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DETECTION AND USABILITY OF
PERSONAL ELECTRONIC DEVICES FOR FIELD ENGINEERS

CLAIM OF PRIORITY
[0001] This application claims the benefit of priority to U.S. Patent
Application Serial No. 14/670,293, filed on March 26, 20135, which g

incorporated by reference herein i ifs entirety.

TECHNICAL FIELD
[0002] The disclosed embodiments relate generally to the field of clectronic

devices, and n particular to user intertaces for electronic devices.

BACKGROUND
[0003] Computer devices have increasingly become smaller and more
portable as the technology improves. This improvement has led to widespread
adoption of personal computer devices {¢.g., smartphones, tablet computers,
wearable computer devices, and so on). These devices have become increasingly
important to users’ lives.
[0004] Smaller, more portable electronic devices increasingly allow workers
to take their personal electronic devices with them out of the office for use in the
ficld to collect data and wmprove productivity. Unfortunately many of these
devices rely on a touchscreen as the pomary input mechanism, and i many
cases field work 1s accomplished in locations and enviroments that make a
touchscreen difficolt to use. For example, cold environments might necessicate
gloves or mittens, which render touchscreens less effective. As a result, it can be
difficult to use a personal electronic device in many real~world locations and

contexts.

DESCRIPTION OF THE DRAWINGS
[00035] Some embodiments are illustrated by way of example and not
Limitation in the figures of the accompanying drawings, in which:
[0006] FIG. 1 is anetwork diagram depicting a personal ¢lectronic device, 1n
accordance with an example embodiment, that includes various functional

components.
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100071 FIG. 2 is a block diagram illustrating a personal electronic device, in
accordance with an example embodiment.

[0008] F1G. 3 illustrates a block diagram of an input analysis module, in
accordance with an example embodiment.

[0009] FIG. 4 illustrates an exemplary user interface of a personal electronic
device in relative motion input mode, in accordance with an example
cmbodiment.

[0010] FI1G. 5 illustrates an exemplary embodiment of a personal electronic
device in relative motion input mode, in accordance with an example
embodiment.

[0011] FIG. 6 1s a flow diagram ilustrating a method, m accordance with an
example cmbodiment, for improving input detection and usability of personal
electronic devices when touch input is not the optimal mput method.

[0012] FIGS. 7A-7C are flow diagrams tllustrating a method, i accordance
with an example embodiment, for improving mput detection and usability of
personal electronic devices when touch input is not the optimal input method.
[0013] F1G. 8 1s a block diagram illustrating an architecture of software, in
accordance with an example embodiment, which may be mstalled on any one or
more devices.

100141 FIG. 9 is a block diagram illustrating components of a machine, in
accordance with an example embodiment.

[00135] Like reference numerals refer to corresponding parts throughout the

drawings.

DETAILED DESCRIPTION
[0016] The present disclosure describes methods, systems, and computer
program products for improving input detection and usability of personal
clectronic devices when touch input is not the optimal input method. In the
following description, for purposes of explanation, numerous specific details are
set forth to provide a thorough understanding of the various aspects of different
embodiments. It will be evident, however, to ong skilled in the art, that the any
particular embodiment may be practiced without all of the specific details and/or
with varations permutations and combinations of the various features and

elements described herein.
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100171 In some example embodiments, many personal electronic devices
have touchscreens that are used to receive input from a user. For example,
smariphones, tablet computers, and smart watches all use a touchscreen interface
as the primary means for receiving input from a user. However, if the user has
difficulty using a touchsereen to input data, it can be very difficult for the user to
use one of these personal electronic devices effectively. For example, some users
in the ficld wear gloves or have greasy or dirty hands. In other examples, some
users have a disabifity that prevents effective use of a touchscreen.

[0018] In some example embodiments, a personal electronic device can
detect usability problems by the user. For example, if the personal electronic
device detects a very large touch area on a touchscreen {¢.g., the user is wearing
large work gloves, mittens, and so on}, the personal electronie device determines
that the user is having difficolty mputting data on the touchscreen. In ancther
example, if the user frequently has input errors {e.g., frequently has to undo
commands), the personal electronic device also determines that touchscreen
mput is difficult. In response to determining that touchscreen input is difficult
for a user, the personal clectronic device switches 1nto a non-touchscreen mode.
In some example embodiments, the user can directly choose to enter non-
touchscreen mode.

10019] In some example embodiments, non-touchscreen mode includes a
specialized user interface to allow casier use. Thus, in some example
embodiments, in the non-~touchscreen mode, the user interface 1s organized in 1o
a serics of square sections. Navigation between the sections is easier and
controilable through relative motion inputs. In some example embodiments,
relative motion inputs mclude non-touch inputs such as voice input or camera
mput. In other example embodiments, relative motion inputs include moving or
rotatin the device relative to a previons position. In some example embodiments,
relative motion inputs can be input bv any sensor on the personal electronic
device with the exception of the touch screen. In some example embodiments, a
notification is given to the user before switching tnto non-touch mode. In some
example embodiments, the user directly selects switching into non-touch mode.
100201 In some example embodiments, once in non-touch mode, the
personal electronic device receives input from a aser via one or more sensors

associated with the personal electronic device. For example, the personal
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glectronic device can detect movement or rotation of the device through either an
accelerometer or a gyroscope. In other example embodiments, the personal
clectronic device receives input from a user through a microphone {(voice
commands and so on} or a camera (user motion).

[0021] In some example embodiments, the personal electronic device
recetves the input from a user and then compares the received inpot to a plurality
of reference commands. Each respective reference command has one or more
mputs that are associated with the respective reference command. If a match 1s
found, the associated command is executed. I no match 1s found, the personal
clectronic device then atterapts to match the received mput to its closest possible
match in the list of reference commands.

16022] In some example embodiments, the personal electromic device
determines the best match by identifving all the commands that are of the same
type of input {e.g., if the input command involved tilting the device backward,
only commands with associated mput that involve tilting of the device are
compared). Then the personal electronic device determines one conmmand that
best matches the input. For example, the device calculates the difference
between the received input and the reference command nput for cach possible
command and selects the command whose inpuot has the smallest difference from
the received 1nput.

[0023] In some example embodiments, the personal electronic device
exccutes the determined best match command. Once the best match command
has been executed, the personal electronic device determines whether the best
match command was the command the user intended. In some example
embodiments, the personal clectromic device determines whether the best match
command was the user-intended command by momitoring the subsequent user
activity. For example, if the user immediately reverses the action, the best match
command is determuned not to be the user-intended command. However, if the
user does not reverse the command and continues to enter additional input, the
personal electronic device deternunes that the best match command is the user-
mtended command.

[0024] In some example embodiments, in accordance with a determination
that the best match command is the aser-intended command, the personal

clectronic device adds the new input to the input associated with the best match
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command. For example, the personal electronic device detects a tilt of five
degrees. The personal electronic device determines that no current command is
triggered by a tilt of five degrees. It then determines that the “activate currently
selected icon™ action is triggered by a tilt of three degrees and 1s the best maich
for the determined output. The personal electronie device then executes the
“activate currently selected icon” command. The user does not undo the
command and thus the personal electronic device updates the input associated
with the “activate currently selected icon” command to melude any it within a
range of three to five degrees.

[0025] F1G. 1 1s a network diagram depicting a personal electronic device
120, m accordance with an exampie embodiment, that includes various
functional components. In some example embodiments, the personal electronic
device 120 1s part of a client-server system 100 that includes the personal
clectronic device 120 and one or maore third party servers 158, One or more
communications networks 110 interconnect these components. The
communications network 110 may be any of a variety of network types,
mcluding local area networks {LANSs), wide arca networks (WANs), wircless
networks, wired networks, the Internet, personal area networks (PANs), or a
combination of such networks.

10026] In some embodiments, as shown in FIG. 1, the personal electronic
device 120 is gencrally based on a three-ticred architecture, consisting of a front-
end laver, an application logic laver, and a data laver. Ag 1s understood by
skilled artisans in the relevant computer and Intemet-related arts, each module or
engine shown in FIG. 1 represents a set of exccutable software nstructions and
the corresponding hardware (e.g., memory and processor) for executing the
mstructions. To avoid unnecessary detail, various functional modules and
engines that are not germane to conveying an understanding of the various
cmbodiments have been omutted tfrom FIG. 1. However, a skilled artisan will
readily recognize that various additional functional modules and engines may be
used with a personal electronic device 120, such as that lustrated i FIG. 1, to
facilitate additional functionality that is not specifically described herein.
Furthermore, the various functional modules and engines depicted im FIG. 1 may
reside on a single server computer, or may be distributed across several server

computers in various arrangements. Moreover, although the personal elecironic
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device 120 is depicted i FIG. 1 as having a three-tiered architecture, the various
embodiments are by no means limited to this architecture.

