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CONTROLLING REMOTE DEVICES USING USER INTERFACE TEMPLATES

BACKGROUND
[0001] Typically, in order to control a remote computing device (e.g., a connected light,
speaker, thermostat, etc.) from a mobile computing device (e.g., a smartphone), a user of the
mobile computing device must perform numerous steps to configure communication between
the mobile computing device and the remote computing device. For example, the user may
download an application developed by the manufacturer of the remote computing device,
create a user account for that application, and then initiate a communication session between
the mobile computing device and the remote computing device (e.g., pair devices via
BLUETOOTH, select a WIFI network, etc.). In addition, the user may need to perform
similar steps for each remote computing device he or she wishes to control via the mobile
computing device. Such interactions can be tedious, repetitive, and time consuming,.
Additionally, the user may be required to download a different application for each remote
computing device. Ultilizing different applications to control different remote computing
devices may consume the limited resources of the computing device (e.g., by consuming

memory and processing power).

SUMMARY
[0002] In general, the disclosed subject matter relates to techniques for enabling a computing
device to control a plurality of different remote computing devices. A remote computing
device may broadcast state information for any other computing device proximate to the
remote computing device. For example, a mobile computing device (e.g., a smartphone) may
receive the state information when the mobile computing device and the remote computing
device are in proximity to one another (e.g., within a threshold distance of one another). In
various instances, in response to receiving the state information, the mobile computing device
may generate and display a graphical user interface (GUI) for controlling the remote device.
[0003] The mobile computing device may generate the GUI by selecting a template GUI
from a plurality of template GUIs and populating the template GUI using at least a portion of
the state information. For example, when the remote computing device is a clock, the state
information may include information about one or more of a current time, an alarm state
(e.g., set or not set), a time at which an alarm of the clock is set, and various operations that
the clock can perform, such as adjusting the time at which an alarm is set. The GUI

generated by the mobile computing device may include one or more graphical objects
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corresponding to the respective operations the remote computing is configured to perform.
The mobile computing device may receive a user input selecting a graphical object
corresponding to a particular operation, and may cause the remote computing device to
perform the particular operation.

[0004] By generating GUISs associated with different remote computing devices using
template GUIs, the mobile computing device may improve the user experience by allowing a
user to more easily interact with and control remote different remote computing devices via
the mobile computing device. For example, utilizing template GUIs enables the mobile
computing device to control the different remote computing devices without utilizing
different software applications for different types of remote computing devices (e.g., remote
computing devices from different manufacturers). Rather than requiring a user to download
and install different applications for each remote computing device, the mobile computing
device may automatically generate GUIs to control a remote computing device when the
mobile computing device is close to the remote computing device. Reducing the number of
applications utilized to control different remote computing devices may reduce the computing
resources consumed by the computing device. For instance, by reducing or eliminating the
need to download or install different applications to control the remote computing devices,
techniques of this disclosure may use less network bandwidth and less storage space than
computing devices that have different applications installed for each remote computing
device. Further, automatically generating GUIs based on template GUIs may enable the
mobile computing device to receive fewer user inputs that may be otherwise required to
search for an application, launch the application, and navigate through various GUIs of the
application to control the remote computing device. By receiving fewer user inputs to control
the remote computing device, the mobile computing device may utilize fewer processing
cycles and reduce the amount of time a screen is on, which may reduce the amount of power
consumed by the mobile computing device. Furthermore, selectively generating the GUI in
dependence on proximity to a given remote computing device (for example, by reference to a
threshold distance) can improve the control of the operation of remote computing devices by
allowing intuitive access to such control at appropriate times. For example, this approach
may reduce the possibility of accidentally operating a remote computing device other than
that intended by the user.

[0005] In one example, a method includes receiving, by a first computing device and from a
second computing device, using a short-range wireless communication unit of the first

computing device, data including state information of the second computing device and
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identification information for the second computing device; responsive to a distance between
the first computing device and the second computing device satisfying a threshold distance:
determining, by the first computing device and based on the identification information, a
particular template graphical user interface from a plurality of template graphical user
interfaces; determining, by the computing device and based on the state information, one or
more operations the second computing device is configured to perform; outputting, by the
first computing device and using the particular template graphical user interface, a graphical
user interface associated with the remote computing device and that includes one or more
graphical elements that each correspond to a respective operation of the one or more
operations the second computing device is configured to perform; receiving, by the first
computing device, a user input selecting a particular graphical element of the one or more
graphical elements; and transmitting, by the first computing device and to the second
computing device, an indication of the operation corresponding to the particular graphical
element.

