendered on a display of the computing device may impact both the mean and offset of a
probability distribution function. Alternatively or additionally, the keyboard style may
impact the probability distribution functions. As a specific example, probability
distribution functions associated with keys of a split keyboard may be different or vary
differently as function of typing speed than probability distribution functions associated
with keyboards of other styles. These differences may be reflected in different values of
parameters used to compute a probability distribution function from a model or in any
other suitable way.

[0033] Other factors alternatively or additionally may be considered in defining
probability distribution functions from a model. For example, limits may be applied in
conjunction with computing the probability distribution function from a model. As a
specific example, keys may have regions, referred to herein as “anchors,” associated with
them. The anchor may correspond generally to the center of the key such that, if an input

in the anchor region is detected, a high probability that the user intended to target the key
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is assigned. In some embodiments, a component processing keyboard input may assign a
probability of 1 to a user input detected in the anchor region.

[0034] Alternatively or additionally, limits on the probability distribution function
for a key may be such that a probability of zero is assigned to user inputs detected that are
too far from a center of key. Such limits may be imposed in any of a number of suitable
ways. For example, a component processing keyboard input may return a non-zero
probability only for a sub-set of the keys on the keyboard. The sub-set may be selected
such that a probability is provided only for keys underlying or adjacent the area (contact
geometry) of detected input or underlying/adjacent to the key being hit.

[0035] Regardless of how the probability distribution functions are defined, they
may be used to process keyboard inputs. Keyboard inputs may be processed in any
suitable way in any suitable component within a computer system. In some embodiments,
processing as described herein may be performed within a kernel-mode component of an
operating system of the computer system. However, the specific implementation is not a
requirement of the invention. For example, processing as described herein may
alternatively or additionally be implemented in a semiconductor chip acting as a controller
for a touch sensitive display.

[0036] FIG. 1 provides an example of a computing device in which some or all of
these techniques described herein may be used to provide an improved user experience.
FIG. 1 is a sketch of a computing device 110 having a touchscreen 112 as a user interface.
Computing device 110 is here shown to have a slate form factor. In the slate form factor,
the touchscreen 112 occupies substantially all of an upper surface of computing device
110. However, the specific form factor of the computing device is not a limitation on the
invention.

[0037] Computing device 110 may be constructed using hardware components as
are known in the art. Those components may include the touchscreen 112 as well as a
touchscreen controller (not shown). Those components may interact to detect user
interaction with touchscreen 112. Those components may operate, using techniques as are
known in the art, to detect a user gesture intended as input through touchscreen 112.
Those components, for example, may detect pressure from a user’s finger on the surface of
touchscreen 112. Alternatively, the components may detect capacitance or other
measurable effects associated with a user’s finger, like contact geometry, or other pointing
device adjacent touchscreen 112. Though any suitable technology may be used to detect a

gesture by a user representative of an input through the touchscreen.
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[0038] Regardless of the mechanism used to detect user gestures indicating input
through the touchscreen, the touchscreen component may output information indicating
that such input has been detected. The output of the touchscreen controller may be
interpreted by other components, possibly software components, executing a computing
device 110. For example, an operating system (not shown) of computing device 110 may
include a touchscreen interface component. The touchscreen interface component may
interpret detected inputs based on the position of the inputs relative to information
displayed on touchscreen 112.

[0039] In the example of FIG. 1, computing device 110 is actively executing an
application that supports chat type communications. That application is supplying content
which is rendered in display area 130. User interactions with touchscreen 112 in display
arca 130 may be interpreted as commands to that application. For example, display arca
130 includes a field 132, representing a field in which text may be entered. A user touch
in field 132 may be interpreted by the application as a command signifying that
subsequently received inputs are to be interpreted as the text for a message to be sent.
[0040] In the state illustrated in FIG. 1, touchscreen 112 also includes a portion
on which a soft keyboard 120 is rendered. The soft keyboard could, in some
embodiments, be rendered by the application supplying content for display area 130.
However, in the embodiment illustrated, touchscreen 112 is rendered by a touchscreen
interface component within the operating system of computing device 110. The
touchscreen interface controller may determine when and where to display soft keyboard
120 based on commands from the application controlling display area 130. Though, the
specific triggers that cause the display of soft keyboard 120 are not critical to the
invention. Regardless of when and where the soft keyboard 120 is displayed on
touchscreen 112, detected inputs in the region of touchscreen 112 in which soft keyboard
120 is displayed may be interpreted as keyboard input and passed to the soft keyboard
interface component for processing.

[0041] In the example of FIG. 1 processing of input in the region occupied by soft
keyboard 120 may entail processing to determine which of the keys of the soft keyboard
120 were the intended target of the user input. For example, soft keyboard 120 includes
multiple keys, of which key 122 is numbered. An output of the soft keyboard interface
component may indicate to the chat application providing content in area 130 indicating

that key 122, or any other key, was likely a target of user input.
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[0042] In some embodiments, an indication of user interaction with touchscreen
112 may be pre-processed before processing within the soft keyboard interface component
or may be post-processed prior to providing an indication to the chat-type application that
specific user input was received. The pre-processing may be performed using techniques
as are known in the art. For example, motion across the surface of touchscreen 112
characteristic of unintended contact with touchscreen 112, rather than an intended
selection of a key on soft keyboard 120, may be filtered out. As another example of pre-
processing, in some touchscreen interfaces, there may be a difference between a location
at which the touchscreen controller detects contact with the touchscreen and the location
where the user perceived the contact to be provided. In some embodiments, these
differences may be corrected through calibration of the touchscreen such that
compensation using factors determined during calibration may be applied to touch inputs
prior to processing by the soft keyboard interface component.

[0043] Such pre-processing may improve operation of a soft keyboard control
component by ensuring that touch inputs received at that component better represent an
indication that a user intended to activate a key. As used herein, input determined to be
indicative of user intent to activate a key on the soft keyboard may be regarded as a “tap”
on the soft keyboard. Accordingly, a soft keyboard control component may receive and
respond to “taps” on the keyboard.

[0044] “Taps” may be defined and identified in any suitable way. In some
embodiments, a “tap” may be identified by a short duration contact with touchscreen 112
in a region occupied by soft keyboard 120. However, it is not a requirement that a “tap”
be characterized only by such short-term contact with the soft keyboard 120. As an
example of possible alternatives, a computing device may support a mode of interaction in
which a user slides a finger or other pointing device across a surface of the touchscreen
112. Changes in direction or velocity of motion across the surface of touchscreen 112 or
other characteristics of that motion may be equated with a user intent to activate a key on
soft keyboard 120. Accordingly, it should be appreciated that the invention is not limited
by the mechanism used to identify a “tap” on soft keyboard 120.