{00271 As shown in FIG. 1, the front-end layver consists of user interface
modulefs) 122, which receives mput from a user through one or more mput
systems {¢.g., microphone, motion sensors, camera, and so on}, and presents the
appropriate responses on one or more output systems {¢.g., display, speakers,
and so on}.

100281 As shown 1n FIG. 1, the data layer includes ong or more databases,
including databases for stoning data for users of the personal electronic device
120, including user profile data 130 and command data 132 (¢ g., data listing the
input associated with ong or more commands available through the personal
clectronic device 120},

100291 In some embodiments, the user profile data 130 mcludes data
associated with the user, mcluding but not imited to user name, user age, uscr
tocation, user activity data (e.g.. applications and commands used by the user),
user schedule data (¢ g., data abouot when the user 1s working and when the user
18 likely to be unable to use a touchscreen), and other data related to and
obtained from the user.

10036 The command data 132 includes data that maps certain types of non-
touch based input to one or more commands provided by the personal electronic
device 120. Each command has a list of inputs that will trigger it. For example,
the command data 132 i3 a table and includes an entry for a scroll up command.
The associated input is an accelerometer detecting sudden upward acceleration
of the personal electronic device 120 in the range of 0.5-1.0 inches per second.
Another example command in the command data 132 is page up, which s
associated with a detected upward acceleration of m the range of two to three
inches per second. Thus, the personal electronic device 120 will match received
input against the stored command data 132 and execute one of the two different
actions.

100311 The personal electronic device 120 provides a broad range of other
applications and services that allow users the opportunity to share and receive
mformation, often custonized to the interests of the users.

[0032] In some embodiments, the application logic laver inchudes various

application server modules, which, in conjunction with the user interface
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moduled(s} 122, generate various user interfaces to receive mput from and debiver
cutput to a user. In some embodiments, individual apphication modules are used
to implement the functionality associated with various applications, services, and
features of the personal electronic device 120, For instance, a messaging
application, such as an email application, an mstant messaging application, or
some hvbrid or varation of the two, may be mmplemented with ong or more
application modules. Similarly, a web browser cnabling members to view web
pages may be embodied with one or more apphication modules. Of course, other
applications or services that utilize a detection module 124 and an input analysis
module 126 may be scparately embodied in thewr own application modules.
0033 In addition to the various application server modules, the application
logic laver includes a detection module 124 and an input analysis module 126.
As dhustrated 1n FIG. 1, in some embodiments, the detection module 124 and the
input analysis module 126 arc embodied as modules that operate in conjunction
with various application modules. For imstance, any number of individual
application modules can invoke the functionality of the detection module 124
and the input analysis module 126 fo recetve user input and analyze it However,
in various alternative embodiments, the detection module 124 and the mput
analysis module 126 may be embodied as their own application modules such
that they operate as a stand-alone application.

[0034] Generally, the detection module 124 detects that a user 15 not able to
efficiently use the touchscreen to mput user commands. In some example
embodiments, thig is based on the size of the user’s contact with a touchscreen
{e.g.. very large contact spaces may indicate that the user 1s wearing gloves or
mittens}, trouble detecting user input {¢.g., based on dirt or oil on the user’s
hands), user disability {¢.g., unable to hold hands still), or direct user instruction
{c.g., the user selects an option indicating that using the touchscreen is currently
difficult}. In accordance with a determination that the user is not able to
efficiently use the touchscreen, the personal electronic device 120 changesto a
non-touch mode. In some example embodiments, the personal electronic device
120 was originally in a touch mode or normal operation mode.

[0035] In some example embodiments, the detection module 124 switches

the personal electronic device 120 into non-touch mode by changing the
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displayed user interface into a user mterface that is organized into a series of
square sectiong, for casy navigation,

[0036] The mput analysis module 126 stores a list of possible commands
that the personal electromic device 120 1s able to execute. Each possible
command also includes a list of one or more user inputs that are associated with
the possible command and will result in command execotion.

100371 In some exaraple embodiments, the input analysis modulc 126
receives input data from the detection module 124 In some example
embodiments, the input data includes more than one component. The input
analysis module 126 compares the input data against the one or more stored
commands.

[00338] In some example embodiments, the input analvsis module 126 finds
an exact match {¢.g., a command that lists toput that is a direct match for the
received input). For example, an input is roceived that is a movement ot the
personal electronic device 120 accerlating upward in three inches per second.
The mput analyvsis module 126 determines if any of the listed commands include
raising the personal electronic device 120 m three inches per second as the mput
associated with the command.

[0039] In some example embodiments, in accordance with a determination
that the received mput matches the mput for a command stored in the hist of
commands, the input analysis module 126 causes the matching command to be
executed. In accordance with a determination that the received mput does not
match any stored command, the input analysis modale 126 determines the
closest matching command. In some example embodiments, the closest maich is
determined based on a fuzzy matching algorithm. For example, the mput
analysis module 126 can determine one or more commands with inputs that are
of the same type as the received user toput. Thus, 1f the received user toput
mvolves rotating the personal clectronic device 120, the input analysis module
126 will identify one or more command with associated mputs that involve
rotation of the personal electromic device 120.

00401 In some example embodiments, the input analysis module 126 can
determine the closeness of the stored associated input to the received user mput.
For example, if the received user input is a rotation of the personal electronic

device 120 back fifieen degrees, then a command with an associated input range
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of rotation back five to ten degrees would be a closer match than a command
with an associated input range of rotation forward five to ten degrees.

[0041] In some example embodiments, once the best maiching command is
identified, the input analysis module 126 causes the personal electronic device
120 to execute the best matching command. In some example embodiments, the
input analysis module 126 monitors user response to the executed best matching
command to determine if the user accopts the command {(¢.g., continues 1o use
the device without reversing the command} or immediately reverses it (e.g., an
immediate reversal would mdicate that the user did not wish the best matching
command to be executed).

[0042] In some example embodiments, in accordance with a determination
that the user accepts the best matching command, the mput data associated with
the best matching command s updated to extend its acceptable range to include
the received user input.

[0043] In some example embodiments, the user can manually update the hist
of commands stored at the personal electrontc device 120 or an input assocated
with an alrcadv stored conunand. In some example embodiments, the user enters
a command editing mode (e.g., by selecting an option available through the user
mterface), selects a specific command, and then enters new or updated
associated input data for the selected command (either through selecting input on
a list of mputs or by actually causing the associated input}). The list of conunands
is then updated on the personal clectronic device 120 and stored.

00441 In some example embodiments, a third party server 150 stores user
data 152, This user data 132 can incorporate any mformation about the user,
mcluding, but not hmited to, user preferences, user history, user location, user
demographic information, and command imput data for the user. In some
example embodiments, the user can switch from one personal electronic device
120 to a different computer device and import all the relevant user profile data
from the user data 152 stored at the third party server 150, In this way, the user’s
command data will be available at the new device automatically.

00457 FIG. 2 is a block diagram illustrating the personal ¢lectronic device
120, n accordance with an example embodiment. The personal electronic device
120 typically includes one or more processing units (CPUs) 202, one or more

network interfaces 210, a memory 212, and one or more communication buses
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214 for interconnecting these components. The personal electronic deviee 120
includes a user interface 204, The user interface 204 ncludes a display 206 and
optionally includes an input 208, such as a kevhoard, mouse, touch-sensitive
display, movement sensors {¢.£., accelerometer or gyroscope), camera, or other
mput means. Furthermore, some personal clectronic devices 120 use a
microphone and voice recogaition to supplement or replace the keyboard.

[0046] Memory 212 includes high-speed random-access memory, such as
dvnamic random-access memory (DRAM), static random-access memory
{SRAM]), double data rate random-access memory (BDR RAM), or other
random-access sohid-statc memory devices, and may include non-volatile
memory, such as one or more magnetic disk storage devices, optical disk storage
devices, flash memory devices, or other non-volatile solid-state storage devices.
Memory 212 may optionally include one or more storage devices remotely
located from the CPU{s) 202. Momory 212, or alternatelv, the non-volatile
memory device(s) within memory 212, comprise(s) a non-transitory computer
readable storage medium.