[0006] In another example a computer-readable storage medium is described including
instructions that, when executed, cause at least one processor of a first computing device to
perform operations including: receiving, from a second computing device, using a short-
range wireless communication unit of the first computing device, data including state
information of the second computing device and identification information for the second
computing device; responsive to a distance between the first computing device and the
second computing device satisfying a threshold distance: determining, based on the
identification information, a particular template graphical user interface from a plurality of
template graphical user interfaces; determining, based on the state information, one or more
operations the second computing device is configured to perform; outputting, using the
particular template graphical user interface, a graphical user interface associated with the
remote computing device and that includes one or more graphical elements that each
correspond to a respective operation of the one or more operations the second computing
device is configured to perform; receiving a user input selecting a particular graphical
element of the one or more graphical elements; and transmitting, to the second computing
device, an indication of the operation corresponding to the particular graphical element.
[0007] In another example, a computing system is described that includes at least one
processor configured to perform operations including: receiving, from a second computing
device, using a short-range wireless communication unit of the first computing device, data

including state information of the second computing device and identification information for
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the second computing device; responsive to a distance between the first computing device
and the second computing device satisfying a threshold distance: determining, based on the
identification information, a particular template graphical user interface from a plurality of
template graphical user interfaces; determining, based on the state information, one or more
operations the second computing device is configured to perform; outputting, using the
particular template graphical user interface, a graphical user interface associated with the
remote computing device and that includes one or more graphical elements that each
correspond to a respective operation of the one or more operations the second computing
device is configured to perform; receiving a user input selecting a particular graphical
element of the one or more graphical elements; and transmitting, to the second computing
device, an indication of the operation corresponding to the particular graphical element.
[0008] In another example, a system is described including means for receiving, from a
second computing device, data including state information of the second computing device
and identification information for the second computing device; responsive to a distance
between the first computing device and the second computing device satisfying a threshold
distance: means for determining a particular template graphical user interface from a plurality
of template graphical user interfaces; means for determining one or more operations the
second computing device is configured to perform; means for outputting, using the particular
template graphical user interface, a graphical user interface associated with the remote
computing device and that includes one or more graphical elements that each correspond to a
respective operation of the one or more operations the second computing device is configured
to perform; means for receiving a user input selecting a particular graphical element of the
one or more graphical elements; and means for transmitting, to the second computing device,
an indication of the operation corresponding to the particular graphical element.

[0009] The details of one or more examples are set forth in the accompanying drawings and
the description below. Other features, objects, and advantages of the disclosure will be

apparent from the description and drawings, and from the claims.

BRIEF DESCRIPTION OF DRAWINGS
[0010] FIG. 1 is a conceptual diagram illustrating an example system that dynamically
generates graphical interfaces for controlling remote computing devices, in accordance with
one or more aspects of the present disclosure.
[0011] FIG. 2 is a block diagram illustrating an example computing device that is configured

to dynamically generate graphical interfaces for controlling remote computing devices, in
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accordance with one or more aspects of the present disclosure.

[0012] FIGS. 3A-3D are conceptual diagrams illustrating example graphical user interfaces
of an example computing device, in accordance with one or more aspects of the present
disclosure.

[0013] FIG. 4 is a flowchart illustrating example operations performed by an example
computing device that is configured to dynamically generate task shortcuts, in accordance

with one or more aspects of the present disclosure.

DETAILED DESCRIPTION
[0014] FIG. 1 is a conceptual diagram illustrating an example computing system 100 that
dynamically generates graphical interfaces for controlling remote computing devices, in
accordance with one or more aspects of the present disclosure. In the example of FIG. 1,
system 100 includes mobile computing device 110, information server system (ISS) 117, and
one or more remote computing devices 118A-N (collectively, remote computing devices 118)
that are communicatively coupled with each other.
[0015] Network 116 represents any public or private communications network for
transmitting data between computing systems, servers, and computing devices. Network 116
may be a wireless network (e.g., cellular, WIFI, and/or other wireless network), a wired
network (e.g., a local area network (LAN), a wide area network (WAN), the Internet, etc.), or
any other type of communications network. Network 116 may include one or more network
hubs, network switches, network routers, or any other network equipment, that are
operatively inter-coupled thereby providing for the exchange of information between
computing device 110, ISS 117, and remote computing devices 118. Computing device 110,
ISS 117, and remote computing devices 118 may transmit and receive data across network
116 using any suitable communication techniques.
[0016] Computing device 110, ISS 117, and remote computing devices 118 may each be
operatively coupled to network 116 using respective network links 104, 105, and 106.
Computing device 110, ISS 117, and remote computing devices 118 may be operatively
coupled to network 116 using different network links. The links coupling computing device
110, ISS 117, and remote computing devices 118 to network 116 may be Ethernet, ATM or
other types of network connections, and such connections may be wireless and/or wired
connections.
[0017] Remote computing devices 118 may be any type of computing device, such as a