[0045] In addition to pre-processing of inputs received through a touchscreen,
post-processing of outputs of a soft keyboard control component may also be performed.
Post-processing of a determination that a user intended to target a key on a soft keyboard
may be performed using techniques as are known in the art. However, in contrast to a

conventional soft keyboard interface component that designates a user input by indicating
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that a specific key of soft keyboard 120 was tapped, a soft keyboard interface component
as described herein may output probabilities associated with one or more keys of the soft
keyboard 120. Each of the probabilities may indicate a probability that a user targeted the
associated key. These probabilities may be used, for example, to better match actions of
the computing device with the user’s intent to target a key on the keyboard.

[0046] Though techniques as described herein may be employed with post-
processing of any suitable type, in some embodiments, the probabilities associated with
one or more keys may be provided to a text prediction engine. The text prediction engine
may track the reported keys and their associated probabilities and determine a most likely
user input based on context. As a specific example, a text prediction engine may process a
string of taps to select a most likely word intended by the user. The text prediction engine
may base the prediction on the probabilities reported by the soft keyboard interface
component as well as context information. The context information may be used to
compute an overall probability that a key sequence corresponds to an intended user input.
[0047] For example, in a context in which soft keyboard 120 is providing text
inputs to an application component in which context indicates that English words are
expected, a sequence of taps in which the first tap associates equal probability with keys

(13 EE Y 2 “a 2

q,” “w,” “a,” and “s” may be received. This tap may be followed by a tap in which there

[

is a high probability associated with the key “u” and lower probabilities associated with
keys “1,” “4,” and “k.” Through post-processing, this sequence of inputs may be mapped
to a key sequence “qu.” Because there is a high probability of English words including the
sequence “q u,” that sequence has a highest overall probability of any sequence that could
be formed from the possible keys corresponding to each of the taps in the sequence when
both the probability of occurrence of that sequence in English words is considered along
with the targeting probability. However, it should be appreciated that the specific post-
processing of probabilities associated with each of the taps is not critical to the invention,
and the information may be used in any suitable way.

[0048] Turning to FIG. 2, computing device 110 is shown in an alternative
operating state. In the state illustrated in FIG. 2, a soft keyboard 220 is rendered on
touchscreen 112. Soft keyboard 220 is similar to soft keyboard 120 (FIG. 1). In each
case, a region of touchscreen 112 is used to display keys of the soft keyboard. Though, in
FIG. 2, soft keyboard 220 contains more keys than keyboard 120.

[0049] The style of keyboard 220 may be appropriate for use with applications

intended to receive more complex or more formal input. As a specific example, soft
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keyboard 220 includes keys, of which key 222 is numbered, representing numbers. Soft
keyboard 220, for example, may mimic a traditional physical keyboard. In contrast, soft
keyboard 120 may correspond to a keyboard with a simplified style. Keyboard 120 may
be appropriate for use with an application facilitating chat-type communications or other
informal correspondence. In contrast, keyboard 220 (FIG. 2) has a style more appropriate
for use with a word processor, spreadsheet, or other application used in business. Region
230, for example, may represent an interface area for a word processing application.
Accordingly, the style of the keyboard that appears on a computing device may be set
based on a request from an application receiving as input the detected taps on the soft
keyboard. Though, other factors, including user preference or detected orientation of the
computing device, may be used to determine a style of a soft keyboard rendered on a
computing device such that the style may change dynamically.

[0050] Regardless of how the keyboard style is determined, the outputs produced
by a soft keyboard interface component within computing device 110 may be prepared in
a conceptually similar fashion. However, the style may impact the accuracy with which a
user strikes a targeted key. Accordingly, information about the keyboard style may be
used in computing a probability that a detected tap reveals a user intent to target a specific
key.

[0051] FIG. 3 illustrates yet a further keyboard style that computing device 110
may support. In the example of FIG. 3, the keyboard has a split style. As can be seen, a
soft keyboard is rendered on touchscreen 112 in keyboard portions 320A and 320B. In
contrast to FIGS. 1 and 2 in which soft keyboards 120 and 220 are laid out with keys in a
generally continuous array, the keys of the soft keyboard in the example of FIG. 3 are
clustered along the sides of the touchscreen 112. This configuration allows users of
computing device 110 to touch touchscreen 112 over keyboard portions 320A and 320B
using only their thumbs. Such a typing style may be useful, for example, for a user
holding computing device 110 in their hands. In contrast, the styles of soft keyboards 120
and 220 may be more appropriate for a user placing computing device 110 on a table and
interacting with the soft keyboard as if it were a physical keyboard. The styles illustrated
in FIGS. 1 and 2 also may be preferred by a user typing with one finger. Despite
differences in style, soft keyboard portions 320A and 320B may operate conceptually the
same as keyboards 120 and 220 in that the soft keyboard interface component may process

taps associated with the regions occupied by soft keyboard portions 320A and 320B to
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determine, for each tap, probabilities for one or more keys that the user intended to target
the key.

[0052] Though touch inputs associated with each style of keyboard may be
processed in the same way, the style and other characteristics of the keyboard may impact
the specific probabilities assigned to a detected input representing a tap on a soft keyboard.
Though information about a keyboard style may be used in any suitable way to determine
probabilities, in some embodiments, keyboard style is one factor used in selecting values
of parameters of a model used to define probability distribution functions. An exemplary
approach to defining probability distribution functions in this way is illustrated in FIGS.
4A, 4B, 5A, 5B, 6A and 6B.

[0053] FIG. 4A illustrates a soft keyboard 420. In this example, a user may press
on the keyboard 420 at a location 440. In this example, the location 440 overlies key
422, corresponding to a key for the letter “W.” Though, as can be seen in FIG. 4B,
location 440 is not in a center region of key 422vw. To the contrary, location 440, though
within the boundary of key 422, is adjacent key 4225 and 422s. Location 440 is also
close to other keys, such as keys 4224 and 422,. Though further away, on a small
keyboard, location 440 may be close to more remote keys, such as key 422r. Thus, there
is ambiguity as to which of the keys on soft keyboard 420 was targeted by a tap detected at
location 440. The ambiguity of which key was targeted is further expanded when the size
of the user’s finger used to provide the input in location 440 is considered. Region 442
represents a rectangle bounding the locations at which pressure was detected in connection
with the touch input. Thus, rather than occurring at a single point, location 440 represents
a centroid or other average of the region 442 over which touch was detected. In this
example, region 442 overlaps three keys, keys 422vw, 4225, and 422s.