{00471 In some embodiments, memory 212 or the computer readable storage
medium of memory 212 stores the following programs, modules, and data
struchures, of a subgeet thereof

e an operating svstem 216 that includes procedures for handling
various basic system services and for performing hardware
dependent tasks;

e anetwork communication module 218 that 1s used for connecting
the personal electronic device 120 1o other computers via the one
or more network mterfaces 210 (wired or wirgless) and one or
more communication networks, such as the Intemet, other wide
arca networks, local arca networks, metropolitan arca networks,
ete.;

s adisplay module 220 for enabling the information generated by
the operating systerm 216 and application module(s} 222 to be
presented visually on the display 206;

s one or more application module 222 for handling vanous aspects
of providing the services associated with the personal electronic

device 120, including but not limited to:

10
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o an input analysis module 126 for receiving input
components and determining whether the mput
corponents match any of the input components
associated with commands in the hist of commands stored
mn the command data 132;

o a detection module 124 for detecting, based on received
mput, that a user is not able to efficiently usc the
touchscreen to input user commands, and wherein this
detection is based on detecting one or morg input
anomalies 1 the received user input, including but not
timited to: size of input contact, steadiness of mput
contact, strength of mput contact {¢.g., whether mput s
being disrupted by dirt and/or oil on the user’s hands);

o a storage module 226 for storing and managing a hist of
commands and the associated input data m the command
data 132;

o a presentation module 224 for causing a user interface to
be presented on a screen associated with the personal
electronic device 120 and updating the user interface
based on the operating mode of the personal electronic
device 120;

o a mode change module 228 for changing the operating
mode of the personal electronic device 120 from touch
input mode to relative motion input mode or from relative
motion mput mode to touch nput mode;

o a reception module 230 for receiving user put from a
sensor associated with the personal electronic device 120;

o an execution module 232 for causing a selected command
to be executed on the personal electronic device 120;

o an update module 234 for updating command data stored
for one or more commands;

o an anomaly detection module 236 for detecting anomalies

the size of the contact, steadiness of the

i user input {e.g.

=

contact, and so on}; and

I
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s data module(s) 240, for storing data relevant to the personal
clectronic device 120, including but not linited to;
o wuser profile data 130 for storing profile data related to a
user of the personal electronic devics 120;
o command data 132, inclading data related to commands
that can be executed by the personal electronic device 120
and one or more associated inputs {or range of inputs) that
will result in the command being executed; and
o command use history data 246 including a list of all used
commands and the number of instances that each
command is used.
[0048] F1G. 3 illustrates a block diagram of the input analysis module 126,
i accordance with an example embodiment. According to one embodiment, one
or more sensors 302 of the personal electronic device 120 detect mput from a
aser. The sensors 302 transfer the detected input to the input library engine 304,
The mput library engine 304 reccives the input data from the one or more
sensors 302 and converts the data into input data that can be used by the input
analvsis module 126. For example, the data received from the sensors 302 18
raw data from the sensors 302 and is converted into a form useful to the rest of
the mput analysis module 126.
00491 In some example embodiments, once the data has been converted nto
aseful input data from by the input Library engine 304, the mput data is then
transferred to the input matching module 306. The input matching moduie 306
uses the received input data to build an mput model 308 of the input. Once the
mput model 308 has been built, the mput matching module 306 uses the stored
command data 132 to find a command with associated inputs that match the
received input data.
[0050] In some example embodiments, the input matching module 306 finds
an exact match in the input data stored n the command data 132, For example,
the received inpwt is a ten degree tilt to the left: the input analvsis module 126
determines that a first command stored in the command data 132 defines
associated mput as any left tilt within the range of five degrees to twelve

degrees. In this case the input analysis module 126 determines that the received
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mput matches the range of input associated with the first command and transmits
the first command to the event emitter 310.

[0051] In some example embodiments, the event emitter 310 transmits the
selected command to the user interface {or system that controls the user
mterface) where the command is executed.

100521 In some example embodiments, the input matching module 306 does
not find an exact match. Continuing the above example, if the received input was
aleft tilt of thirty degrees, 1t would no longer match the input range (five degrees
to twelve degrees } associated with the first command. The input matching
module 306 would then need o use the mput model 308 that was constructed to
find a closest matching command. In some example embodiments, the input
matching module 306 determines the best matching command by using fuzzy
matching algornthms.

[0053] In some example embodiments, the input maiching module 306
would determine a command match score for each potential matching command.
The command with the highest potential matching score would then be selected
as the best matching conumand and selected for execution. In somce example
embodiments, command match scores are selected based on whether the mputs
are of the same type. For example, a command with an associated input based on
leftward tilting of the personal electronic device {¢.g., the personal electronic
device 120 of FIG. 1) would be a better match, and thus have a higher matching
score, with received 1nput data indicating a left tilt than with a command with
assoctated tnput that includes microphone detection of sound.

[0034] In some example embodiments, the command match seore is based
on the dircction of mput. For example, if the received input data is movement of
the personal electronic device 120 up three inches, then a command with a
reference input upward will have a higher score than a command with reference
mput downward. Similarty, the command match score 15 based on the degree.
Thus, a command with reference input data that is a five-degree tilt leftward will
have a high match score based on input that is a ten-degree tilt lefiward than a
command with reference input data that is thirty degrees leftward.

[0055] In some example embodiments, the learming module 314 receives

mput data form the mput library engine 304 that represents new input to be
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assoctated with a new command i the command data 132 or updated mput data
for an existing command.

00361 FI1G. 4 illustrates an exemplary user interface of a personal electronic
device (e.g., personal electronic device 120 of FIG. 1) i relative motion input
mode, 1n accordance with an example embodiment. As can be seen, the user
interface 400 shown in FIG. 4 has been formatted to be very simple. Al the user
mterface clements have been standardized into zones that are simple rectangles
and all the zones have been arranged in basic rows and columns. Thas, a hmted
number of commands can be used to casily and quickly navigate through the
user interface 400

[0057] In some example embodiments, the interface 400 mcludes a home
button 402, two option buttons {404 and 406), four title buttons (408, 410, 412,
and 414), three menu buttons (416, 418, and 420), and six content boxes {422,
424, 426, 428, 430, and 432). These components are arranged into five columns
and at least five rows. In some example embodiments, information about the
components in the user interface 400 can be stored i a simple data stracture. For
example:

var matrix = |

[‘home’, null, null, “option 17, “option 27},
fnull, “itie 17, “utle 27, tile 37, “title 471,
‘menu 17, "box 17, “box 17, *box 27, “hox 271,
[fmemu 27, ‘box 17, ‘box 17, ‘box 27, “box 27},
[‘mena 37, ‘box 17, ‘box 17, ‘box 27, ‘box 274,
Faull’, "box 37, ‘box 37, “box 47, ‘box 471,
['null’, "box 57, box 37, ‘box &6, “box 67}

]

100381 Using this simple data struture, the user interface 400 is relatively
siraple to navigate with a hmited number of possible user mmputs. In some
example cmbodiments, other data structures or storage structures are used to
casily navigate the user mterface 400,

[0059] FIG. 5 illustrates an exemplary embodiment of a personal clectronic
device 500 in relative motion input mode, i accordance with an example
embodiment. As can be seen, the particular personal electronic device 500
includes a display 302 {¢.g., a touchscreen display). However, because the
personal electronic device 300 15 in relative motion input mode, the displayed
user mterface includes a senes of components (e.g., tcons, buttons, data, and so

onj} as rectangles in a pattern of rows and cohumns. Currently component 506 has
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been selected and the user interface reflects the selected component 306 by
giving the selected component 506 a distinct visual appearance {represented in
the figure by ditferent shading).

[0060] In some example embodiments, the personal electronic device 500 in
relative motion input mode allows mput from one or more different motions. For
example, the user can roll 510 the personal electronic device 500 along the v-
axis of the personal electronic deviee 500. Another example nput is to pitch 512
the personal electronic device 500 arcund the x-axis. The personal electronic
device 500 can also detect tapping (¢.g., or other sudden movement or
accelaration) 514 of the personal electronic device 500 or shaking 516 of the
device 500. Each of these potential mmputs can be mapped by the personal
clectronic device 500 to specific commands. When one of these mputs is
detected, the personal elecironic device 500 can then execute the associated
command.

[0061] FIG. 619 a flow diagram itlustrating a method 600, in accordance
with an example embodiment, for improving mput detection and usability of
personal cloctronic devices when touch tnput s not the optunal jnput method.
Each of the operations shown in FIG. 6 may correspond to instructions stored in
a computer memory or computer-readable storage medium. In some
embodiments, the method 600 deseribed in FIG. 6 is performed by the personal
clectronic device {e.g., personal electronic device 120 m FIG. 1).

