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ADJUSTING COORDINATES OF TOUCH INPUT
BACKGROUND

In many types of devices, auser may provide input via atouchscreen. The

touchscreen allows the user to interact with graphical user interface (GUI) objects that
are shown on the screen display.
SUMMARY

In one implementation, atouchscreen device may include atouch sensor
for determining portions of atouchscreen display that receive touch inputs and a
motion sensor for identifying device motions of the device. Additionally, the device
may include aprocessor to identify coordinates of a portion of the touchscreen display
that receives atouch input, identify an input instant at which the touchscreen display
receives the touch input, determine a change, of device motion, that affects an
accuracy of the coordinates of the touch input based on the input instant, and adjust
the coordinates based on the determined change of device motion.

In addition, the processor may be further configured to associate the
adjusted coordinates with agraphical user interface (GUI) object located at the
adjusted coordinates at the input instant.

In addition, the processor may be further configured to determine an
output associated with the touch input based on the adjusted coordinates, and further
adjust the output using a secondary predictive process.

In addition, when determining the change in device motion, the processor
may further identify an input motion interval during which changes in the device
motion affects the accuracy of the touch input. The input motion interval ends at the
input instant. The processor aso receives aplurality of device motion values over the
input motion interval, and determines the change in device motion based on the
plurality of device motion values.

In addition, when identifying the input motion interval, the processor may
further provide a smulated touch input test that includes a configuration of graphical
user interface (GUI) objects, and determine the input motion interval based on the
simulated touch input test.

In addition, when determining the input motion interval based on the
simulated touch input test, the processor may further identify an expected touch input
at an expected touch location, receive atest touch input at atest touch location,

identify asimulated device motion associated with the test touch input, determine a
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distance between the test touch location and the expected touch location, and
determine the input motion interval based on the simulated device motion and the
distance between the test touch location and the expected touch location.

In addition, the device may include one of acell phone, atablet, an
electronic notepad, agaming console, alaptop computer, apersona digital assistant,
or apersona computer.

In addition, the processor may be further configured to determine the
change in device motion based on one or more of ayaw, pitch, or roll of the devicein
amulti-coordinate system.

Additionally, the processor may be further configured to provide the
adjusted coordinates as an input for aprimary application, wherein the primary
application includes one of an email program, atexting program, aweb browser, and
agaming application.

According to another implementation, a computer-implemented method
may include identifying coordinates, of aportion of the touchscreen display, that
receives atouch input, identifying an input instant, wherein the input instant is an
instant at which the touchscreen display receives the touch input, and determining a
change, of device motion, that affects an accuracy of the touch input based on the
input instant. The computer-implemented method may aso include adjusting the
coordinates based on the determined change of device motion.

In addition, the computer-implemented method may further include
associating the adjusted coordinates with agraphical user interface (GUI) object
located at the adjusted coordinates.

In addition, the computer-implemented method may further include
determining an output associated with the touch input based on the adjusted
coordinates, and further adjusting the output using a secondary predictive process.

In addition, when determining the change in device motion, the computer-
implemented method may further include identifying an input motion interval during
which changes in the device motion affects the accuracy of the touch input. The input
motion interval ends at the input instant. The method may aso include receiving a
plurality of device motion values over the input motion interval and determining the
change in device motion based on the plurality of device motion values.

In addition, when identifying the input motion interval, the computer-

implemented method may further include providing a simulated touch input test that
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includes a configuration of graphical user interface (GUI) objects, and determining
the input motion interval based on the simulated touch input test.

In addition, when determining the input motion interval based on the
simulated touch input test, the computer-implemented method may further include
identifying an expected touch input at an expected touch location, receiving atest
touch input at atest touch location, identifying a simulated device motion associated
with the test touch input, determining a distance between the test touch location and
the expected touch location, and determining the input motion interval based on the
simulated device motion and the distance between the test touch location and the
expected touch location.

In addition, the computer-implemented method may further include
determining the change in device motion based on one or more of ayaw, pitch, or roll
of the device in amulti-coordinate system.

In addition, the computer-implemented method may further include
providing the adjusted coordinates as an input for aprimary application, wherein the
primary application includes one of an email program, atexting program, aweb
browser, and agaming application.