[0054] A tap in location 440 could, as in a conventional keyboard, be reported as
a user selection of key 422y, because that key is closest to location 440. However, a
detected input in location 440 could indicate a user intent to target an adjacent key, such as
4225 or 4225. However, by associating a tap in location 440 with a single key, key 422y
in this example, information indicating a possibility that the user targeted another key,
such as key 4225 or 4224, is not available for selecting a most likely text input in context.
Accordingly, a soft keyboard interface component may compute, for each input
representing a tap on a soft keyboard, values representing a probability for one or more
keys that the detected input reveals a user’s intent to target the key. These probabilities

may then be provided to other components for post processing.
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[0055] A probability that a user intended to target a key with a detected tap may
be computed in any suitable way. In some embodiments, the probability may be
computed based on a spatial probability distribution function associated with each of
multiple keys. Each spatial probability distribution function may be expressed relative to
the center of its corresponding key. Based on the position of a detected tap relative to the
center of a key, the spatial probability distribution function for the key may indicate the
probability that the tap indicates a user intent to target that key.

[0056] For example, location 440 is offset from the center of key 422, by a
distance D; in a first direction, and a distance D; in a second orthogonal direction. The
value of a two-dimensional probability distribution function associated with key 422y at
coordinates corresponding to D; and D, may indicate a probability that an input at location
440 reveals a user intent to target key 422y,.

[0057] Location 440 is offset, though by different amounts, from the centers of
other keys, such as 4225, 422, 4224, 4221, and 422r. The offsets between the centers of
those keys and location 440 may similarly be used to determine from probability
distribution functions associated with those keys a probability that an input at location 440
reveals a user intent to target cach of those keys.

[0058] In theory, there may be a non-zero probability that a tap detected at any
location of a touchscreen reveals a user intent to target any key on a soft keyboard.
However, in some embodiments, processing may be simplified by imposing limits on the
spatial extent of the probability distribution functions associated with each of the keys.
For example, in some embodiments, a central portion of a key, called an “anchor” herein,
may be associated with a probability indicating a high probability that a user targeted the
key. For example, anchors 424y, 4245, 424y, 424, 424g, and 424y, appear in the central
portions of the keys illustrated in FIG. 4B.

[0059] A high probability may be indicated in any suitable way. In some
embodiments, a high probability may be indicated by associating a probability of 1 with a
key when a tap is detected within the anchor for that key. Alternatively or additionally, a
high probability may be indicated by suppressing, or setting to zero, probability
information for other keys when a detected tap occurs within the anchor region of another
key.

[0060] Accordingly, the anchor regions may provide a further limit on the
probability distribution functions associated with the keys. In some embodiments, the

probability distributions associated with each of the keys may be limited to indicate a zero
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value when the detected input is located within an anchor for another key. Alternatively
or additionally, the probability distribution functions may be limited to have low or zero
values for any location that is displaced in any direction from the center of the key by an
amount that is greater than the distance, in that direction, to the nearest anchor of another
key. Though, any suitable mechanism may be used to represent a low probability that a
user targeted certain keys. For example, the limit may be expressed by simply providing
no probability information for that key.

[0061] FIG. 5A illustrates conceptually a two-dimensional spatial probability
distribution function for key 422y superimposed on soft keyboard 420. Here, probability
distribution function 560 has a peak in the vicinity of the center of key 422y. The value of
the probability distribution function decreases with increasing distance from the center of
the key.

[0062] In this example, probability distribution function 560 extends in two
directions, labeled “x” and “y” in FIG. 5A. In the specific example illustrated, keyboard
420 has keys laid out in rows, which are parallel to the direction indicated “x.” The
orthogonal direction is indicated “y.” As illustrated in FIG. 4B, a probability that a user
intended to target key 422w may be determined from the displacement of the location of
the touch input and the center of key 422v.

[0063] In the example of FIG. 5A, probability distribution function 560 extends in
two dimensions, corresponding to the two-dimensional layout of keyboard 420. Though,
for simplicity of illustration, FIG. 5B illustrates the manner in which a probability may be
determined based on the probability distribution function using a simplified one-
dimensional representation. FIG. 5B shows a subset of the keys on keyboard 420 in cross-
section. Here, keys 422, 422w, and 422, are illustrated. Probability distribution
functions 560y and 560 arc shown. As can be seen in FIG. 5B, at a location 440,
probability distribution function 5605 has a value Pg. The value Pg corresponds to the
probability that a tap detected at location 440 indicates a user intent to strike key 4225.
Similarly, probability distribution function 560w has a value Py at location 440. The
value Py indicates the probability that a detected tap at location 440 indicates a user intent
to strike key 422y.

[0064] FIG. 5B also illustrates application of limits to the probability distribution
functions based on distance to adjacent anchors. As can be seen, probability distribution
function 560y has a non-zero probability extending from the center of key 422y, towards

key 4225 until the anchor 4245 is reached. Thereafter, probability distribution function
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560w has a zero value. It should be noted, however, that the probability of a key need not
converge to zero at the boundary of its limits. In some embodiments, the Gaussians may
be chopped off their values outside their limit areas. Similarly, probability distribution
function 560y has a non-zero value extending from the center of key 522y towards key
422q. However, probability distribution function 560w has a zero value upon
encountering anchor 424. Probability distribution function 560k is similarly limited,
having a non-zero value until anchor 424yy.

[0065] The probability distribution function associated with each key may be
determined in any suitable way. In the embodiment illustrated in FIG. 5B, values of the
parameters of a probability distribution model are first determined. The distribution
function generated from that model is then limited based on the position of the anchors.
Though, it is not a requirement that the probability distribution function be expressed
using a model and limits in this way. For example, a distribution may be defined using a
model that has zero values without imposing limits.

[0066] Though, FIGS. 6A and 6B illustrate techniques for determining the
probability distribution functions using models and limits. FIG. 6A illustrates a
probability distribution function 660, modeled as a Gaussian distribution. A Gaussian
distribution may be represented by a limited number of parameters. In this example, the
Gaussian distribution is characterized by a mean, indicated a X;, and a value
representative of spread, which may be a variance, and is here indicated by ox;. In this
case, probability distribution function 660, is further limited by a distance to adjacent
anchor regions, illustrated in FIG. 6A as anchor regions 624, and 624,.

[0067] Probability distribution function 660, indicates a probability that a tap
indicates a user intent to target key 622. FIG. 6A shows probability distribution function
660, in a single dimension for simplicity. Though, as described above in connection with
FIGS. 5A and 5B, a probability distribution function associated with keys on a two-
dimensional keyboard may extend in two dimensions.

[0068] In this example, the mean X; of probability distribution function 660; is
close to the center of key 622. The spread oy; generally corresponds to the width of key
622, such that probability distribution function 660, assigns a relatively high probability to
taps overlapping with key 622 and a relatively low probability that a user intended to
target key 622 when a tap in other locations is detected.

[0069] The inventors have recognized and appreciated that a probability

distribution function as illustrated in FIG. 6A suitably represents probabilities that a user
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intended to target key 622 under some conditions. For example, probability distribution
function 660; may be suitable in scenarios in which a user is carefully selecting which key
of the soft keyboard to press. Such a scenario, for example, may occur when a user is
typing with one finger or is using a touch typing method, but is typing slowly and
carefully.