00621 In some embodiments, the method 600 1s performed at a personal
glectronic device {e.g., personal electronic devige 120 m FIG. 1) inchuding one
OF OIS Processors and memory storing one or more programs for execution by
the one or more processors.

10063] In some example embodiments, the personal electronic device {e.g.,
personal electronic device 120 in FHG. 1) is initially in a touch input mode. In
some example embodiments, touch input mode is the standard mode fora
personal electromie device that mcludes a touchscreen and means that the
primary way of interacting with the device would be through touch nput
received through the touchscreen {other input means may still be available}.
10064] In some example embodiments, while in touch input mode, the
personal electronic device (¢.g., personal electronic device 120 in FIG. 1)

displays (602} a user interface to a user. While the device is in touch mput mode,
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each application displays its standard or preferred user interface. While
displayving the user interface, the personal electronic device receives (604) user
mput. fn some example embodiments, user input includes touch mput on a touch
screen {¢.g., finger contacts that tap, swipe, and so on.)

10065] In some example embodiments, the personal electronic device {e.g.,
personal electronic device 120 i FIG. 1) detects (606) anomalies in received
input (touch input). Examples of anomalics inchude larger than normal contact
size {€.g., the user is weanng gloves or mittens}, unsteady contact (¢.g., the user
has difficolty holding hands or fingers steady), frequent input error {e.g., the user
routinely has to undo conumands and give the same or similar input again
seeking a different command), weakly detected input (fingers or screen that is
dirty or otherwise compromised), and 50 on.

10066] In some example embodiments, in response to detecting tnput
anomalies, the personal clectronic device (¢.g., personal electronic device 120 in
FIG. 1) changes (608) the operating mode from touch input mode {¢.g., the mode
where input primarily comes from a touch screen) to the relative motion mput
mode {¢.g., the operating mode where input primarily comes from non-touch
based systerns.}  In some example embodiments, the personal electronic device
{¢.g., personal electronic device 120 in FIG. 1) causes a notification to be
displaved indicating the changes. In other example embodiments, the personal
clectronic device queries the user {e.g., through an onscreen prompt) whether the
user accepts the operating mode switch. If the user rejects the switch, no change
ts made.

(00671 In some example embodiments, the personal electronic device {e.g.,
personal electronic device 120 i FIG. 1) then updates (608) the user mierface to
a user mterface type configured to be easily used in the relative motion input
mode. For example, the clements of the user interface are resized and rearranged
o a grid arrangement and changed in shape to be rectangular. In this way, the
user mierface can be navigated more easily with relatively few commands.
00681 In some example embodiments, the personal electronic device (e.g.,
personal electronic device 120 in FIG. 1) then receives (610) relative motion
IMput via one or More sensors {6.g., gyroscope, accelerometer, microphone,
camera) associated with the personal electronic device . The personal clectronic

device analvzes the received relative motion input to determine (612} whether
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the recetved input matches the input associated with a respective command in a
stored list of commands. For example, the personal electronic device (e.g.,
personal eloctronic device 120 i FIG. 1) stores a list of all commands it
currently can react to and also stores the specific mnput that will cause each
command to execuic.

[0069] In accordance with a determination that the received relative motion
input matches input associated with a respective stored comamand, the personal
glectronic device {e.g., personal electronic device 120 m FIG. 1) executes (614)
the respective stored command.

100701 F1G. 7A 15 a flow diagram illustrating a method, in accordance with
an example embodiment, for improving mput detection and usability of personal
clectronic devices when touch input is not the optimal mput method. Each of the
operations shown in FEG. 7A may correspond to instructions stored in a
compuier memory or computer-readable storage medium. Optional operations
are indicated by dashed Iines (¢.g., boxes with dashed-line borders). In some
embodiments, the method described in FIG. 7A 15 performed by the personal
clectronic device {e.g., personal electronic device 120 in FIG. 1), However, the
method described can also be performed by any other suitable configuration of
clectronic hardware.

10071] In some embodiments, the method is performed at a personal
clectronic device {¢.g., personal electronic device 120 i FIG. 1) including one
ot more processors and memory storing ong or more programs for execution by
the one or Mmore Processors.

100724 In some example embodiments, while the personal electronic device
{c.g., personal electronic device 120 in FIG. 1} is operating (702} n a touch
input mode, the personal electronic device recetves (704) user mput through a
touchscreen associated with the personal electronic device. For example, the user
taps or swipes on a touchscreen of the device.

100731 In some example embodiments, while analyvzing the received input,
the personal electronic device (e.g., personal electronic device 120 in FIG. 1)
detects (706) one or morg touch input anomalies 1n the received user input. As
noted above, examples of anomalies include larger than normal contact size
{c.g., the user is wearing gloves or mittens}, unsteady contact {¢.g., the user has

difficulty holding hands or fingers steady), frequent input error (2.2, the user

s
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routinely has to undo commands and give the same or sinular input again
seeking a different command), weakly detected 1nput (fingers or screen that is
dirty or otherwise compromised}, and so on. Thus, an anomaly is detected when
the user is having difficulty entering mput nto the personal electronic device
{¢.g., personal electronic device 120 1n FIG. 1) via a touchscreen interface.
10074] In some example embodiments, the personal electronic device (e.g.,
personal electronic device 120 in FIG. 1), in response to detecting (708) onc or
more touch anomalies o the received user input, displays (710} {or causes to be
displayed) an operating mode change notification on a display associated with
the personal electronic device. For example, the screen of a tablet computer
displays a pop-up window notifying a user that the operating mode of the tablet
15 going to change from mput touch mode to non-input touch mode. In other
example embodiments, the user interface displays a message in the message
status bar because a pop-up window can interrupt a user’s work flow, which is
generally undesirable.

[0075] In other example embodiments, m response to detecting

{708) onc or more touch anomalies in the received user input, the personal
electrome device {e.g., personal electronic device 120 m FIG. 1) displays (712} a
prompt message on a display associated with the personal electronic deviee,
wherein the prompt message sugpests a change of operating mode. For example,
the personal electronic device {(e.g., personal clectronic device 120 in FIG. 1)
causes a popup to be displaved with the guestion “Would vou Iike to switch into
non-touch mode?” and mcludes ves and no buttons as well as directions for
accepting or rejecting using relative motion mput {e.g., tilt right for yes and tilt
left for no}. Thus, the user is able to determine whether to enter the relative
motion input mode.

10076] In other oxample embodiments, a status bar can mnform the user how
to enter the relative input mode without displaying a prompt or other pop up. For
example, the personal electromic device {e.g., personal electronic device 120 in
Figure 1) detocts that the relative input mode 1s potentially needed and causes
the status bar to display “Tiit left once and back twice to enter a non-touch
mode.” The user can then follow the directions if the user wishes to enter the

relative input mode.
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100771 In some example embodiments, the personal electronic device (e.g.,
personal electronic device 120 in FIG. 1) receives (714) input indicating user
acceptance of the change of operating mode. For example, the user selects the
“yes” button by tapping it or by tilting the device to the right. In other example
embodiments, directions to enter the relative input mode are displayed on the
statos bar and the personal electronic device {e.g., personal electronic device 120
in Figure 1) detects input matching the directions displaved on the status bar and
in response determines that the user accepts changing the operating mode.
100781 In some example embodiments, in responsg to receiving input
mdicating user acceptance of the change of operating mode, the personal
electromic device {e.g., personal electronic device 120 m FIG. 1) changes (716)
the operating mode of the personal electronic device from a touch mput mode to
a relative motion input mode. For example, the user input indicating user
acceptance mcludes the user following a set of directions displaved to allow the
user to indicate acceptance. In other example embodiments, the personal
electronic device {e.g., personal electronic device 120 i FIG. 1} changes the
operating mode automatically, without waiting for user approval, as soon as
mput iregunlarities or anomalies occur.

10079 In some example embodiments, in response changing the operating
mode of the personal electronic device from a touch nput mode 1o a relative
maotion input mode, the personal electronic device (e.g., personal electronic
device 120 1 FIG. 1) updates {(718) the dispiayed user mierface to a relative
motion input based user interface. The relative motion input based user interface
1s arranged in a direct stiaple format {¢.g., interface components are made wmto
rectagular boxes arranged m columms and rows) to facilitate case of navigation
throughout the user interface.