In another implementation, a computer-readable medium including
computer-executable instructions, the computer-executable instructions may include
instructions to identify coordinates of aportion of the touchscreen display that
receives atouch input, identify an input instant. The input instant is an instant at
which the touchscreen display receives the touch input. The computer-readable
medium also includes instructions to determine a change of device motion that affects
an accuracy of the coordinates of the touch input based on the input instant, adjust the
coordinates based on the determined change of device motion, and provide the
adjusted coordinates as an input for aprimary application, wherein the primary
application includes one of an email program, atexting program, aweb browser, and
agaming application.

In addition, the computer-readable instructions may be executed on athe
device including one of acell phone, an electronic notepad, a gaming console, a
laptop computer, apersona digital assistant, or apersonal computer.

In addition, the computer-readable instructions include instructions for

causing the one or more processors to associate the adjusted coordinates with a
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graphical user interface (GUI) object located at the adjusted coordinates at the input
instant.
BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in and constitute a

part of this specification, illustrate one or more embodiments described herein and,
together with the description, explain the embodiments. In the drawings:

Fig. lillustrates the concepts described herein;

Fig. 2is adiagram of an exemplary device that implements the concepts
described herein;

Fig. 3is ablock diagram of the device of Fig. 2;

Fig. 4A is acoordinate adjustment data flow diagram for aportion of the
device of Fig. 2;

Fig. 4B is aconceptua representation diagram that is associated with
adjusting coordinates in atouchscreen display;

Fig. 5is aflow diagram of an exemplary process associated with adjusting
coordinates of atouch input; and

Fig. 6is aflow diagram of an exemplary process for determining an input
motion interval.

DETAILED DESCRIPTION

The following detailed description refers to the accompanying drawings.

The same reference numbers in different drawings may identify the same or similar
elements. Also, the following detailed description is exemplary and explanatory only
and is not restrictive of the invention, as claimed.

In the following, amotion sensor may receive and record adevice motion
of atouchscreen device at predetermined instances. A touch sensor may receive a
touch input from auser. The touchscreen device may determine whether there was a
change in the motion of the touchscreen device during a predetermined time
preceding the input. The change in motion may correspond to a sudden movement of
the touchscreen device in an arbitrary direction. The touchscreen device may
compensate for the change in motion to determine the coordinates that the user
intended to select.

Fig. lillustrates one implementation of the above concept. Fig. 1shows a
device 102 that may include atouchscreen display 104, which, in turn, may display
GUI objects 106 (in this particular instance, keys of an alphanumeric keyboard) that
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may be located at particular coordinates of touchscreen display 104 at particular
times. User 110 may use touchscreen display 104 for user input, for example when
composing emails, texting, browsing, etc.

Device 102 may have an associated device motion 108. Device motion
108 may include avelocity (i.e., a speed and adirection) in which device 102 may
move. Device 102 may receive an indication of coordinates of aparticular GUI
object 106 from atouch input that user 110 may apply to touchscreen display 104
using an input instrument 112. User 110 may have an associated user motion 114,
which includes auser velocity and user direction, at which input instrument 112
touches device 102 to select GUI objects 106.

When user 110 intends to input selection of aparticular GUI object 106 to
device 102, for example, aletter key A using aword processing program, user 110
may use input instrument 112 to provide atouch input at aparticular portion of
touchscreen display 104 at which particular GUI object 106 is displayed. The
particular portion of touchscreen display 104 may have coordinates that correspond to
particular GUI object 106 in an application and/or memory associated with device
102. For example, the coordinates may correspond to two dimensional coordinates
(%, y) in arepresentation of touchscreen display 104 in a Cartesian coordinate system
that is associated with device 102.

User 110 may decide at aparticular instant ("the input decision time") to
touch the particular portion of touchscreen display 104 at which particular GUI object
106 is located and may begin amotion (selection motion 116) towards touching the
particular portion of touchscreen display 104. Selection motion 116 may include a
velocity and adirection in which user 110 moves input instrument 112 (e.g., finger or
stylus). User 110 may touch user device 102 at the particular portion of touchscreen
display 104 at which the particular intended GUI object 106 islocated. The time
between the input decision time and the input instant may be defined as auser
response time. The user response time may include atime between an actual thought
of selecting the particular portion of touchscreen display 104 (e.g., the time of the
start of the motion) and an actual instant that input instrument 112 touches
touchscreen display 104.