smartphone, a computerized wearable device (e.g., a watch, eyewear, ring, necklace, etc.),
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speaker, television, automobile head unit, clock, thermostat, household appliance (e.g., stove,
refrigerator, washing machine, etc.), countertop computing device, or any other type of
device that is configured to send and receive information to and from computing device 110
via a network, such as network 116. Remote computing devices 118 may exchange
information with computing device 110 via network 116. For example, remote computing
devices 118 may send information to computing device 110 and may receive information
from computing device 110. Remote computing devices 118 may also exchange information
with computing device 110 without traversing network 116, for example, using direct link
107. Direct link 107 may be any communication protocol or mechanism capable of enabling
two computing devices to communicate directly (i.e., without requiring a network switch,
hub, or other intermediary network device), such as BLUETOOTH, WIFI DIRECT, near-
field communication, etc.

[0018] ISS 117 represents any suitable remote computing system, such as one or more
desktop computers, laptop computers, mainframes, servers, cloud computing systems, etc.
capable of sending and receiving information via a network, such as network 116. ISS 117
may represent a cloud computing system that provides information to computing device 110
and/or remote computing devices 118 via network 116. In some examples, ISS 117 outputs
information to computing device 110, such that computing device 110 may output at least a
portion of the information provided by ISS 117 to a user.

[0019] Computing device 110 may be a mobile device, such as a smart phone, a tablet
computer, a laptop computer, computerized watch, computerized eyewear, computerized
gloves, or any other type of portable computing device. Additional examples of computing
device 110 include other mobile and non-mobile devices, such as desktop computers,
televisions, personal digital assistants (PDA), portable and non-portable gaming systems,
digital media players or micro-consoles, e-book readers, mobile television platforms,
automobile navigation and entertainment systems, or any other types of wearable and non-
wearable, mobile or non-mobile computing devices.

[0020] As shown in FIG. 1, computing device 110 includes a presence-sensitive display
(PSD) 112, user interface (UI) module 120, and remote device management module
(RDMM) 122. Modules 120 and 122 may perform operations described using software,
hardware, firmware, or a mixture of hardware, software, and firmware residing in and/or
executing at computing device 110. Computing device 110 may execute modules 120 and
122 with multiple processors or multiple devices. Computing device 110 may execute

modules 120 and 122 as virtual machines executing on underlying hardware. Modules 120
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and 122 may execute as one or more services of an operating system or computing platform.
Modules 120 and 122 may execute as one or more executable programs at an application
layer of a computing platform.

[0021] PSD 112 of computing device 110 may function as respective input and/or output
devices for computing device 110. PSD 112 may be implemented using various
technologies. For instance, PSD 112 may function as input devices using presence-sensitive
input screens, such as resistive touchscreens, surface acoustic wave touchscreens, capacitive
touchscreens, projective capacitance touchscreens, pressure sensitive screens, acoustic pulse
recognition touchscreens, or another presence-sensitive display technology. PSD 112 may
detect input from a user of computing device 110. For example, PSD 112 may detect one or
more gestures performed on or within a threshold distance of PSD 112 (e.g., a user touching
PSD 112 with a finger or a stylus or moving the finger or stylus within a threshold distance of
a surface of PSD 112).

[0022] PSD 112 may also function as output (e.g., display) devices using any one or more
display devices, such as liquid crystal displays (LCD), dot matrix displays, light emitting
diode (LED) displays, organic light-emitting diode (OLED) displays, e-ink, or similar
monochrome or color displays capable of outputting visible information to a user of
computing device 110. PSD 112 may output information (e.g., to a user) as a user interface
(e.g., graphical user interface 114), which may be associated with functionality provided by
computing device 110. For example, PSD 112 may display various user interfaces related to
an application module or other features of computing platforms, operating systems,
applications, and/or services executing at or accessible from computing device 110.