[0080] FIG. 7B is a flow diagram illustrating a method for improving input
detection and usability of personal clectronic devices when touch input is not the
optimal input method, 1 accordance with some embodimentations. Each of the
operations shown in FIG. 7B may correspond to instructions stored in a
computer memory or computer-readable storage mediom. Optional operations
are mdicated by dashed lines {¢.g., boxes with dashed-line borders}. In some
embodimentations, the method described in FIG. 7B 1s performed by the

personal electronic device (¢.g., personal electronic device 120 in FIG. 1),
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However, the method descenibed can also be performed by any other suitable
configuration of electronic hardware.

[0081] In some cmbodimentations the method 1s performed at a personal
clectronic device (e.g., personal electromic device 120 n FIG. 1) mncluding one
or more processors and memory storing one or more programs for execution by
the OnC OF MOTS Processors.

[0082] In some example embodiments, the personal electronic device (e.g.,
personal electronic device 120 in FIG. 1) stores (720} a list of commands in
memory associated with the personal electronic device, wherein each stored
command includes a function executable by the personal electronic device and
associated input that canses the command to be executed. For example, the
personal electronic device (¢.g., personal electronic device 120 in FIG. 1)
includes a table in memory. Each entry in the table represents 3 command that is
available to a user {e.z., move up in the user interface, move down, select an
ttem, go back, undo, copy, paste, and so on).

[0083] In some example embodiments, the personal electronic device (e.g.,
personal eloctronic device 120 i FIG. 1) presents (722), on a display associated
with the personal electronic device, a user interface in a relative motion mput
mode, wherein the user interface in a non-touch mode s divided into a plurality
of user mterface zones. In some example embodiments, the display associated
with the personal clectronic device is a touchscreen. For example, the user
mterface displays a series of interface components in specific user interface
zones that are represented by regular rectanguiar shapes arranged in rows and
columans for gasy navigation.

[0084] In some example embodiments, the user interface used when the
personal electronic device (e.g., personal electronic device 120 1n FIG. 1)
relative motion input operating mode is predetermined {(e.g., the creator of an
app designates a user interface for non-touch operating mode). In other example
embodiments, the personal electronic device {e.g., personal clectronic device
120 1n FIG. 1) automatically generates a aser interface for use in relative motion
1nput operating mode.

[0085] For example, the personal electronic device {e.g., personal electronic
device 120 1n FIG. 1) analyzes the standard {(fouch mput mode) user interface to

wdentify one or more user interface elements (e.g., buttons, inputs, icons, images,
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and so on}. In some example embodiments, the personal electronic device {e.g.,
personal electronic device 120 in FEG. 1) assigns cach identifeid element &
regularly sized rectange and places it i a grid of rows and columns. The user
mterface 1s displayed with all the interface elements in the gnd.

10086] In some example embodiments, the personal electronic device {e.g.,
personal electronic device 120 i FIG. 1) receives (724) relative motion mput,
wheren relative motion mput is recetved through one or more non-touch sensors
of the personal clectronic device. In some example embodiments, the non-touch
sensors of the personal electronic device include one or more of a gyroscope, an
accelerometer, a microphone, and a camera. In some example embodiments, the
received input includes one of detected shaking of the personal electronic device
{c.g., personal electronic device 120 in FIG. 1), raising or lowering the personal
clectronic device {e.g., personal electronic device 120 1 FIG. 1), tilting the
device on any of the three dimensional axis, voice commands, visual cues, and
80 ON.

100871 In some example embodiments, the personal electronic device (e.g.,
personal eloctronic device 120 i FIG. 1) determines (726) whether the received
relative motion input matches input associated with a respective command 1n the
st of reference commands. To accomplish this, the personal electronic device
{c.g., personal electronic device 120 1 FIG. 1) converts sensor data into discrete
mput data. Input data describes the type of mput (e.g., motion, sound, and so on)
and the degree (e.g., five degrees, shaking for five seconds, certain volume
fevels or sounds, and so on).

008381 In some example embodiments, the personal electronic device {e.g.,
personal electronic device 120 i FIG. 1) then compares the discrete input data
to the input data stored in the list of stored commands. If the discrete mput data
matches mput data stored in the hist of stored commands, the personal electronic
device {¢.g.. personal clectronic device 120 FIG. 1) determines that the
received relative motion input matches input associated with a respective
command in the list of reference commands.

00891 In some example embodiments, in accordance with a determination
that the received relative motion mput matches input associated with a respective
command in the list of reference conmmands, the personal electronic device (e.g.,

personal electronic device 120 i FIG. 1) excoutes (728) the respective
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command. For example, if the relative motion mput matches input associated
with the “paste” command, the personal electronic device {e.g., personal
clectronic device 120 in FIG. 1) then pastes the appropriate content,

100901 In some example embodiments, betore receiving relative motion
mput, a first user interface zone of the plurality of user interface zones is visually
distinguished as selected, and wherein executing the respecitve command
comprises, the personal eloctronic device (¢.g., personal electronic device 120 in
Figure 1} changing the visually distingaished interface zone from the first user
interface zone to a second user interface zone based on the respective command,
(0091 In some example embodiments, relative motion input represents a
change in the personal clectronic devices position or rotation. In other example
embodiments, relative motion input represents motion of a user relative to the
personal electionic device.

[0097] FIG. 7C 15 a flow diagram illustrating a method for for improving
mput detection and usability of personal electronic devices when touch input s
not the optimal input method, in accordance with some embodimentations. Each
of the operations shown in FIG. 7C may correspond to instructions stored in a
computer memory or computer-readable storage medinm. Optional operations
arg indicated by dashed lines {e.g., boxes with dashed-line borders}. In some
embodimentations, the method described in FIG. 7( is performed by the
personal electronic device {e.g., personal clectronic device 12010 FIG. 1),
However, the method described can also be performed by any other suitable
configuration of electronic hardware.

00931 In some embodimentations the method is performed at a personal
electromc device {e.g., personal electronic device 120 m FIG. 1) including one
or more processors and memory storing one or more programs for execution by
the OnC OF MOTS Processors.

[0094] In some example embodiments, in accordance with a determination
that the received non-touch user input does not match {730} the stored associated
mput with a respective command in the list of reference commands, the personal
clectronic device (e.g., personal electronic device 120 m FIG. 1) determines
{732} a closest matching command. A closest matching command is determined
by generating a match score for one or more commands. In some example

embodiments, a match score for a respective command is generated by



WO 2016/154590 PCT/US2016/024331

comparing the received input with the mput associated with the resepective
command to determine the type of input, the direction of the input, the timing of
the nput, and the degree of the input. The command with the highest matehing
score 1s then selcected as the closest matching command.

[0095] In some example embodiments, the personal electronic device (e.g.,
personal electronic device 120 i FIG. 1) then exccutes (734) the closest
matching command.

[0096] In some example embodiments, after executing the personal
slectronis device {e.g., personal electronic device 120 i FIG. 1) monitors {(736)
future user mputs to determine whether an undo command was received. For
example, once a closest matching command is executed, the personal electronic
device (e.g., personal electrontc device 120 1n FIG. 1) needs to determine
whether the matching command was, in fact, the intended command. If an vads
command is detected immediately, the personal electronic device {e.g., personal
electronic device 120 in FIG. 1) determines that the closest matching command
was not the intended command. Unee a predetermined amount of time passes
{c.g., thirty seconds) or other commands are received, the personal clectronic
device (e.g., personal electronic device 120 in FIG. 1) determines that the closest
matching conmand was the intended command.

100971 In some example embodiments, in accordance with a determination
that no undo command was received, the personal clectronic device {e.g.,
personal electronic device 120 m FIG. 1) updates (738) the input data associated
with the closest matching command to mchude the received user input. For
example, if the received input was a five degree tift to the loft of the personal
electronic device (e.g., personal electronic device 120 mn FIG. 1) and the closest
matching command has associated inpot of a ten degree tilt to the left of the
personal electronic device (¢.g., personal electronic device 120 in FIG. 1), the
mput for the closest matching conunand is updated to nchide the range five
degrees to ten degrees tilt to the left. Thus, the input for a command is updated to
adapt to a user’s particular perferences without the user’s explicit command.
[0098] In some example embodiments, input data associated with a stored
command includes a range of possible inputs. For example, an input for the “up”

command is a movement of the devee upwards a distance in the range of one
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inch to three inches. Thus, any mput in that range will trigger the “up”
command.

(00991 In some example embodiments, updating the input data associated
with the closest match command to include the received user input data
comprises extending the range of possible inputs to cover the received user

mput.