In many instances, device motion 108 may be constant in both velocity
and direction. If the motion of the body of user 110 is approximately equivaent in
both direction and velocity to device motion 108, performing selection motion 116
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may alow user 110 to provide input (e.g., viainstrument 112) to the particular portion
of touchscreen display 104 (i.e., user 110 puts finger on touchscreen display 104 at
GUI object). Inthese instances, the user reaction time, and device motion 108, may
not affect the selection of aparticular portion of touchscreen display 104, i.e, a
particular key, because, from the perspective of user 110, touchscreen device 102 is
stationary (or moving in the same relative direction and at the same velocity as user
110).

However, in some instances, device motion 108 may vary between the
input decision time and the input instant. If user 110 isusing device 102 and receives
achange in device motion 108 (e.g., asudden jolt while walking, driving, etc., and
using device 102) between the user input decision time and the input instant, input
instrument 112 may be deviated from touching the particular portion of touchscreen
display 104 and may contact a portion that user 110 did not intend to touch. In other
words, user 110 may "miss' atarget area of touchscreen display 104 because of an
unexpected change in device motion 108. User motion 114 may have intended to
select aparticular GUI object 106 and may select another portion of touchscreen
display 104 instead, e.g. adifferent key.

Device 102 may include amotion sensor, such as an accelerometer and/or
gyroscope (not shown in Fig. 1), capable of detecting and recording device motion
108, which may include a change in velocity/accel eration/orientation of device 102.
The motion sensor may detect instances of device motion 108 between the input
decision time and the input instant. For example, the motion sensor may provide
information at predetermined intervals regarding the device motion 108 from which
the changes in device motion 108 may be determined. Device 102 may determine
coordinates of an areathat istouched by input instrument 112. Device 102 may
compensate for the changes in device motion 108 by adjusting the coordinates of the
area actually touched by input instrument 112 based on the changes in device motion
108, as described below.

According to one implementation, device 102 may include a motion
sensor, such as a gyroscope, which may detect changes in the orientation of device
102. Changes in the orientation of device 102 may contribute to adeviation from the
intended portion of touchscreen display 104. The motion sensor may measure
orientation at each instance and provide the information to be used in determining the

change in orientation of device 102 over the duration of the input motion interval.
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According to one implementation, device 102 may include a motion sensor
that is capable of selection motion 116 of the input instrument in a three-dimensional
(3D) field. The motion sensor may detect angular acceleration of the input instrument
112, and project the vector value of the angular acceleration component of selection
motion 116 to the plane of display screen. Device 102 may use this vector to
approximate the distance in XY coordinates of the screen, for compensation distance.

Although the particular implementation discussed is described with respect
to input provided to atouchscreen display and Cartesian coordinates of the input in
two dimensions, principles disclosed herein may be implemented in different systems
that may include a3D input entry field, such as a 3D motion gaming application.
Additionally, although GUI objects 106 may include different types of buttons, menu
items, icons, cursors, arrows, textboxes, images, text, selectable list box, hyperlinks,
etc., GUI objects 106 in Fig. lareillustrated as windows with GUI aphanumeric
keypads.

Fig. 2is adiagram of an exemplary device 200 in which the concepts
described herein may be implemented. Device 200 may include any of the following
devices: amobile telephone; acellular phone; apersonal communications system
(PCS) terminal that may combine a cellular radiotelephone with data processing,
facsimile, and/or data communications capabilities; an electronic notepad, atablet
computer, alaptop, and/or apersonal computer; apersonal digital assistant (PDA) that
can include atelephone; agaming device or console; aperiphera (e.g., wireless
headphone); adigital camera; or another type of computational or communication
device that combines atouchscreen and a sensor capable of determining the motion of
the device.

In this implementation, device 200 may take the form of amaobile phone
(e.g., acell phone). Asshownin Fig. 2, device 200 may include a speaker 202, a
touchscreen display 204, control buttons 206, a microphone 210, sensors 212, afront
camera 214, and ahousing 216. Speaker 202 may provide audible information to a
user of device 200.

Display 204 may provide visual information to the user, such as an image
of acaller, video images, or pictures. In addition, display 204 may include a
touchscreen for providing input to device 200. Display 204 may provide
hardware/software to detect the coordinates of an area that is touched by user 110.