[0070] Under other conditions, a different probability distribution function may
be more appropriate. FIG. 6B illustrates a probability distribution function 660, that may
be associated with key 622 under other conditions. As with probability distribution
function 660,, probability distribution function 660, is modeled as a Gaussian distribution
with limits imposed by adjacent anchors. However, that distribution has a wider spread,
illustrated by ox,. Additionally, the mean of the Gaussian distribution is X,, which is
offset from the center of key 622 by an amount A,. Probability distribution function 660,
may be appropriate for a key at the periphery of the keyboard in a scenario in which a user
is typing quickly. The Applicants have recognized and appreciated that in such a scenario,
the spread of the probability distribution function increases. In addition, the mean of the
probability distribution function is offset towards the center of the keyboard.

[0071] More generally, the inventors have recognized and appreciated that an
appropriate probability distribution function to associate with a key may depend on
multiple factors. Those factors may relate to the user and/or the soft keyboard as rendered
on the touchscreen. Accordingly, in some embodiments, to provide a probability that a
detected tap on a touchscreen corresponds to a specific key, a probability distribution
function for the key may be determined based on runtime conditions, including the style or
other configuration parameters of the soft keyboard, and parameters relating to the user,
including dynamically determined parameters such as typing speed.

[0072] These parameters may be captured in a probability distribution function
that is modeled in any suitable way. However, in embodiments in which the probability
distribution function is modeled by a finite number of parameters, information about any
conditions that may impact the probability distribution functions for the various keys on
the soft keyboard may be used to select values of the model parameters. Any suitable
mechanism may be used to relate information about context or other factors that may
influence the probability distribution functions for the keys to values of model parameters
may be used. As an example, the soft keyboard interface component may store one or
more tables of values for the parameters that characterize the probability distribution

model. In embodiments in which a Gaussian distribution is used as a model of the
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probability distribution function, those parameters may be the mean and variance of the
model.

[0073] Those parameters may be organized in any suitable way. In some
embodiments, a table may be provided for each key on a keyboard for which a probability
distribution function will be determined. Though, in other embodiments, information
indicating a specific key on the keyboard may be used as an index to such a table to
determine appropriate values for the probability distribution model parameters. As a
specific example, a distance of a key from a center of the keyboard may be used as an
index to a table from which values of the model parameters may be read.

[0074] Values of other parameters may similarly be used in selecting values of
parameters for the probability distribution model. Each parameter may be used as an
index to a table or a separate table may be provided for each value of a parameter.

As a specific example, an indication of keyboard style, such as whether the
keyboard is a full QWERTY keyboard, a simplified keyboard, or a split keyboard, as
represented by the embodiments in FIGS. 1 through 3, may be used as a parameter to
select values of the parameters of the probability distribution model. In some
embodiments, a separate table may be provided for each keyboard style, and a soft
keyboard interface component may select the appropriate table from which to read values
based on the style of keyboard being rendered. Alternatively or additionally, in some
embodiments, a fitted function may be provided for all the parameters, in order to
interpolate values at unseen data (speed, keysize, keyboard size, key positions, gutter size
etc.) The fitted function may be a polynomial function or any other suitable function.
[0075] Regardless of how values for parameters characterizing a probability
distribution model are determined, as a soft keyboard interface component processes
keyboard inputs, it may determine the appropriate values for the probability distribution
functions associated with each of multiple keys on the keyboard. These values may be
used to define probability distribution functions for the keys adjacent to a location at
which a user tap is received through the touchscreen. These probability distribution
functions may be applied to determine a probability, associated with each of the adjacent
keys, that the tap represents user input targeting a specific key. The probability
distribution functions for keys may be determined at any suitable time. In embodiments in
which the parameters of the operating environment used to determine probability

distribution functions for the keys are dictated solely by the configuration of the soft
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keyboard as rendered, the probability distribution functions may be determined at the time
the soft keyboard is rendered.

[0076] However, in some embodiments, the parameters used to determine values
characterizing the probability distribution functions for the keys may depend on the
manner in which the user is interacting with the keyboard. FIG. 7A illustrates a soft
keyboard 720. Probability distribution functions associated with each of multiple keys are
illustrated. For example, probability distribution function 760, associated with the “w”
key is illustrated. In FIG. 7A, though the probability distribution function 760, is multi-
dimensional, it is illustrated in two dimensions by showing a contour corresponding to the
variance of the probability distribution function.

[0077] FIG. 7A illustrates probability distribution function 760, for key “w,” and
corresponding probability distribution functions for each of the other keys on soft
keyboard 720 corresponding to a letter, under an operating condition in which a user of the
keyboard is typing slowly. Accordingly, the probability distribution functions are shown
generally centered on each of the keys and generally with a spread that is co-extensive
with the key. Though, it can be seen that different keys, at different locations on keyboard
720, have probability distribution functions of different shapes.

[0078] In contrast, FIG. 7B illustrates those probability distribution functions
when a user of keyboard 720 is typing quickly. As can be seen from a comparison of
probability distribution function 760, (FIG. 7A) and probability distribution function 760,
(FI1G. 2B), typing more quickly increases the spread of the probability distribution
function and causes an offset of the probability distribution function towards the center
780 of the keyboard. For example, probability distribution function 760y , which is close
to center 780, has a smaller bias than probability distribution function 760;, which is
associated with a key further from center 780.

[0079] Comparison of probability distribution function 760 and 760, illustrates
that the amount of increase in the spread may depend on the location of the key relative to
center 780. As can be seen, probability distribution function 760, has a smaller spread
than probability distribution function 760,. The inventors have recognized and have
appreciated that this pattern of variation is appropriate for a full QWERTY keyboard, such
as the keyboard styles pictured in FIGs. 1 and 2, though a different pattern of variation
may be exhibited by a split keyboard, such as the keyboard illustrated in FIG. 3.

Accordingly, values used to model probability distribution functions for the keys on a
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keyboard may be provided for different keyboard styles and other factors, such as detected
typing speed.

[0080] Values characterizing the probability distribution functions may be
determined in any suitable way. In some embodiments, the values may be determined
empirically, heuristically, and/or adaptively. For example, in some embodiments, a
designer of an operating system or an application that provides a soft keyboard interface
may gather information empirically by providing to multiple potential users sample text to
type. By recording the distribution of locations relative to the soft keyboard at which each
of the prospective users hit the touchscreen for each intended key required to type the
sample, probability distributions could be generated for each of the keys. The probability
distribution models may then be fit to these measured distributions to determine which
values yield a suitable fit. Such testing may be repeated under each condition or set of
conditions for which parameters of the probability distribution model may be desired.
Once values of the parameters characterizing the probability distribution model are
collected, they may be stored in a table or otherwise made available to the soft keyboard
interface component.