[0023] UI module 120 manages user interactions with PSD 112 and other components of
computing device 110. For example, Ul module 120 may cause PSD 112 to display graphical
user interface (GUI) 114 as a user of computing device 110 views output and/or provides
input at PSD 112. UI module 120 may receive information from a component of computing
device 110 that forms a basis for some or all of GUI 114. In response, Ul module 120 may
output instructions and information to PSD 112 that cause PSD 112 to display GUI 114
according to the information received from the component of computing device 110. UI
module 120 may receive one or more indications of input from a user as the user interacts
with the user interfaces (e.g., GUI 114). When handling input detected by PSD 112, UI
module 120 may receive information from PSD 112 in response to inputs detected at
locations PSD 112 that correspond to locations of PSD 112 at which elements of GUI 114 are
displayed.
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[0024] UI module 120 disseminates information about inputs detected by PSD 112 to other
components of computing device 110 for interpreting the inputs and for causing computing
device 110 to perform one or more functions in response to the inputs. For example, Ul
module 120 may generate one or more touch events based on the detected input. A touch
event may include information that characterizes user input, such as a location component
(e.g., [x,y] coordinates) of the user input, a time component (e.g., when the user input was
received), a force component (e.g., an amount of pressure applied by the user input), or other
data (e.g., speed, acceleration, direction, density, etc.) about the user input. Based on location
information of the touch events generated from the user input, Ul module 120 may determine
that the detected user input is associated with RDMM 122 and may send an indication of the
one or more touch events to RDMM 122 for further interpretation.

[0025] In accordance with techniques of this disclosure, RDMM 122 may dynamically
enable a user of computing device 110 to control remote computing devices 118. In contrast
to some computing devices which utilize a plurality of different applications that each
correspond to a respective remote computing 118, in some examples, RDMM 122 enables the
user of computing device 110 to control remote computing devices 118 without utilizing
different applications to control each of the different remote computing devices 118. In
contrast to some computing devices which require a user to configure communication
between the computing device and a remote computing device to control the remote
computing device, RDMM 122 may enable the user of computing device 110 to control
remote computing devices 118 without configuring computing device 110 to communicate
with each of remote computing devices 118 separately.

[0026] In some examples, each remote computing device of remote computing devices 118
broadcasts or transmits information associated with the respective remote computing device.
For example, remote computing device 118 A may broadcast the information by outputting an
electromagnetic energy wave (e.g., radio wave, also referred to as a radio signal, or an optical
wave, also referred to as an optical signal) that includes the information associated with
remote computing device 118A, such as identification information and state information for
remote computing device 118A. Examples of state information include information
indicative of one or more characteristics of the remote computing device, operations the
remote computing device is configured to perform, location (e.g., GPS coordinates, a room
within a house, etc.), among others.

[0027] In the example of FIG. 1, remote computing device 118A includes a clock. In some

examples, the characteristics of the clock may include a time to which remote computing
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device 118A is currently set (e.g., the current time according to the clock) and a time for
which one or more alarms of remote computing device 118A is set. Similarly, remote
computing device 118A may be configured to performing operations such as updating an
alarm, creating a new alarm, cancelling an existing alarm, silencing an alarm, or updating the
time to which the clock is set (e.g., update the current time kept by the clock).

[0028] In some examples, remote computing device 118A broadcasts information over a
short-range communication unit using a short-range communication protocol, such as near-
field communication (NFC), WIFI DIRECT, BLUETOOTH Low Energy (BLE), or
ultrasound. Remote computing device 118A may be configured to broadcast information at
fixed time intervals (e.g., once every half second, once every second, etc.) or at variable time
intervals. For example, remote computing device 118 A may transmit information at a first
time interval (e.g., once every second) when computing device 110 is not proximate to
remote computing device 118A and broadcast information at a second, different time interval
(e.g., five times per second) when computing device 110 and remote computing device 118A
are in proximity of one another.

[0029] Computing device 110 may receive the data broadcast by remote computing device
118A using a short-range wireless communication unit of computing device 110. For
example, one or more communication units of computing device 110 may operate according
to an NFC, WIFI DIRECT, or BLE protocol.

[0030] RDMM 122 automatically outputs a GUI associated with remote computing device
118A when the distance between remote computing device 118A and computing device 110
satisfies (e.g., is less than or equal to) a threshold distance. The threshold distance may be a
distance at which communication unit 246 can detect a signal broadcast by remote computing
device 118A, such that, in some examples, RDMM 122 may automatically output a GUI
associated with remote computing device 118A in response to detect a signal broadcast by
remote computing device 118A. In another example, RDMM 122 may be a predetermined
distance and RDMM 122 may determine whether the distance between remote computing
device 118A and computing device 110 satisfies the threshold distance.