SOFTWARE ARCHITECTURE
100100]  FIG. 8 is a block diagram illustrating an architectare of software 800,
1 accordance with an cxample crabodiment, which may be installed on any one
or more ot the devices of FIG. 1 (e.g., the personal electronic device 120). FIG.
8 is merely a non-limiting example of a software architecture and it will be
appreciated that many other architectures may be embodied to facilitate the
functionality described herein. The software 800 may be executing on hardware
such as a machine 200 of FIG. 9 that includes processors 910, memory 930, and
VO components 950. In the example architecture of FIG. §, the software 800
may be conceptualized as a stack of layers where each laver may provide
particular functionality. For exampie, the software 800 may mclude layers such
as an operating system 802, libraries 804, frameworks 806, and applications 808,
Operationally, the applications 808 may mvoke application programiming
interface (AP calls 810 through the software stack and reccive messages 812 in
response to the API calls 810.
[00101]  The operating system 802 may manage hardware resources and
provide common services. The operating system 802 may inchude, for example,
a kernel 820, services 822, and drivers 824, The kernel 820 may act as an
abstraction layer between the hardware and the other software lavers. For
example, the kernel 820 may be respousible for memory management, processor
management {e.g., scheduling), component management, networking, security
setiings, and so on. The services 822 may provide other common services for the
other software layers. The drivers 824 may be responsible for controlling and/or
mterfacing with the underlying bardware. For instance, the drivers 824 may
mclude display drivers, camera drivers, Bluctooth® drivers, flash memory
drivers, serial communication drivers (¢.g., Universal Serial Bus (USB) drivers),

Wi-Fi® drivers, audio drivers, power management drivers, and so forth.
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[001062]  The libraries 804 may provide a low-level common nfrastractare that
may be utilized by the applications 808, The hibraries 804 may inchide system
libraries (e.g., C standard library) 830 that may provide functions such as
memory allocation functions, string manipulation functions, mathematic
functions, and the like. In addition, the hibrarics 804 may include API libraries
832 such as media hibraries {¢ g, libraries to sopport presentation and
manipulation of various media formats, such as MPEG4, H 264, MP3, AAC,
AMR JPG, or PNG), graphics ibraries €e.2., an OpenGL framework that may
be used to render 2D and 3D in a graphic content on a display), database
librarics {e.g., SQLite that may provide various relational database functions),
web hibranes (e.g., WebKit that may provide web browsing functionality), and
the like. The libraries 804 may also include a wide varnety of other libraries 834
to provide many other APls to the applications 808.

1001031 The frameworks 806 may provide a high-level common mfrastructure
that may be utilized by the applications 808, For example, the trameworks 806
may provide various graphic user interface (GUI} functions, high-level resource
management, high-level location services, and so forth. The frameworks 806
may provide a broad spectrum of other APIs that may be vtilized by the
applications 808, some of which may be specific to a particular operating system
or platform.

[00104] 'The applications 808 include a home application 850, a contacts
application 852, a browser application 854, a book reader application 8536, a
location application 858, a media application 860, a messaging application 862,
a game application 864, and a broad assortment of other applications, such as a
third party application 866. In a specific example, the third party application 866
{¢.g., an application developed using the Androwd™ or 108™ software
development kit (SDK by an entity other than the vendor of the particular
platform) may be mobile software running on a mobile operating system such as
105™ Androwd™, Windows® Phone, or other mobile operating systems. In this
example, the third party application 866 may invoke the AP calls 810 provided

by the operating system 802 to facilitaie functionality described herein,
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EXAMPLE MACHINE ARCHITECTURE AND
MACHINE-READABLE MEDIUM

1001051 FIG. 915 a block diagram illustrating components of a machine 900,
according to some example embodiments, able to read mstructions from a
machine-readable medium (e.g., a machine-readable storage mednum) and
perform any one or more of the methodologies discussed herein. Specifically,
FIG. 9 shows a diagraromatic represerdation of the machine 900 in the example
form of a computer system, within which instructions 925 {(e.g., software, a
program, an application, an applet, an app, or other executable code) for causing
the machine 900 to perform any one or more of the methodologies discussed
herein may be executed. In alternative embodiments, the machine 900 operates
as a stand-alone device or may be coupled (e.g., networked) to other machines.
In a3 networked deplovment, the machine 900 may operate in the capacity of a
scrver machine or a client machine 1o a server-chient network covironment, or as
a peer machine m a peer-to-peer {(or distnbuted) network environment. The
machine 900 may comprise, but not be himited to, a server computer, a client
computer, a personal computer (PC), a tablet computer, a laptop computer, a
netbook, a set-top box (STB), a personal digital assistant (PDA), an
entertainment media system, a cellular telephone, a smart phone, a mobile
device, a wearable device (c.g., a smart watch), a smart home device {e.g., a3
smart appliance}, other smart devices, a web appliance, a network router, a
network switch, a network bridge, or any machine capable of executing the
mstructions 925, sequentially or otherwise, that specify actions to be taken by
the machine 900. Further, while only a single machine 900 is illustrated, the term
“machine” shall also be taken to include a collection of machines 900 that
mdividually or jointly execute the instructions 925 to perform any one or more
of the methodologics discussed herein.
[00106]  The machine 900 may include processors 910, memory 930, and /O
components 950, which may be configured to communicate with each other via

a bus 805, In an example embodiment, the processors 910 {e.g., a Central

Processing Unit (CPU), a Reduced Instruction Set Computing (RISC) processor,
a Complex Instruction Set Computing (CISC) processor, a Graphics Processing
Unit (GPU), a Dugital Signal Processor (DSP), an Application Specific

Integrated Circuit {ASIC), a Radio-Frequency Integrated Circuit (RFIC), another
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processor, or any suitable combination thereofy may include, for example, a
processor 915 and a processor 920 that may execute mstructions 925. The term
“processor” 1s intended to include multi~core processors that may comprise two
or more mdependent processors (also referred to as “cores”) that may execute
mstructions contemporancously. Although FIG. 9 shows multiple processors
510, the machine 900 may include a single processor with a single core, a single
processor with multiple cores {¢.g., a multi-core processor), multiple processors
with g single core, multiple processors with multiples cores, or any combination
thereof.

1001071 The memory 930 may nclude a main memory 918, a static memory
940, and a storage unit 945 accessible to the processors 910 via the bus 905. The
storage unit 945 may include a machine-readable medium 947 on which are
stored the instructions 925 embodying any one or more of the methodologies or
functions described herein. The instructions 925 may also reside, completely or
at jeast partially, within the main memory 918, within the static memory 940,
within at least one of the processors 910 {e.g., within the processor’s cache
memory), or any suitable combination thereof, during execution thereof by the
machine 900. Accordingly, the mam memory 918, the static memory 9440, and
the processors 910 may be conmdered machine-readable media 947

[00108]  As used herein, the term “memory” refers to a maching-readable
medium 947 able to store data temporanily or permanently, and may be taken to
mnciude, but not be limited to, random-access memory (RAM), read-only
memory {(ROM), buffer memory, flash memory, and cache memory. While the
machine-readable mediom 947 is shown in an example embodiment to be a
single medium, the term “machine-readable medium” should be taken to mclude
a single medium or multiple media (¢.g., a centralized or distributed database, or
associated caches and servers) able to store nstructions 923, The term “machine-
rcadable medium” shall also be taken to include any medium, or combination of
multiple media, that 1s capable of storing instructions (¢.g., the mstructions 925)
for execution by a machine {e.g., the machine 900}, such that the instructions,
when executed by one or more processors of the machine {e.g., the processors
910}, cause the machine to perform any one or more of the methodologies
described herein. Accordingly, a “machine-readable medium” refers to a single

storage apparatus or device, as well as “cloud-based™ storage sysiems or storage

M
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networks that inchude multiple storage apparatus or devices. The term “machine-
readable medium” shall accordingly be taken to include, but not be limited to,
one or more data repositories in the form of a solid-state memory {¢.g., flash
memory), an optical medium, a magnetic medium, other non-volatile memory
{¢.g., Erasable Programmable Read-Only Memory (EPROM)), or any suitable
combination thereof. The term “machine-readable medium” specifically
excludes non-statutory signals per se.