[0081] As an example of how the probability distribution functions may be
defined heuristically, FIGS. 7A and 7B show that the spread of distribution functions
increases with typing speed. A spread may be estimated for slow-speed typing to yield a
probability distribution function generally co-extensive with each key. This probability
distribution function may be used as a baseline and adjusted for conditions that deviate
from the baseline conditions using rules or other heuristics. For example, based on a
detected typing speed, the appropriate spread for a probability distribution function may be
determined by scaling the spread for low-speed typing proportionately to the increase in
typing speed. Other factors that impact the probability distribution functions, including
other factors as described herein and other suitable factors, may be expressed as rules
indicating an approach to adjusting values for parameters characterizing a probability
distribution function.

[0082] As an example of a manner in which values of parameters may be
determined adaptively, information about the accuracy of the predictions may be gathered
as the soft keyboard interface component operates. As a specific example, if user input
subsequent to displaying text indicates that the user consistently changes a tap input in a
particular location from a first key close to that location to a second key, the probability

distribution functions of those keys may be adjusted to increase the probability that the
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soft keyboard interface component will respond to a tap in the same location by assigning
a higher probability to the second key.

[0083] Regardless of the manner in which values of parameters characterizing the
probability distribution functions are determined, those values may be available such that
probability distribution functions may be selected based on any desired parameter that
may characterize the operating conditions.

[0084] FIGS. 8A and 8B illustrate that parameters of the keyboard layout may
impact the probability distribution function for the keys. FIG. 8A illustrates a soft
keyboard 820,. Probability distribution functions associated with letter keys are illustrated
in FIG. 8A using the same format as in FIG. 7A. In contrast, FIG. 8B illustrates a soft
keyboard 820,. The soft keyboards 820, and 820, are of the same keyboard style.
However, keyboard 820, contains a gutter 870 separating adjacent keys. The inventors
have recognized and appreciated that, even for keyboards of comparable size, providing a
gutter 870 creating a visual separation between keys may increase the accuracy with which
users strike targeted keys.

[0085] Accordingly, FIG. 8B illustrates that probability distribution function 860,
has a smaller spread than probability distribution function 860,. Comparison of other
probability distribution functions for corresponding keys in FIGS. 8A and 8B reveal a
similar pattern for other keys. As specific examples, parameters of the keyboard layout as
rendered may be used in determining the probability distribution functions used to
interpret taps. Accordingly, gutter size and/or key size may be parameters of the keyboard
layout used in determining appropriate probability distribution functions for the keys.
Though, any other parameters may alternatively or additionally be used.

[0086] In some embodiments, a soft keyboard interface component may select
probability distribution functions for each of multiple keys on a soft keyboard based on
values for a combination of parameters. In some embodiments, those parameters may
include typing speed, keyboard style, key size, and gutter size. Though, it should be
appreciated that the values of any suitable parameters may be used.

[0087] Further, FIGS. 8A and 8B illustrate that probability distribution functions
are associated with the letter keys and the space bar. A soft keyboard interface component
may determine probabilities only for these keys in embodiments in which the probability
information is used for processing text. Though, it is not a requirement of the invention
that probabilities be reported for all of these keys or only these keys. Embodiments are

possible in which probabilities are reported for other keys.
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[0088] Regardless of the keys for which probabilities are reported in response to a
detected tap on a soft key, the soft keyboard interface component may operate to generate
probabilities for one or more keys in response to detected inputs. The soft keyboard
interface component may, in some embodiments, operate according to the method 900
illustrated in FIG. 9.

[0089] The method 900 includes multiple acts, some of which may occur upon
initial rendering of a soft keyboard. Others of the acts illustrated in FIG. 9 may occur
repetitively, as each tap is detected. In the example of FIG. 9, acts 910, 912, and 914 may
occur when a soft keyboard is initially rendered or otherwise as part of initialization of the
soft keyboard. Moreover, in some embodiments, acts 910, 912, and 914 need not occur as
expressly defined steps in the execution of a program implementing a soft keyboard
interface component. Rather, the initialization actions implemented by acts 910, 912, and
914 may be coded as part of the soft keyboard interface component.

[0090] Regardless of the specific manner in which the component is initialized,
method 900 may begin at act 910. At act 910, the keyboard style may be determined. In
some embodiments, an application executing on a computing device may indicate a
preferred keyboard style. For example, an application that supports informal, chat-type
communications may request that a reduced functionality keyboard be rendered. Though,
the information on keyboard style may be obtained in any suitable way. In some
embodiments, the keyboard style may be specified by direct user inputs, which may be
read from a user profile or other source of configuration information.

[0091] Regardless of the manner in which the keyboard style is determined,
processing may then proceed to act 912. At act 912, the soft keyboard interface
component may determine values of keyboard parameters as rendered. For example, these
keyboard parameters may be the size of the keys, their positions and/or the size of the
gutter between keys. Values for these parameters may be determined in any suitable way.
They may depend, for example, on the type of device on which the soft keyboard is being
rendered and specifically on factors such as the size of the display or size of the display
region allocated to the soft keyboard.

[0092] At act 914, a default probability distribution function may be identified for
cach of the keys for which a probability is to be returned. The probability distribution
functions loaded in act 914 may be based on the keyboard style determined in act 910 and
the values of other keyboard parameters determined in act 912. Though, the probability

distribution functions loaded in act 914 may be selected based on values of any other
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appropriate parameter that can be determined before the user begins to interact with the
keyboard. For example, though not shown in FIG. 9, in some embodiments, a computing
device may store profile information for each of multiple potential users of the computing
device. Information from the profile of the active user may also be used in act 914 to
identify suitable probability distribution functions for keys of the soft keyboard based on
historic typing patterns or other historical information collected about the user.

[0093] Regardless of the specific parameters used to determine the probability
distribution functions, those probability distribution functions may be represented in any
suitable way. In some embodiments, the probability distribution functions may be
represented by values for parameters of a probability distribution model, such as the mean
and variance of a Gaussian probability distribution model as described above. However,
any suitable techniques for characterizing the probability distribution functions may be
used. Regardless of how represented, the information used to characterize those
probability distribution functions may be loaded as part of act 914. Once probability
distribution functions are available, the soft keyboard interface component may use those
probability distribution functions to process keyboard inputs.

[0094] FIG. 9 illustrates a component 920 generating keyboard input. Component
920, for example, may be a controller for a touchscreen. Though, it should be appreciated
that component 920 may represent a collection of components, including components that
pre-process information generated by a touchscreen controller to identify “taps” prior to
providing input to the soft keyboard interface component. Regardless of the source and
pre-processing of a keyboard inputs, the soft keyboard interface component may receive
those inputs as act 922.