[0031] In one example, RDMM 122 may determine whether the distance satisfies the
threshold distance based at least in part on the characteristics of the signal (e.g., a radio signal
or an optical signal) that includes the information broadcast by remote computing device
118A. The characteristics of the signal may include a strength of the signal or an amount of
time between when the signal was sent by remote computing device 118A and when the

signal was received by computing device 110.
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[0032] As another example, RDMM 122 may determine whether the distance between
computing device 110 and remote computing device 118A satisfies the threshold distance
based on the information received from remote computing device 118A. For example,
RDMM 122 may receive information indicating the location of remote computing device
118A (e.g., GPS coordinates, a room in which device 118A is located, etc.), compare the
location of remote computing device 118A to the location of computing device 110, and
determine whether the distance between computing device 110 and remote computing device
118A satisfies the threshold distance based on the comparison. For instance, RDMM 122
may determine that the distance satisfies the threshold distance when computing device 110
and remote computing device 118A are in the same building, room, or other enclosed space.
[0033] In some examples, RDMM 122 determines whether the distance between computing
device 110 and remote computing device 118A satisfies the threshold distance based on the
characteristics of the signal that includes the information broadcast by remote computing
device 118A and the information received from remote computing device 118A. In one
example, RDMM 122 determines the distance satisfies the threshold distance in response to
determining that strength of the signal satisfies a threshold signal strength and the location of
remote computing device 118A is located in the same building as computing device 110.
[0034] Responsive to the distance between computing device 110 and remote computing
device 118A satisfying (e.g., being less than) a threshold distance, RDMM 122 may output at
least a portion of the state information received from remote computing device 118A. For
example, RDMM 122 may cause PSD 112 to output a GUI (e.g., GUI 114) associated with
remote computing device 118A that enables a user of computing device 110 to interact with
remote compute device 118A.

[0035] In some instances, RDMM 122 utilizes a template GUI to display at least a portion of
the state information for remote computing device 118A. Utilizing a template GUI may
enable RDMM 122 to generate a GUI associated with the remote computing device 118A
without requiring an application associated with remote computing device 118A to be
downloaded or installed at computing device 110. Similarly, utilizing a template GUI may
enable RDMM 122 to generate a GUI associated with different remote computing device,
such as remote computing device 118B, without an application associated with remote
computing device 118B installed at computing device 118. In this way, utilizing template
GUIs may enable computing device 110 to control different applications without having
different applications installed at computing device 110 for each type of remote computing

device 118, which may reduce the amount of computing resources (e.g., memory, processing
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cycles, battery power) utilized by computing device 110 to control different remote
computing devices 118.

[0036] RDMM 122 may select a template GUI from a plurality of template GUISs to display
at least a portion of the state information associated with remote computing device 118A. In
some examples, computing device 110 stores information for (e.g., data used to generate) one
or more template GUIs. In another example, RDMM 122 receives information for one or
more template GUIs from ISS 117.

[0037] RDMM 122 may select a template GUI based on the identification information for
remote computing device 118A, a state of computing device 110, or a combination thereof.
In some examples, the identification information for remote computing device 118A indicates
a type of the remote computing device 118A. As used herein, a type of remote computing
device may refer to a model, manufacturer, or appliance type (e.g., household appliance,
clock, thermostat). For example, RDMM 122 may select a first template from the plurality of
templates when the type indicates remote computing device 118 A was manufactured by a
first manufacturer and may select a second template from the plurality of templates when the
type indicates remote computing device 118A was manufactured by a second (e.g., different)
manufacturer. As another example, RDMM 122 may select a first template when the type
indicates remote computing device 118A is of a first appliance (e.g., kitchen appliance) and a
second template when the type indicates remote computing device 118A is of a second class
(e.g., laundry appliance). In one example, RDMM 122 determines a type of remote
computing device 118A based on the identification information and requests a template GUI
associated with that type of remote computing device from ISS 117.

[0038] In another example, RDMM 122 selects the template GUI based at least in part on an
operating state of computing device 110. The state of computing device 110 may include a
lock status (e.g., locked vs unlocked) or a display status (e.g. a state of what is shown or
displayed by PSD 112). For example, RDMM 122 may select a first template GUI when the
status of PSD 112 includes displaying a home screen GUI (e.g., a GUI corresponding to a
home screen of the operating system executing at computing device 110) or a second
template GUI when the status of PSD 112 includes displaying an application GUI (e.g., a
GUI corresponding to an application executing at computing device 110).