For example, display 204 may include adisplay panel, such asaliquid crystal display
7



10

15

20

25

30

WO 2013/103344 PCT/US2012/020261

(LCD), organic light-emitting diode (OLED) display, and/or another type of display
that is capable of providing images to aviewer. Display 204 may include a
transparent panel/surface for locating the position of afinger or an object (e.g., stylus)
when the finger/object is touching or is close to display 204.

In one implementation, display 204 may generate an electric field at its
surface and detect changes in capacitance and the electric field due to anearby object.
A separate processing unit (not shown) that is attached to an output of display 204
may use the output of display 204 to generate the location of disturbances in the
electric field, and thus the location of the object (i.e., the touch input).

Control buttons 206 may permit the user to interact with device 200 to
cause device 200 to perform one or more operations, such as place or receive a
telephone call. In some implementations, control buttons 206 may include a
telephone keypad (not shown) that may be complementary to GUI objects generated
on touchscreen display 204. Microphone 210 may receive audible information from
the user. Sensors 212 may collect and provide, to device 200, information (e.g.,
acoustic, infrared, etc.) that is used to aid the user in capturing images or in providing
other types of information (e.g., adistance between auser and device 200). Front
camera 214 may enable auser to view, capture and store images (e.g., pictures, video
clips) of asubject in front of device 200. Housing 216 may provide acasing for
components of device 200 and may protect the components from outside elements.

Fig. 3is ablock diagram of the device of Fig. 2. Asshown in Fig. 3,
device 200 may include aprocessor 302, amemory 304, input/output components
308, anetwork interface 310, atouch sensor 312, amotion sensor 314, and a
communication path 316. In different implementations, device 200 may include
additional, fewer, or different components than the ones illustrated in Fig. 2. For
example, device 200 may include additiona network interfaces, such as interfaces for
receiving and sending data packets.

Processor 302 may include aprocessor, amicroprocessor, an Application
Specific Integrated Circuit (ASIC), aField Programmable Gate Array (FPGA), and/or
other processing logic (e.g., audio/video processor) capable of processing information
and/or controlling device 200.

Memory 304 may include static memory, such asread only memory
(ROM), and/or dynamic memory, such as random access memory (RAM), or onboard

cache, for storing data and machine-readable instructions. Memory 304 may also
8
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include storage devices, such as afloppy disk, CD ROM, CD read/write (R/W) disc,
and/or flash memory, aswell as other types of storage devices.

Memory 304 may include acoordinate adjustment application 306.
Coordinate adjustment application 306 may include data and machine-readable
instructions to adjust coordinates received by device 200 based on data regarding
motion of device 200. Coordinate adjustment application 306 may be executed by
processor 302. Coordinate adjustment application 306 may adjust coordinates
indicated by atouch input applied to touchscreen display 104. Coordinate adjustment
application 306 may adjust the coordinates based on a change in device motion 108 to
approximate atouch input to device 102 that occurs with a constant device motion
108 (i.e., without achange in device motion 108).

Input/output components 308 may include adisplay screen (e.g.,
touchscreen display 104, touchscreen display 204, etc.), akeyboard, amouse, a
speaker, amicrophone, aDigital Video Disk (DVD) writer, aDVD reader, Universal
Seria Bus (USB) lines, and/or other types of components for converting physical
events or phenomena to and/or from digital signals that pertain to device 200.

Network interface 310 may include any transceiver- like mechanism that
enables device 200 to communicate with other devices and/or systems. For example,
network interface 310 may include mechanisms for communicating via a network,
such asthe Internet, aterrestrial wireless network (e.g.,, aWLAN), acellular network,
a satellite-based network, aWPAN, etc. Additionally or alternatively, network
interface 310 may include amodem, an Ethernet interface to a LAN, and/or an
interface/ connection for connecting device 200 to other devices (e.g., a Bluetooth
interface).

Touch sensor 312 may provide information regarding contact received
from user 110 at aparticular portion of atouchscreen display of device 200. Touch
sensor 312 may be embedded/integrated into touchscreen display 104.

Motion sensor 314 may include accelerometer, gyroscope, etc. that
provides information regarding device motion 108 of device 200. Motion sensor 314
may periodically determine device motion 108 of device 200. In one implementation,
motion sensor 314 may determine values associated with device motion 108, such as a
velocity and direction of device 200 using a multiple coordinate system/reference,
such as a Cartesian coordinate system, Euler angles or Tait-Bryan angles, that

intersects/overlaps with a conceptual representation of touchscreen display 104 and
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provide the values to be used in determining adjusted coordinates for atouch input
applied to atouchscreen display 204 of device 200. Motion sensor 314 may
determine values that incorporate device motion 108 around acenter of mass of
device 102 including tilt, turn, yaw, pitch, and roll of device 102. Motion sensor 314
may also determine a change in orientation of touchscreen display 104.