[0095] In act 924, the soft keyboard interface component may update a typing
speed estimate for the user. In some embodiments, the soft keyboard interface component
may track an average rate at which keyboard taps are detected. This average rate may be
used as an indication of the speed at which the user is typing, which in turn may be used to
dynamically determine probability distribution functions for the keys of the soft keyboard.
The typing speed estimate obtained in act 924 may be obtained in any suitable way.
Though, as one example, the typing speed estimate may be maintained as a running
average of time separating keyboard taps.

[0096] Method 900 may then proceed to act 926. At act 926, keys adjacent to the
location of the input received at act 922 may be identified. The keys selected at act 926

may be determined in any suitable way. In some embodiments, the keys selected as part
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of act 926 may include any key including the location of the input received as part of act
922. In addition, any key adjacent to that input location may be included in the selection.
Though, any suitable technique for identifying a subset of the keys for which probability
values are to be returned may be used. In some embodiments, limits on the probability
distribution functions associated with the keys may be used, expressly or implicitly, to
select adjacent keys. For example, any key having a probability distribution function that
is non-zero at the input location may be selected as part of act 926 or any key which
intersects with the touch contact geometry can be used. The inventors have realized that
even a combination of such techniques may be used for various application specific
corrections and predictions.

[0097] Regardless of the manner in which the adjacent keys are selected, at act
928, the probability distribution functions for those selected keys may be updated. In
embodiments in which the probability distribution functions depend on the typing speed,
the update at act 928 may involve selecting appropriate probability distribution functions
for keyboards having characteristics determined in acts 910 and 912 when used as
determined in act 924. As with other selections of the probability distribution functions,
the selection at act 928 may be made in any suitable way. In some embodiments, the
selection may be made by accessing look-up tables associated with each of the selected
keys, using as an index into the look-up table values of the parameters determined as part
of acts 910, 912, and 924.

[0098] Regardless of the manner in which the probability distribution functions
are determined, those probability distribution functions may be used to associate a
probability with each of the adjacent keys selected as part of act 926. The probability for
cach key may indicate a probability that the user targeted that key with the input received
at act 922.

[0100] In embodiments in which the probability distribution functions are subject
to limits defined by anchors associated with the keys, method 900 may branch at decision
block 940, depending on whether the received input falls within an anchor. If so, method
900 may branch to act 950. At act 950, the soft keyboard interface component may
associate a probability of 1 with the key associated with the anchor in which the input
falls. Processing may then proceed to act 954 where this probability is reported. In the
embodiment illustrated in FIG. 9, when a keyboard input falls within the anchor of a key,
probabilities for other keys are not reported. Though, in other embodiments, an input

falling within the anchor of a key may be reported in any suitable way. As an example of
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an alternative that may be used in some embodiments, an input detected within the anchor
of a key may be reported separately from probabilities associated with other adjacent keys
such that a post-processing component receiving output from the soft keyboard interface
component may be programmed to make use of information about inputs within an anchor
in any suitable way.

[0101] Regardless of the manner in which inputs within an anchor are specified, if
the input received as part of act 922 does not fall within an anchor, method 900 may
proceed to act 952. At act 952, probabilities may be determined for each of the adjacent
keys selected as part of act 926. Determining the probabilities at block 952 may entail
selecting a value from the updated probability distribution functions for those adjacent
keys based on the location of the received input relative to a reference point on each of
those keys. In the embodiments described in connection with FIGS. 6A and 6B, the
reference point of each key is taken to be its center. Though, in other embodiments, such
as for a split keyboard, the reference point may be an edge of the keyboard or other
suitable location. Though, any suitable mechanism may be used to determine a probability
for an input at a particular location based on the spatial probability distribution functions
associated with the keys.

[0102] Regardless of the manner in which the probabilities are determined for
cach of the adjacent keys, processing may proceed to act 954. At act 954, the determined
probability or probabilities may be reported. These reports may be made to a post-
processing component, such as a text-prediction engine. Though, regardless of any post-
processing, information indicating the key or keys associated with the received input may
be provided to an application or other component receiving input from the soft keyboard.
This input may be provided using techniques as are known in the art or in any other
suitable way.

[0103] Soft keyboard interface techniques as described herein may be integrated
in any suitable computing device. FIG. 10 illustrates an example of a suitable computing
system environment 1000 on which the invention may be implemented. The computing
system environment 1000 is only one example of a suitable computing environment and is
not intended to suggest any limitation as to the scope of use or functionality of the
invention. Neither should the computing environment 1000 be interpreted as having any
dependency or requirement relating to any one or combination of components illustrated

in the exemplary operating environment 1000.
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[0104] The invention is operational with numerous other general purpose or
special purpose computing system environments or configurations. Examples of well-
known computing systems, environments, and/or configurations that may be suitable for
use with the invention include, but are not limited to, personal computers, server
computers, hand-held or laptop devices, multiprocessor systems, microprocessor-based
systems, set top boxes, programmable consumer electronics, network PCs, minicomputers,
mainframe computers, distributed computing environments that include any of the above
systems or devices, and the like.

[0105] The computing environment may execute computer-executable
instructions, such as program modules. Generally, program modules include routines,
programs, objects, components, data structures, etc. that perform particular tasks or
implement particular abstract data types. The invention may also be practiced in
distributed computing environments where tasks are performed by remote processing
devices that are linked through a communications network. In a distributed computing
environment, program modules may be located in both local and remote computer storage
media including memory storage devices.

[0106] With reference to FIG. 10, an exemplary system for implementing the
invention includes a general purpose computing device in the form of a computer 1010.
Components of computer 1010 may include, but are not limited to, a processing unit 1020,
a system memory 1030, and a system bus 1021 that couples various system components
including the system memory to the processing unit 1020. The system bus 1021 may be
any of several types of bus structures including a memory bus or memory controller, a
peripheral bus, and a local bus using any of a variety of bus architectures. By way of
example, and not limitation, such architectures include Industry Standard Architecture
(ISA) bus, Micro Channel Architecture (MCA) bus, Enhanced ISA (EISA) bus, Video
Electronics Standards Association (VESA) local bus, and Peripheral Component
Interconnect (PCI) bus also known as Mezzanine bus.