[0039] In some instances, RDMM 122 generates GUI 114 associated with remote computing
device 118A based on the selected template GUI. For instance, RDMM 122 may generate
GUI 114 by populating the selected template GUI with information associated with

operations that remote computing device 118A is configured to perform.
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[0040] RDMM 122 may determine one or more operations the remote computing device
118A is configured to perform. In some examples, RDMM 122 determines the one or more
operations based on the state information received from remote computing device 118A. For
instance, the state information may specify a set of operations remote computing device 118A
is configured to perform. In some examples, remote computing device 118A specifies a
different set of operations in the state information based on an operating state of remote
computing device 118A. For example, remote computing device 118A include a smart
display and may output data indicative of a first set of operations when the operating state of
remote computing device 118A includes playing a video (e.g., the operations may include
pause, play, fast forward, etc.) and output data indicative of a second set of operations when
the operating state of remote computing device 118A includes displaying a picture slide show
(e.g., the operations may include “show pictures of place A”, “show pictures of event B”,
etc.).

[0041] In some examples, remote computing device 118A specifies a different set of
operations in the state information based on a relationship between computing device 110 and
remote computing device 118A. For example, remote computing device 118A may output
state information indicating a different set of operations to computing device 110 based on a
location of computing device 110 relative to remote computing device 118A or a distance
between devices 110 and 118A, among other relationships. In one example, remote
computing device 118A includes a vehicle infotainment system and includes data indicative
of different sets of operations within the state information based on a location of computing
device 110. For example, remote computing device 118 A may indicate that it is configured
to perform a first set of operations (e.g., output audio for a phone call, provide navigation
information, output multimedia (e.g., music)) when computing device 110 is located in a
predetermined location within the vehicle (e.g., on the center console) and that it is
configured to perform a second set of operations (e.g., provide navigation information or
output multimedia, but not output audio associated with phone calls) when computing device
110 is not located in the predetermined location. In such examples, computing device 110 is
permitted to command remote computing device 118A to output audio for a phone call when
computing device 110 is located on the center console (e.g., only the driver’s phone call place
calls through the infotainment system) and may be permitted to command remote computing
device to perform other operations when located elsewhere, such as display navigation
information (e.g., which may allow people other than the driver to send navigation

instructions to the infotainment system). In this way, remote computing device 118A may
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restrict its functionality to certain devices based on a relationship between computing device
110 and remote computing device 118A.

[0042] In one example, RDMM 122 determines the one or more operations that remote
computing device 118A is configured to perform based on the identification information for
remote computing device 118A. For example, RDMM 122 may query a data store (e.g.,
stored by computing device 110 or ISS 117) based on the identification information and may
receive, in response to the query, information indicating a set of operations remote computing
device 118A is configured to perform.

[0043] In the example of FIG. 1, GUI 114 includes a plurality of graphical elements 130,
132, and 134A-134C. Examples of graphical elements include textboxes, images, icons, etc.
As illustrated in FIG. 1, graphical elements 134A-134C (collectively, graphical elements 134)
may each include information indicative of one or more respective operations that remote
computing device 118A is configured to perform. In some examples, graphical element 130
includes identification information for remote computing device 118A and/or state
information for remote computing device 118A. In the example of FIG. 1, the identification
information displayed by graphical element 130 indicates a type of the remote computing
device 118A (e.g., “ABC clock,” “analog clock,” “digital clock,” “clock,” etc.). As
illustrated in FIG. 1, the state information displayed by graphical element 130 includes the
time to which remote computing device 118A is set (also referred to as a current time, e.g.,
3:00pm) and a time for which an alarm of remote computing device 118A is set (e.g.,
5:00pm). Graphical element 132 may include information indicative of a state of computing
device 110 (e.g., a time for which an alarm of computing device 110 is set. Responsive to
generating GUI 114, RDMM 122 outputs GUI 114 to UI module 120, which causes PSD 112
to display GUI 114.

[0044] After displaying GUI 114, PSD 112 may detect a user input and UI module 120 may
interpret the input to determine a display location of PSD 112 at which the input was detected
and determine whether any of graphical elements 134 are located at that location. Ul module
120 may determine that a particular graphical element 134 (e.g., graphical element 134A)
was displayed at the location of PSD 112 where the user input was detected, and may output
data indicating that graphical element 134A was selected to RDMM 122.