Communication path 316 may provide an interface through which
components of device 200 may communicate with one another.

Fig. 4A is acoordinate adjustment data flow diagram 400 for aportion of
device 102. Asshown in Fig. 4A, coordinate adjustment data flow diagram 400
includes touch sensor 312, motion sensor 314, a coordinate adjustment application
306, and aprimary application 430. The particular arrangement and number of
components in data flow diagram 400 as shown in Fig. 4A isillustrated for simplicity.

Fig. 4A isdescribed with respect to Fig. 4B, which illustrates a conceptual
representation diagram 450 that is associated with adjusting coordinates in a
touchscreen display.

Asshown in Fig. 4A, touch sensor 312 may output coordinates 420 of a
portion of touchscreen display 104 in response to atouch input from auser received
on aportion of touchscreen display 104 (e.g., from user 110 using input instrument
112 as described with respect to Fig. 1 hereinabove) . Touch sensor 312 may receive
the touch input when user 110 attempts to select aparticular GUI object 106 on
touchscreen display 104. Touch sensor 312 may identify coordinates 420 of aportion
of touchscreen 204 touched by input instrument 112 based on Cartesian coordinates of
the particular portion of touchscreen display 104. Touch sensor 312 may provide
coordinates 420 to coordinates adjustment module 416.

Motion sensor 314 may determine information regarding device motion
108 of device 102 relevant to the selection of coordinates 420. The information may
include the device motion 108 (e.g., angular acceleration, velocity, orientation, etc.) at
predetermined instances/intervals. Motion sensor 314 may provide the values of
device motion 108 to motion module 412. Alternatively, motion sensor 314 may
record and retain device motion 108 values and provide values relevant to aparticular
selection of coordinates 420 to motion module 412 in response to arequest from
motion module 412 (i.e., device motion 108 determined over aparticular input motion

interval). Motion sensor 314 may also provide information regarding an orientation
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of device 102. The input motion interval isatime that ends at the input instant during
which changes in device motion 108 may affect the accuracy of the touch input.

Coordinate adjustment application 306 includes motion module 412, and
coordinates adjustment module 416.

Coordinates adjustment module 416 may receive coordinates 420 of the
selected portion of touchscreen display 104 from touch sensor 312 when user 110
touches touchscreen display 104. In some instances, device 102 may be subject to a
change in device motion 108 that may affect an accuracy of selection of coordinates
420. For example, coordinates adjustment module 416 may receive coordinates 420
when user 110 touches touchscreen display 104 concurrent to amotor vehicle in
which user 110 isbeing carried going over apothole. The car's movement over the
pothole may cause device 102 to shift and the touch to be placed at adifferent portion
of touchscreen display 104 than the portion of touchscreen display 104 intended by
user 110.

Motion module 412 may receive values, for device motion 108, that
include values beginning at a start of the input motion interval. The input motion
interval may be selected as a predetermined time interval preceding the input instant
at which input instrument 112 touches touchscreen display 104 (i.e., device motion
108 that occurs in atime frame that may affect the selection of coordinates 420). The
predetermined time interval may be selected based on an estimated user response
time. The user response time may include atime between a start of the particular
portion of touchscreen display 104 and an actual instant that input instrument 112
touches touchscreen display 104. The response time may be estimated based a
typical/average user response time. A typical reaction time may span time in the order
of hundreds of milliseconds.

Motion module 412 may analyze the values for device motion 108 over the
predetermined time interval and determine apositional vector 422 (e.g., as shown in
Fig. 4B) for device 102 that includes the change in velocity and/or direction over the
predetermined time interval. Positional vector 422 may provide atwo dimensional
representation of motion in the multiple coordinate system. Positional vector 422
may indicate that the change in device motion 108 over the predetermined time
interval moved points in touchscreen display 104 adistance (or units) indicated by
positional vector 422 (i.e., anumber of units in the multiple coordinate system).