[0107] Computer 1010 typically includes a variety of computer readable media.
Computer readable media can be any available media that can be accessed by computer
1010 and includes both volatile and nonvolatile media, removable and non-removable
media. By way of example, and not limitation, computer readable media may comprise
computer storage media and communication media. Computer storage media includes both
volatile and nonvolatile, removable and non-removable media implemented in any method

or technology for storage of information such as computer readable instructions, data

24



10

15

20

25

30

WO 2013/039532 PCT/US2011/055816

structures, program modules or other data. Computer storage media includes, but is not
limited to, RAM, ROM, EEPROM, flash memory or other memory technology, CD-ROM,
digital versatile disks (DVD) or other optical disk storage, magnetic cassettes, magnetic
tape, magnetic disk storage or other magnetic storage devices, or any other medium which
can be used to store the desired information and which can accessed by computer 1010.
Communication media typically embodies computer readable instructions, data structures,
program modules or other data in a modulated data signal such as a carrier wave or other
transport mechanism and includes any information delivery media. The term “modulated
data signal” means a signal that has one or more of its characteristics set or changed in
such a manner as to encode information in the signal. By way of example, and not
limitation, communication media includes wired media such as a wired network or direct-
wired connection, and wireless media such as acoustic, RF, infrared and other wireless
media. Combinations of the any of the above should also be included within the scope of
computer readable media.

[0108] The system memory 1030 includes computer storage media in the form of
volatile and/or nonvolatile memory such as read only memory (ROM) 1031 and random
access memory (RAM) 1032. A basic input/output system 1033 (BIOS), containing the
basic routines that help to transfer information between elements within computer 1010,
such as during start-up, is typically stored in ROM 1031. RAM 1032 typically contains
data and/or program modules that are immediately accessible to and/or presently being
operated on by processing unit 1020. By way of example, and not limitation, FIG. 10
illustrates operating system 1034, application programs 1035, other program modules
1036, and program data 1037.

[0109] The computer 1010 may also include other removable/non-removable,
volatile/nonvolatile computer storage media. By way of example only, FIG. 10 illustrates
a hard disk drive 1041 that reads from or writes to non-removable, nonvolatile magnetic
media, a magnetic disk drive 1051 that reads from or writes to a removable, nonvolatile
magnetic disk 1052, and an optical disk drive 1055 that reads from or writes to a
removable, nonvolatile optical disk 1056 such as a CD ROM or other optical media.
Other removable/non-removable, volatile/nonvolatile computer storage media that can be
used in the exemplary operating environment include, but are not limited to, magnetic tape
cassettes, flash memory cards, digital versatile disks, digital video tape, solid state RAM,
solid state ROM, and the like. The hard disk drive 1041 is typically connected to the

system bus 1021 through an non-removable memory interface such as interface 1040, and
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magnetic disk drive 1051 and optical disk drive 1055 are typically connected to the system
bus 1021 by a removable memory interface, such as interface 1050.

[0110] The drives and their associated computer storage media discussed above
and illustrated in FIG. 10, provide storage of computer readable instructions, data
structures, program modules and other data for the computer 1010. In FIG. 10, for
example, hard disk drive 1041 is illustrated as storing operating system 1044, application
programs 1045, other program modules 1046, and program data 1047. Note that these
components can either be the same as or different from operating system 1034, application
programs 1035, other program modules 1036, and program data 1037. Operating system
1044, application programs 1045, other program modules 1046, and program data 1047
are given different numbers here to illustrate that, at a minimum, they are different copies.
A user may enter commands and information into the computer 1010 through input
devices such as a keyboard 1062 and pointing device 1061, commonly referred to as a
mouse, trackball or touch pad. Though, in embodiments in which a touchscreen is used as
an input and output device, there may be no separate human interface devices of this type.
Other input devices (not shown),which may be present instead of or in addition to these
components, may include a microphone, joystick, game pad, satellite dish, scanner, or the
like. These and other input devices are often connected to the processing unit 1020
through a user input interface 1060 that is coupled to the system bus, but may be
connected by other interface and bus structures, such as a parallel port, game port or a
universal serial bus (USB). A monitor 1091 or other type of display device is also
connected to the system bus 1021 via an interface, such as a video interface 1090. This
display device may be a touchscreen, as described above, and it may be integrated into a
body of the computing device. In addition to the monitor, computers may also include
other peripheral output devices such as speakers 1097 and printer 1096, which may be
connected through a output peripheral interface 1095.

[0111] The computer 1010 may operate in a networked environment using logical
connections to one or more remote computers, such as a remote computer 1080. The
remote computer 1080 may be a personal computer, a server, a router, a network PC, a
peer device or other common network node, and typically includes many or all of the
elements described above relative to the computer 1010, although only a memory storage
device 1081 has been illustrated in FIG. 10. The logical connections depicted in FIG. 10
include a local area network (LAN) 1071 and a wide area network (WAN) 1073, but may
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also include other networks. Such networking environments are commonplace in offices,
enterprise-wide computer networks, intranets and the Internet.

[0112] When used in a LAN networking environment, the computer 1010 is
connected to the LAN 1071 through a network interface or adapter 1070. When used in a
WAN networking environment, the computer 1010 typically includes a modem 1072 or
other means for establishing communications over the WAN 1073, such as the Internet.
The modem 1072, which may be internal or external, may be connected to the system bus
1021 via the user input interface 1060, or other appropriate mechanism. In a networked
environment, program modules depicted relative to the computer 1010, or portions
thereof, may be stored in the remote memory storage device. By way of example, and not
limitation, FIG. 10 illustrates remote application programs 1085 as residing on memory
device 1081. It will be appreciated that the network connections shown are exemplary and
other means of establishing a communications link between the computers may be used.
[0113] Having thus described several aspects of at least one embodiment of this
invention, it is to be appreciated that various alterations, modifications, and improvements
will readily occur to those skilled in the art.

[0114] For example, user activation of a keyboard was described as being
performed through a “tap.” User input may also be detected based on a drag of a finger
across a keyboard. Accordingly, it should be appreciated that any suitable gesture
signifying user activation may be recognized and interpreted as user input.

[0115] Such alterations, modifications, and improvements are intended to be part
of this disclosure, and are intended to be within the spirit and scope of the invention.
Further, though advantages of the present invention are indicated, it should be appreciated
that not every embodiment of the invention will include every described advantage. Some
embodiments may not implement any features described as advantageous herein and in
some instances. Accordingly, the foregoing description and drawings are by way of
example only.

[0116] The above-described embodiments of the present invention can be
implemented in any of numerous ways. For example, the embodiments may be
implemented using hardware, software or a combination thereof. When implemented in
software, the software code can be executed on any suitable processor or collection of
processors, whether provided in a single computer or distributed among multiple

computers. Such processors may be implemented as integrated circuits, with one or more
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processors in an integrated circuit component. Though, a processor may be implemented
using circuitry in any suitable format.

[0117] Further, it should be appreciated that a computer may be embodied in any
of a number of forms, such as a rack-mounted computer, a desktop computer, a laptop
computer, or a tablet computer. Additionally, a computer may be embedded in a device
not generally regarded as a computer but with suitable processing capabilities, including a
Personal Digital Assistant (PDA), a smart phone or any other suitable portable or fixed
electronic device.