[00109]  The VO components 950 may mclude a wide variety of components
to receive input, provide and/or produce cutput, transmit mformation, exchange
mformation, capture measurcments, and so on. It will be appreciated that the VO
components 930 may include many other components that are not shown m FIG.
9. In vanious example embodiments, the /0 components 950 may mclude
output components 932 and/or input components 934, The output components
932 may mclude visual components {¢.g., a display such as a plasma display
panel (PDP), a light emitting diode (LED) display, a liguid crystal display
(LCD), a projector, or a cathode ray tube (CRT)), acoustic components (e.g.,
speakers), haptic components {¢.g., a vibratory motor}, other signal generators,
and so forth. The mput components 954 may include alphanumeric input
components {¢.g., a kevboard, a touch screen configured to receive alphamumeric
input, a photo-optical keyboard, or other alphanumeric nput components), point-
based input components {¢.g., a mouse, a touchpad, a trackball, a jovstick, a
motion sensor, and/or another pointing instrament), tactile input components

{e.g., a physical button, a touch screen that provides location and force of

touches or touch gestures, and/or other tactile input components}, avdio input
components {¢.g., a microphone), and the like.

[00110]  In further example embodiments, the I/0 components 950 may
include biometric components 956, motion components 958, environmental
components 960, and/or position components 962, among a wide array of other
components. For example, the biometric components 956 may nclude
components to detect expressions {¢.g., hand expressions, facial expressions,
vocal expressions, body gestures, or eve tracking). measure biosignals (o.g..
blood pressure, heart rate, body temperature, perspiration, or brain waves),
identify a person {e.g., voice wdentification, retinal identification, facial

identification, finger print identification, or ¢lectroencephalogram based
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wdentification)}, and the hike. The motion components 958 may include
acceleration sensor components (¢.g., accelerometer), gravitation sensor
components, rotation sensor components (¢.g., gyroscope), and so forth. The
environmental cormponents 960 may include, for example, iHumination sensor
components (¢.g., photometer), temperature sensor compongents (2.g., one or
more thermometers that detect ambient temperature}, hamidity sensor
components, pressure sensor components {¢.g., barometer), acoustic sensor
components (¢.g., one or more microphones that detect background noise),
proximity sensor components (e.g., infrared sensors that detect nearby objects),
and/or other components that may provide indications, measurements, and/or
signals corresponding to a surrounding physical environment. The position
components 962 may include location sensor components (¢.g., a Global
Position System (GPS) receiver component), altitude sensor components {g.g.,
altimeters and/or barometers that detect air pressure, from which altitude may be
derived), orientation sensor components {e.g., magnetometers), and the like.
(00111} Commumication may be embodied using a wide variety of
technologies. The /0 components 950 may include communication components
964 operable to couple the machine 900 to a network 980 and/or to devices 970
via a coupling 982 and a coupling 992 respectively. For example, the
commuitication components 964 may include a network interface component or
another suitable device to mterface with the network 980. fn further examples,
communication components 964 may include wired communication
components, wireless communication components, cellular commmication
components, Near Field Communication {(NFC) components, Bluctooth®
components {(¢.g., Bluetooth® Low Energy), Wi-Fi® components, and other
communication components to provide communication via other modalities. The
devices 970 may be another machine and/or any of a wide variety of peripheral
devices {¢.g., a peripheral device coupled via a Universal Serial Bus (USB)).
[00112]  Moreover, the communication components 964 may detect identifiers
and/or include components operable to detect identifiers. For example, the
communication components 964 may include Radio Frequency Identification
{RFID)} tag reader components, NFC smart tag detection components, optical
reader components {¢.g., an optical sensor to detect one~-dimensional bar codes

such as Universal Product Code (UPC) bar code, mukti-dimensional bar codes



WO 2016/154590 PCT/US2016/024331

such as Quick Response (QR) code, Aztec code, Data Matrix, Dataglyph,
MaxiCode, PDF48, Ultra Code, UCC R5S-2D bar code, and other optical
codes), acoustic detection components {e.g., microphones to identify tagged
audio signals}, and so on. In addition, a vanety of information may be derived
via the commanication components 964, such as location via laternet Protocol
{IP) geo-location, location via Wi-Fi® signal trianguolation, location via detecting

an NFC beacon signal that may indicate a particular location, and so forth.

TRANSMISSION MEDIUM
[00113]  In various example embodiments, one or more portions of the
network 980 may be an ad hoc network, an intranct, an extranct, a virtual private
network (VPN}, a local area network (LAN), a wireless LAN (WLAN), a wide
arca network (WAN), a wireless WAN (WWAN), a metropolitan area network
(MAN}, the Internet, a portion of the Internet, a portion of the Public Switched
Telephone Network (PSTN}, a plam old telephone service (POTS) network, a
cellular telephone network, a wireless network, a Wi-Fi® network, another type
of network, or a combination of two or more such networks. For example, the
network 980 or a portion of the network 980 may include a wircless or cellular
network and the coupling 982 may be a Code Division Multiple Access
(CDMA) connection, a Global System for Mobile communications (GSM)
connection, or another type of cellular or wircless coupling. In this exampile, the
coupling 982 mav embody anv of a variety of types of data transfer technology,
such as Single Carrier Radio Transmission Technology (1xRTT), Evolution-
Bata Optimized (EVDO) technology, General Packet Radio Service (GPRS)
technology, Enhanced Data rates for GSM Evolution (EDGE) technology, third
Generation Partnership Project (3GPP) including 3G, fourth generation wireless
(40} networks, Universal Mobile Telecommunications System (UMTS), High
Speed Packet Access (HSPA}, Worldwide Interoperability for Microwave
Access (WiMAX), Long Term Evolution (L'TE) standard, others defined by
various standard-setting organizations, other long range protocols, or other data
transfer technology.
[00114] "The instructions 925 may be transmitted and/or received over the

network 980 using a transmission medium via a network mterface device {e.g., a
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network interface component mchuded in the communication components 964}
and wtilizing any one of a number of well-known transfer protocols {e.g..
hypertext transfer protocol (HTTP)). Similarly, the instructions 925 may be
transmitted and/or received using a transmission medium via the coupling 992
{¢.g., a peer-to-peer coupling) to the devices 970. The term “transmission
medium™ shall be taken to mclude any intangible medium that is capable of
storing, encoding, or carryving the instructions 925 for execution by the machine
S04, and includes digttal or analog communications signals or other intangible
media to facilitate communication of such software.

[00115]  Furthermore, the machine~readable medium 947 is non-transitory (in
other words, not having any transiiory signals) in that it does not embody a
propagating signal. However, labeling the machine-readable medium 947 “non-
transitory” should not be construed to mean that the medium 947 is incapable of
movement; the medium 947 should be considered as being transportable from
one physical location to another. Additionally, since the machine-readable
medium 947 1s tangible, the mediam 947 may be considered to be a machine-

readable device.

TERM USAGE
100116] Throughout this specification, plural instances may be embodied as
components, operations, ot structures described as a single instance. Although
mdividual operations of one or more methods are illustrated and deseribed as
separate operations, one or more of the mdividual operations may be performed
concurrently, and nothing requires that the operations be performed in the order
tilustrated. Structures and functionality presented as separate components m
example configurations may be embodied as a combined stracture or
component. Similarly, structures and functionality presented as a single
component may be embodied as separate components. These and other
variations, modifications, additions, and improvements fall within the scope of
the subject matter hercin,
100117]  Although an overview of the inventive subject matter has been
described with reference to specitic example embodiments, various
modifications and changes may be made to these embodiments without

departing from the broader scope of embodiments of the present disclosure. Such
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embodiments of the inventive subject matter may be referred to herein,
mndividually or collectively, by the term “invention™ merely for convenience and
without intending to voluntarily imit the scope of this application to any single
disclosure or mventive concept 1f more than one is, in fact, disclosed.

[00118] The embodiments illustrated hercin are described m sufficient detail
to enable those skilled in the art to practice the teachings disclosed. Other
embodiments may be used and derived therefrom, such that structural and
fogical substitutions and changes mav be made without departing from the scope
of this disclosure. The Detatled Description, therefore, 1s not to be taken m a
fimuting sense, and the scope of various embodiments 1s defined only by the
appended claims, along with the full range of equivalents to which such claims
are entitled.

100119]  As used herein, the term “or” may be construed in either an inchusive
or exclusive sense. Moreover, plural instances may be provided for resources,
operations, or structures described herein as a single instance. Additionally,
boundaries between various resources, operations, modales, engines, and data
stores are somewhat arbitrary, and particular operations are dlustrated in a
context of specific illustrative configurations. Other allocations of functionality
are envisioned and may fall within a scope of varioas embodiments of the
present disclosure. In general, structures and functionality presented as separate
resourees in the example configurations may be embodied as a combined
structure or resource. Similarly, structures and functionality presented as a single
resource may be embodied as separate resources. These and other vanations,
modifications, additions, and improvements fall within a scope of embodimenis
of the present disclosure as represented by the appended claims. The
specification and drawings are, accordingly, to be regarded in an illustrative
rather than a restrictive sense.