Because user 110 and device 102 may receive multiple jolts, the acceleration may
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change during the response time. Device 102 may sample the acceleration many
times in the response time interval, to accurately integrate over the varying
acceleration.

Motion module 412 may determine positional vector 422 based on an
orientation of each touchscreen display 104. For example, device 102 may include
multiple touchscreen displays 104. Motion module 412 may identify components of
device motion 108, such as aangle, yaw, pitch and roll of aparticular touchscreen
display 104 of device 102 based on device motion 108. Motion module 412 may
determine positional vector 422 based on of the components of device motion 108.
For example, if user 110 ispositioned with respect to device 102 such that a change in
device motion 108 (i.e., acceleration, deceleration and/or change in direction of
device 102) is at an angle that is substantially perpendicular to the plane of
touchscreen display 104, motion module 412 may determine arelatively smaller value
for compensatory motion vector 424 when compared to a compensatory motion
vector 424 for changes in device motion 108 that occur in the plane of touchscreen
display 104 (e.g., the change in device motion 108 occurs across aface of device
102).

Motion module 412 may also determine a compensatory motion vector
424 (e.g., as shown in Fig. 4B) that balances positional vector 422. In other words,
compensatory motion vector 424 may be an opposite motion vector to positional
vector 422. Compensatory motion vector 424 may be an equal and opposite vector to
positional vector 422 in terms of both change in acceleration and direction.

Asshown in Fig. 4B, coordinates adjustment module 416 may receive
coordinates 420 from touch sensor 312 and compensatory mation vector 424 from
motion module 412. Coordinates adjustment module 416 may adjust a position of
coordinates 420 based on compensatory motion vector 424. Coordinates adjustment
module 416 may provide GUI objects 106 that correspond to adjusted coordinates 426
to primary application 430.

Primary application 430 may combine the adjusted coordinates 426 and/or
identified GUI objects 106 determined based on the adjusted coordinates 426 with
additional predictive processes to refine the adjustments of touch input received from
user 110. For example, additional predictive process may include a spell check
program that may further adjust the coordinates 426. Primary application 430 may be

an email program, atexting program, aweb browser, aword processing program or a
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gaming application. In one example, coordinate adjustment application 306 may
perform aninitial correction of alphanumeric input provided by user 110, such asa
word "if8de" to "iclude" based on changes in device motion 108. Primary application
430 may include a spell check program that further corrects "iclude" to aword
included in an associated database, such as "include”.

According to one implementation, device 102 may provide a feedback
mechanism to fine tune to particular user input. For example, device 102 may
identify optimal response time for individual users based on atest, such as one
described below with respect to Fig. 6 and process 600. The compensatory motion
vectors 424 may increase in value for users that have slower response times

Fig. 5is aflow chart of an exemplary process for adjusting coordinates of
atouch input described herein. Process 500 is described with respect to conceptual
representation 450. In one implementation, process 500 may be performed by device
102. In another implementation, some or all of process 500 may be performed by
another device or group of devices, including or excluding device 102.

[0000] Assume that displayl04 isdisplaying aplurality of GUI objects 106.
Process 500 may start with motion sensor 314 identifying a device motion 108 of
device 102 at repeating intervals (e.g., motion sensor 314 may identify device motion
308 after time intervals that are one fifth of aninput motion interval) (block 502).
Motion sensor 314 may identify avelocity and adirection of device motion 108.

At block 504, device 102 may identify coordinates of atouch input to
touchscreen display 104. For example, auser 110 may apply atouch input to
touchscreen display 104 directed towards aparticular GUI object 106 at particular
coordinates.

At block 506, device 102 may identify an input instant at which the touch
input was received.

Device 102 may determine achange in device motion 108 that may affect
an accuracy of the touch input based on the input instant (block 508). For example,
device 102 may request values for device motion 108 for an input motion interval
from motion sensor 314. Device 102 may determine achange in device motion 108
based on device motion values 108 measured at each repeating interval within the
input motion interval.

Device 102 may adjust the coordinates of the touch input based on the

change in device motion 108. For example, as shown in Fig. 4B, device 102 may
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adjust the coordinates 420 of the touch input using a compensatory mation vector 424
that incorporates the change in device motion 108 in units corresponding to that of
coordinates of the GUI objects represented viatouchscreen display 104.