[0045] RDMM 122 may receive the data indicating that graphical element 134A was
selected, determine an operation corresponding to the selected graphical element 134A, and
transmit an indication of the operation corresponding to the selected graphical element. For

instance, in the example of FIG. 1, RDMM 122 determines that graphical element 134A
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corresponds to an operation of remote computing device 118A to update the time for which
the current alarm is set to 4pm and outputs a command indicative of the operation to update
the current alarm. In some examples, RDMM 122 outputs the command to remote
computing device 118A. As another example, RDMM 122 may output the command to ISS
117 which may forward an indication of the command (e.g., the command itself, or data
representing the command) to remote computing device 118A. Responsive to receiving the
command, remote computing device 118 A may perform the operation included in the
command. For example, remote computing device 118 A may update the time for which the
alarm is set from 3pm to 4pm.

[0046] In this way, the techniques of the disclosure may enable a computing device to output
GUIs associated with respective remote computing devices based on template GUIs. By
generating GUIs based on template GUIs, the computing device may improve the user
experience by allowing a user to interact with remote computing devices more easily. For
instance, the computing device may enable a user to control the respective remote computing
devices without requiring a specific application associated with each respective remote
computing device. Reducing the number of applications utilized to interact with and control
remote computing devices may reduce the amount of computing resources (e.g., memory,
processing cycles, battery power, etc.) utilized by the computing device. For instance,
reducing the number of applications needed to control the remote computing devices may
enable a computing device to use less storage space than computing devices that have
different applications installed for each remote computing device. Further, automatically
generating GUIs based on template GUIs may enable the mobile computing device to receive
fewer user inputs that may be otherwise required to search for an application, launch the
application, and navigate through various GUIs of the application to control the remote
computing device. Further, the techniques of this disclosure may enable a computing device
to control a remote computing device without requiring an initial setup of communication
between the computing device and a remote computing device to communicate with one
another, the techniques of this disclosure may reduce the number of user inputs received by
the computing device, which may reduce the time a display is turned on and the number of
inputs received. In this way, the computing device may execute fewer operations and/or turn
off the display more quickly, hence reducing the power consumed by the computing device.
Further, enabling the computing device to control the remote computing device without the
performing an initial communication setup may improve the user experience. Furthermore,

selectively generating the GUI in dependence on proximity to a given remote computing
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device (for example, by reference to a threshold distance) can improve the control of the
operation of remote computing devices by allowing intuitive access to such control at
appropriate times. For example, this approach may reduce the possibility of accidentally
operating a remote computing device other than that intended by the user.

[0047] FIG. 2 is a block diagram illustrating an example computing device that is configured
to dynamically generate task shortcuts, in accordance with one or more aspects of the present
disclosure. Computing device 210 is a more detailed example of computing device 110 of
FIG. 1. FIG. 2 illustrates only one particular example of computing device 210, and many
other examples of computing device 210 may be used in other instances and may include a
subset of the components included in example computing device 210 or may include
additional components not shown in FIG. 2.

[0048] As shown in the example of FIG. 2, computing device 210 includes one or more
processors 230, presence-sensitive display 240, one or more input components 242, one or
more output components 244, one or more communication units 246, one or more storage
devices 248, and motion sensors 250. Storage devices 248 of computing device 210 include
UI module 220, RDMM 222, and template GUI data store 228.

[0049] Communication channels 249 may interconnect each of the components 230, 240,
242,244, 246, 248, and/or 250 for inter-component communications (physically,
communicatively, and/or operatively). In some examples, communication channels 249 may
include a system bus, a network connection, one or more inter-process communication data
structures, or any other components for communicating data (also referred to as information).
[0050] One or more communication units 246 of computing device 200 may communicate
with external devices by transmitting and/or receiving data. For example, computing device
200 may use one or more of communication units 246 to transmit and/or receive radio signals
on a radio network such as a cellular radio network. In some examples, communication units
246 may transmit and/or receive satellite signals on a satellite network such as a Global
Positioning System (GPS) network. Examples of communication units 246 include a
network interface card (e.g. such as an Ethernet card), an optical transceiver, a radio
frequency transceiver, a GPS receiver, or any other type of device that can send and/or
receive information. Other examples of communication units 246 may include short wave
radios (e.g., NFC, BLUETOOTH (including BLE)), GPS, 3G, 4G, 5G, and WIFI radios
found in mobile devices as well as Universal Serial Bus (USB) controllers and the like.
[0051] One or more input components 242 of computing device 210 may receive input.