1001201  The foregoing description, for purpose of explanation, has heen
described with reference to specific embodiments. However, the illustrative
discussions above are not intended to be exhaustive or to imit the possible
embodiments to the precise forms disclosed. Many modifications and variations
are possible m view of the above teachings. The embodiments were chosen and
described in order to best explain the principles involved and their practical

applications, to thereby enable others skilled in the art to best utilize the varicus
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embodiments with various modifications as are suited to the particular use
contemplated.

(00121} It will also be understood that, although the terms “first,” “second,”
cte. may be used herein to describe various elements, these elements should not
be imited by these terms. These terms are only used to distinguish one element
from another. For example, a “first contact” could be termed a “second contact,”
and, similarly, a “second contact” could be termed a “first contact,” without
departing from the scope of the present embodiments. The first contact and the
second contact are both contacts, but they are not the same contact.

1001221  The terminology used in the description of the embodiments herein is
for the purpose of describing particular embodiments onlv and 1s not intended to
be imiting. As used in the description of the embodiments and the appended
claims, the singular forms “a,” “an,” and “the™ are mtended to include the plural
forms as well, unless the context clearly indicates otherwise. It will also be
understood that the term “and/or” as used herem refers to and encompasses any
and all possible combinations of one or more of the associated histed tems. It
will be further understood that the terms “comprises”™ and/or “comprising,” when
used in this specitication, specify the presence of stated features, infegers, stops,
operations, elements, and/or components, but do not preclude the presence or
addition of one or more other features, integers, steps, operations, slements,
components, and/or groups thereof,

[00123]  As used herein, the term “1f” may be construed to mean “when™ or
“gpon” or “in response to determining” or “in response to detecting,” depending
on the context. Similarly, the phrase “if it is determined”™ or “if (3 stated
condition or event) is detected” may be construed to mean “upon determining
{the stated condition or event)” or “in response to determining (the stated
condition or event}” or “upon detecting (the stated condition or event)” or “in
response to detecting (the stated condition or event},” depending on the context.
[00124]  Thas written description uses examples to disclose the inventive
subject matter, including the best mode, and also to enable any person skilled in
the art to practice the inventive subject matter, including making and using any
devices or systems and performing any incorporated methods. The patentable
scope of the inventive subject matter 1s defined by the claims, and may inclade

other examples that occur to those skilled in the art. Such other examples are
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mtended to be within the scope of the claims if they have structural elements that
do not differ from the literal language of the claims, or if they include equivalent
structural elements with insubstantial differences from the literal language of the

claims.
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CLAIMS

‘What is claimed 1s:

1. A method comprising:

storing a list of commands in memory associated with a personal
electronic device, wherein cach stored command mcludes a function
executable by the personal electronic device and an associated input that
causes the command to be executed;

presenting, on a display associated with the personal electronic device, a
user mterface n a relative motion input mode, wherein the user interface
the relative motion mode is divided into a plurality of user interface zones;

receiving relative motion mput, wherein the relative motion input is
received through one or more relative motion sensors of the personal
electromie device;

determining whether the received relative motion input matches input
associated with a respective command in a hist of reference commands; and

m accordance with a deternunation that the received relative motion
input matches input is associated with a respective command 1n the list of

reference commands, executing the respective command.

2. The method of claim 1, wherein before receiving relative motion input, a
first user interface zone of the plurality of user interface zones is visually
distingwished as selected, and wherein executing the respecitve command
comprises:
changing the visually distinguished nterface zone from the first user
mterface zone to a second user mterface zone based on the respective

comimand.

3. The method of claim 1, wherein relative motion input represents a

change in the personal electronic devices position or rotation.

4. The method of claim 1, wherem relative motion mput represents motion

of a user relative to the personal electionic device.

5. The method of claim 1, wheremn the display associated with the personal

elecironic device is a touchscreen.
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6. The method of clamm 1, wheren the relative motion sensors of the
personal electronic device include one or more of a gyroscope, an accelerometer,

a microphone, and a camera.

7. The method of claim 1, forther mncluding, while operating the personal
clectronic device in a touch input mode:
receiving user input through a touchacreen associated with the personal
clectronic device;
detecting one or more touch input anomalics in the received user input;
and
in reaponse to detecting one or more touch anomalies i the received user
wnput, changing the operating mode of the personal electronic device from

the touch input mode to the relative motion input mode.

3. The method of claim 7, further including, in response to changing the
operating mode of the personal electronic deviee from the touch input mode to
the relative motion input mode, updating the displayed user interface to a

relative motion input-based user interface.

9. The method of claim 1, firther comprising, in accordance with a

deternination that the received relative motion input does not match stored input

associated with a respective command i the list of reference commands:
determining a closest matching command; and

executing the closest matching command.

10, The method of claim 9, further comprising, after executing the closest
matching command, monitoring future user mnputs to determine whether an undo
command was received; and
in accordance with a deternunation that no undo comnand was received,
updating inpui data associated with the closest matching command to include

the received user input.

11, The method of claim 10, wherein input data associated with a stored

command includes a range of possible inputs.
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12, The method of claim 11, wherein updating the input data associated with
the closest matching command to include the received user mput further
comprises cxtending the range of possible inputs to cover the received user

mput.

13, The method of claim 7, further including, prior to changing the operating
mode of the personal electromic device from the touch input mode to the relative
motion inpit mode, displaving an operating mode change notification on the

display associated with the personal electronic device.

14, The method of claim 7, further mmcluding, prior to changing the operating
maode of the personal electronic device from the touch mput mode to the relative
motion input mode, displaving a prompt message on the display associated with
the personal electronic device, wherein the prompt message suggests a change of
operating mode;
recetving input indicating user acceptance of the change of operating
mode; and
in response 1o receiving the input indicating user acceptance of the
change of operating mode, changing the operating mode of the personal
electronic device from the touch mput mode to the relative motion input

maode.

15,  An glectronic device comprising:

a storage module to store a list of commands in memory associated with
a personal electronic device, wherein cach stored command includes a
function executable by the clectronic device and associated input that causes
the command 1o be executed;

a presentation module to present, on a display associated with the
clectronic device, a user inferface mn a relative motion input mode, wheremn
the aser mterface in the relative motion mode is divided into a phurality of
user interface zones;

a reception module to receive relative motion input, wherein the relative
motion input is received through one or more relative motion sensors of the

personal clectronic device;

L2
~3



WO 2016/154590 PCT/US2016/024331

an mput analysis module to determine whether the recetved relative
motion input matches input associated with a respective command 1n a list of
reference commands; and

an execution module to, in accordance with a determination that the
received relative motion input matches mput s associated with a respective
command in the list of reference commands, execute the respactive

comimand.

16.  The electronic device of claim 13, wherein before receiving relative
motion nput, a first user interface zone of the plurality of user interface zones is
visually distinguished as sclected, and further comprising:
a change module to change the visvally distinguished interface zone from
the first user interface zone o a second user mterface zone based on the

respective command.

17. The electronic device of claim 13, wherein the relative motion sensors of
the electronic device include one or more of a gyroscope, an accelerometer, a

microphone, and a camera.

18. A non-transitory computer-readable storage medium storing instractions
that, when executed by the one or more processors of a maching, cause the
machine to perform operations comprising:
storing a list of commands in memory associated with a personal
electronic device, wherein each stored command includes a function
exccutable by the personal clectronic device and associated input that canses
the command to be executed;
presenting, on a display associated with the personal electronic device, a
user mterface in a relative motion input mode, wherein the user mterface in
the relative motion mode 1s divided into a plurality of user interface zones;
receiving relative motion input, wherein the relative motion input is
received through one or more relative motion seansors of the personal
electronic device;
determining whether the received relative motion input matches input

associated with a respective command in a hist of reference commands; and
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in accordance with a determination that the received relative motion
ipui matches input is associated with a respective command in the list of

reference commands, executing the respective command.

19, The non-transitory computer-readable storage medium of claim 18,
wherein before receiving refative motion put, a first user interface zone of the
plurality of user interface zones is visually distinguished as selected, and
wherein executing the respecitve command comprises:
changing the visually distinguished nterface zone from the first user
miterface zone to a second user interface zone based on the respective
command.
20, The non-transttory computer-readable storage medium of claim 19,

wherein the relative motion sensors of the personal electronic device mclude one

or more of a gyroscope, an accelcrometer, a microphone, and a camera.
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