Fig. 6is aflow diagram of an exemplary process 600 for determining an
input motion interval. Process 500 is described with respect to conceptual
representation 450. In some implementations, process 500 may be performed by
device 102. In another implementation, some or all of process 600 may be performed
by another device or group of devices, including or excluding device 102.

Assume that touchscreen display 104 is displaying aplurality of GUI
objects 106. Process 500 may start with device 102 identifying expected touch inputs
that are to be input by user 110 (block 602). Each expected touch input may have an
expected touch location. For example, device 102 may provide alist of touch inputs
(e.g., atest message) that isto be entered at touchscreen display 104. User 110 may
enter the expected touch inputs under controlled conditions, such asin an otherwise
stationary environment. During the input, the GUI of device 102 may be moved or
"scrolled" randomly.

Device 102 may receive test touch inputs from user 110 (block 604). For
example, user 110 may type the test message into device 102 viatouchscreen display
104. Device 102 may receive test touch inputs at test touch locations on touchscreen
display 104.

Device 102 may identify simulated device motion 108 (block 606). For
example, device 102 may randomly scroll GUI objects 106 on touchscreen display
104 at a speed corresponding to achange in device motion 108, such as achange in
device motion 108 received when auser 110 and device 102 arejostled on apublic
train.

Device 102 may determine adistance between the test touch location and
the expected touch location (block 608). For example, device 102 may measure a
distance between coordinates of the test touch location and the coordinates of the
expected touch location.

Device 102 may determine aninput motion interval (block 610). For
example, device 102 may determine the input motion interval based on the magnitude
of the distance between the location of the test touch input and the expected touch
input and a simulated device maotion provided by device 102 preceding the input
instant. The magnitude of the distance between the location of the test touch input
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and the expected touch input may be related to the length of the input motion interval
(measured in units of time, such as microseconds, etc.). If user 110 enters test touch
inputs at a slower pace or response time, the distance from the expected touch
location to the test touch location caused by changes in device motion 108 may
increase accordingly.

The foregoing description of exemplary implementations provides
illustration and description, but is not intended to be exhaustive or to limit the
embodiments described herein to the precise form disclosed. Modifications and
variations are possible in light of the above teachings or may be acquired from
practice of the embodiments.

For example, while series of blocks have been described with respect to
Figs. 5and 6, the order of the blocks may be modified in other implementations.
Further, non-dependent blocks may be performed in parallel.

It will be apparent that different aspects of the description provided above
may be implemented in many different forms of software, firmware, and hardware in
the implementations illustrated in the figures. The actual software code or specialized
control hardware used to implement these aspects is not limiting of the invention.
Thus, the operation and behavior of these aspects were described without reference to
the specific software code—it being understood that software and control hardware
can be designed to implement these aspects based on the description herein.

Although the implementations described above mainly refer to a adjusting
touch input of adevice based on device motion, in other implementations, other types
of input may be adjusted based on motion associated with areceiving device or an
input entity.

It should be emphasized that the term "comprises/comprising” when used
in this specification istaken to specify the presence of stated features, integers, steps
or components but does not preclude the presence or addition of one or more other
features, integers, steps, components, or groups thereof.

No element, act, or instruction used in the present application should be
construed as critical or essential to the implementations described herein unless
explicitly described as such. Also, asused herein, the article "a" is intended to
include one or more items. Further, the phrase "based on" isintended to mean

"based, at least in part, on" unless explicitly stated otherwise.
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WHAT IS CLAIMED ISs:

1. A device comprising:
atouch sensor for determining portions, of atouchscreen display, that receive
touch inputs,
amotion sensor for identifying device motions of the device; and
aprocessor to:
identify coordinates of aportion, of the touchscreen display, that
receives atouch input,
identify an input instant, wherein the input instant is an instant at
which the touchscreen display receives the touch input,
determine a change, of device motion, that affects an accuracy of the
coordinates of the touch input based on the input instant; and
adjust the coordinates based on the determined change of device

motion.

2. The device of claim 1, wherein the processor is further configured to:
associate the adjusted coordinates with a graphical user interface (GUI) object
located at the adjusted coordinates at the input instant.

3. The device of claim 1, wherein the processor is further configured to:
determine an output associated with the touch input based on the adjusted

coordinates, and further adjust the output using a secondary predictive process.

4. The device of claim 1, wherein, when determining the change in
device motion, the processor is further to:

identify an input motion interval during which changes in the device motion
affects the accuracy of the touch input, wherein the input motion interval ends at the
input instant;

receive aplurality of device motion values over the input motion interval; and

determine the change in device motion based on the plurality of device motion

values.