[0118] Also, a computer may have one or more input and output devices. These
devices can be used, among other things, to present a user interface. Examples of output
devices that can be used to provide a user interface include printers or display screens for
visual presentation of output and speakers or other sound generating devices for audible
presentation of output. Examples of input devices that can be used for a user interface
include keyboards, and pointing devices, such as mice, touch pads, and digitizing tablets.
As another example, a computer may receive input information through speech
recognition or in other audible format.

[0119] Such computers may be interconnected by one or more networks in any
suitable form, including as a local area network or a wide area network, such as an
enterprise network or the Internet. Such networks may be based on any suitable
technology and may operate according to any suitable protocol and may include wireless
networks, wired networks or fiber optic networks.

[0120] Also, the various methods or processes outlined herein may be coded as
software that is executable on one or more processors that employ any one of a variety of
operating systems or platforms. Additionally, such software may be written using any of a
number of suitable programming languages and/or programming or scripting tools, and
also may be compiled as executable machine language code or intermediate code that is
executed on a framework or virtual machine.

[0121] In this respect, the invention may be embodied as a computer readable
storage medium (or multiple computer readable media) (e.g., a computer memory, one or
more floppy discs, compact discs (CD), optical discs, digital video disks (DVD), magnetic
tapes, flash memories, circuit configurations in Field Programmable Gate Arrays or other
semiconductor devices, or other tangible computer storage medium) encoded with one or
more programs that, when executed on one or more computers or other processors,

perform methods that implement the various embodiments of the invention discussed
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above. As is apparent from the foregoing examples, a computer readable storage medium
may retain information for a sufficient time to provide computer-executable instructions in
a non-transitory form. Such a computer readable storage medium or media can be
transportable, such that the program or programs stored thereon can be loaded onto one or
more different computers or other processors to implement various aspects of the present
invention as discussed above. As used herein, the term "computer-readable storage
medium" encompasses only a computer-readable medium that can be considered to be a
manufacture (i.c., article of manufacture) or a machine. Alternatively or additionally, the
invention may be embodied as a computer readable medium other than a computer-
readable storage medium, such as a propagating signal.

[0122] The terms “program” or “software” are used herein in a generic sense to
refer to any type of computer code or set of computer-executable instructions that can be
employed to program a computer or other processor to implement various aspects of the
present invention as discussed above. Additionally, it should be appreciated that
according to one aspect of this embodiment, one or more computer programs that when
executed perform methods of the present invention need not reside on a single computer or
processor, but may be distributed in a modular fashion amongst a number of different
computers or processors to implement various aspects of the present invention.

[0123] Computer-executable instructions may be in many forms, such as program
modules, executed by one or more computers or other devices. Generally, program
modules include routines, programs, objects, components, data structures, etc. that
perform particular tasks or implement particular abstract data types. Typically the
functionality of the program modules may be combined or distributed as desired in various
embodiments.

[0124] Also, data structures may be stored in computer-readable media in any
suitable form. For simplicity of illustration, data structures may be shown to have fields
that are related through location in the data structure. Such relationships may likewise be
achieved by assigning storage for the fields with locations in a computer-readable medium
that conveys relationship between the fields. However, any suitable mechanism may be
used to establish a relationship between information in fields of a data structure, including
through the use of pointers, tags or other mechanisms that establish relationship between
data elements.

[0125] Various aspects of the present invention may be used alone, in

combination, or in a variety of arrangements not specifically discussed in the embodiments
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described in the foregoing and is therefore not limited in its application to the details and
arrangement of components set forth in the foregoing description or illustrated in the
drawings. For example, aspects described in one embodiment may be combined in any
manner with aspects described in other embodiments.

[0126] Also, the invention may be embodied as a method, of which an example
has been provided. The acts performed as part of the method may be ordered in any
suitable way. Accordingly, embodiments may be constructed in which acts are performed
in an order different than illustrated, which may include performing some acts
simultaneously, even though shown as sequential acts in illustrative embodiments.

[0127] Use of ordinal terms such as “first,” “second,” “third,” etc., in the claims
to modify a claim element does not by itself connote any priority, precedence, or order of
one claim element over another or the temporal order in which acts of a method are
performed, but are used merely as labels to distinguish one claim element having a certain
name from another element having a same name (but for use of the ordinal term) to
distinguish the claim elements.

[0128] Also, the phraseology and terminology used herein is for the purpose of

description and should not be regarded as limiting. The use of "including," "comprising,"

"o 99 s

or "having," “containing,” “involving,” and variations thereof herein, is meant to

encompass the items listed thereafter and equivalents thereof as well as additional items.
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CLAIMS

What is claimed is:
1. A method of operating a computing device having a soft keyboard, the method
comprising:

determining at least one characteristic of at least one of: (i) a user’s interaction
with the soft keyboard or (ii) a layout of the soft keyboard;

determining, for each of a plurality of keys on the soft keyboard, a probability
distribution function, the probability distribution function being determined based on the
at least one determined characteristic;

with at least one processing circuit, in response to an input received through the
soft keyboard, generating, based on the probability distribution functions, a probability
that the user targeted a key of the plurality of keys.
2. The method of claim 1, wherein:

generating the probability that the user targeted a key of the plurality of keys
comprises generating a probability for multiple keys of the plurality of keys.
3. The method of claim 1, wherein:

determining the probability distribution function for each of the plurality of keys
comprises determining a mean and variance of the probability distribution based on an
average time between taps.
4, The method of claim 1, wherein:

determining the probability distribution function for each of the plurality of keys
comprises determining a mean and variance of the probability distribution based on a style
of the soft keyboard.
5. The method of claim 4, wherein:

determining the probability distribution function for each of the plurality of keys
comprises determining a mean and variance of the probability distribution based on the
position of the key relative to a reference location on the soft keyboard.
6. A computing device comprising:

a display adapted to provide an indication of a user activation at a location on the
display; and

processing circuitry adapted to:

render a soft keyboard in a region on the display;

monitor a typing rate of user interaction with the soft keyboard; and
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for a detected user activation in the region, for at least one key adjacent the

location, provide a probability that a user targeted the key, the probability being

based on the typing rate of the user.
7. The computing device of claim 6, wherein:

the probability is further based on a layout of the soft keyboard.
8. The computing device of claim 6, wherein:

the processing circuitry is further adapted to compute, for each of a plurality of
keys on the soft keyboard, a probability distribution function representing a probability
that a detected activation at a location was caused by a user targeting the key; and

the processing circuitry determines the provided probability based on the
probability distribution functions associated with a plurality of adjacent keys.
9. The computing device of claim 8, wherein:

computing a probability distribution function comprises selecting parameters of a
Gaussian distribution based on the typing rate of the user.
10.  The computing device of claim 6, wherein:

the probability is further based on a size of a gutter between adjacent keys on the

soft keyboard.
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