5. The device of claim 4, wherein, when identifying the input motion

interval, the processor is further configured to:
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provide asimulated touch input test that includes aconfiguration of graphical
user interface (GUI) objects; and

determine the input motion interval based on the simulated touch input test.

6. The device of claim 5, wherein, when determining the input motion
interval based on the simulated touch input test, the processor is further configured to:

identify an expected touch input at an expected touch location;

receive atest touch input at atest touch location;

identify asimulated device motion associated with the test touch input;

determine a distance between the test touch location and the expected touch
location; and

determine the input motion interval based on the simulated device motion and

the distance between the test touch location and the expected touch location.

7. The device of claim 1, wherein the device includes;
acell phone, atablet, an electronic notepad, agaming console, alaptop

computer, apersona digital assistant, or apersonal computer.

8. The device of claim 1, wherein the processor is further configured to:
determine the change in device motion based on one or more of ayaw, pitch,

or roll of the device in amulti-coordinate system.

9. The device of claim 1, wherein the processor is further configured to:
provide the adjusted coordinates as an input for aprimary application, wherein
the primary application includes one of an email program, atexting program, aweb

browser, and agaming application.

10. A computer-implemented method comprising:

identifying coordinates of aportion, of the touchscreen display, that receives a
touch input:

identifying an input instant, wherein the input instant is an instant at which the
touchscreen display receives the touch input:

determining a change, of device motion, that affects an accuracy of the

coordinates of the touch input based on the input instant; and

17



WO 2013/103344 PCT/US2012/020261

adjusting the coordinates based on the determined change of device motion.

11. The computer-implemented method of claim 10, further comprising:
associating the adjusted coordinates with a graphical user interface (GUI)
object located at the adjusted coordinates.

12. The computer-implemented method of claim 10, further comprising:
determining an output associated with the touch input based on the adjusted
coordinates; and

further adjusting the output using a secondary predictive process.

13. The computer-implemented method of claim 10, wherein determining
the change in device motion further comprises:

identifying an input motion interval during which changes in the device
motion affects the accuracy of the touch input, wherein the input motion interval is a
time that ends at the input instant;

receiving aplurality of device motion values over the input motion interval;
and

determining the change in device motion based on the plurality of device

motion values.

14. The computer-implemented method of claim 13, wherein identifying
the input motion interval further comprises:

providing a simulated touch input test that includes a configuration of
graphical user interface (GUI) objects; and

determining the input motion interval based on the simulated touch input test.

15. The computer-implemented method of claim 14, wherein determining
the input motion interval based on the simulated touch input test further comprises:

identifying an expected touch input at an expected touch location;

receiving atest touch input at atest touch location;

identifying a simulated device motion associated with the test touch input;

determining a distance between the test touch location and the expected touch

location; and
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determining the input motion interval based on the simulated device motion

and the distance between the test touch location and the expected touch location.

16. The computer-implemented method of claim 10, further comprising:
determining the change in device motion based on one or more of ayaw,

pitch, or roll of the device in amulti-coordinate system.

17. The computer-implemented method of claim 10, further comprising:
providing the adjusted coordinates as an input for aprimary application,
wherein the primary application includes one of an email program, atexting program,

aweb browser, and a gaming application.

18. A computer-readable medium including instructions to be executed by
aprocessor, the instructions including one or more instructions, when executed by the
processor, for causing the processor to:

identify coordinates of aportion of the touchscreen display that receives a

5  touch input;

identify an input instant, wherein the input instant is an instant at which the
touchscreen display receives the touch input;

determine a change of device motion that affects an accuracy of the
coordinates of the touch input based on the input instant;

10 adjust the coordinates based on the determined change of device motion; and
provide the adjusted coordinates as an input for aprimary application, wherein
the primary application includes one of an email program, atexting program, aweb

browser, and agaming application.

19. The computer-readable medium of claim 18, wherein the device
includes one of: acell phone, an electronic notepad, a gaming console, alaptop

computer, apersonal digital assistant, or apersona computer.

20. The computer-readable medium of claim 18, further comprising
instructions for causing the one or more processors to:

associate the adjusted coordinates with a graphical user interface (GUI) object
located at the adjusted coordinates at the input instant.
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