Examples of input are tactile, audio, kinetic, and optical input, to name only a few examples.
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Input components 242 of computing device 210 include, in one example, a mouse, keyboard,
voice responsive system, video camera, buttons, control pad, microphone or any other type of
device for detecting input from a human or machine. In some examples, input component
242 may be a presence-sensitive input component, which may include a presence-sensitive
screen, touch-sensitive screen, etc.

[0052] One or more output components 244 of computing device 210 may generate output.
Examples of output are tactile, audio, and video output. Output components 244 of
computing device 210, in some examples, include a presence-sensitive screen, sound card,
video graphics adapter card, speaker, cathode ray tube (CRT) monitor, liquid crystal display
(LCD), or any other type of device for generating output to a human or machine. Output
components may include display components such as cathode ray tube (CRT) monitor, liquid
crystal display (LCD), Light-Emitting Diode (LED) or any other type of device for
generating tactile, audio, and/or visual output.

[0053] In some examples, presence-sensitive display 240 of computing device 210 may
include functionality of input component 242 and/or output components 244. In the example
of FIG. 2, presence-sensitive display 240 may include a presence-sensitive input component
264, such as a presence-sensitive screen or touch-sensitive screen. In some examples,
presence-sensitive input component 264 may detect an object at and/or near the presence-
sensitive input component. As one example range, presence-sensitive input component 264
may detect an object, such as a finger or stylus that is within two inches or less of presence-
sensitive input component 264. Presence-sensitive input component 264 may determine a
location (e.g., an (x,y) coordinate) of the presence-sensitive input component at which the
object was detected. In another example range, presence-sensitive input component 264 may
detect an object two inches or less from presence-sensitive input component 264 and other
ranges are also possible. Presence-sensitive input component 264 may determine the location
of presence-sensitive input component 264 selected by a user’s finger using capacitive,
inductive, and/or optical recognition techniques.

[0054] In some examples, presence-sensitive display 240 may also provide output to a user
using tactile, audio, or video stimuli as described with respect to output component 244. For
instance, presence-sensitive display 240 may include display component 262 that displays a
graphical user interface (e.g., GUI 114 of FIG. 1). Display component 262 may be any type
of output component that provides visual output, such as described with respect to output
components 244. While illustrated as an integrated component of computing device 210,

presence-sensitive display 240 may, in some examples, be an external component that shares
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a data or information path with other components of computing device 210 for transmitting
and/or receiving input and output. For instance, presence-sensitive display 240 may be a
built-in component of computing device 210 located within and physically connected to the
external packaging of computing device 210 (e.g., a screen on a mobile phone). In another
example, presence-sensitive display 240 may be an external component of computing device
210 located outside and physically separated from the packaging of computing device 210
(e.g., a monitor, a projector, etc. that shares a wired and/or wireless data path with a tablet
computer). In some examples, presence-sensitive display 240, when located outside of and
physically separated from the packaging of computing device 210, may be implemented by
two separate components: a presence-sensitive input component 264 for receiving input and a
display component 262 for providing output.

[0055] One or more storage components 248 within computing device 210 may store
information for processing during operation of computing device 210 (e.g., computing device
210 may store data accessed by modules 220, 222, 224, and 226 during execution at
computing device 210). In some examples, storage component 248 is a temporary memory,
meaning that a primary purpose of storage component 248 is not long-term storage. Storage
components 248 on computing device 210 may be configured for short-term storage of
information as volatile memory and therefore not retain stored contents if powered off.
Examples of volatile memories include random access memories (RAM), dynamic random
access memories (DRAM), static random access memories (SRAM), and other forms of
volatile memories known in the art.

[0056] Storage components 248, in some examples, also include one or more computer-
readable storage media. Storage components 248 in some examples include one or more
non-transitory computer-readable storage mediums. Storage components 248 may be
configured to store larger amounts of information than typically stored by volatile memory.
Storage components 248 may further be configured for long-term storage of information as
non-volatile memory space and retain information after power on/off cycles. Examples of
non-volatile memories include magnetic hard discs, optical discs, flash memories, or forms of
electrically programmable memories (EPROM) or electrically erasable and programmable
(EEPROM) memories. Storage components 248 may store program instructions and/or
information (e.g., data) associated with modules 220, 222, 224, and 226. Storage components
248 may include a memory configured to store data or other information associated with

modules 220, 222, 224, and 226, and data store 228.
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[0057] One or more processors 240 may implement functionality and/or execute instructions
associated with computing device 210. Examples of processors 240 include application
processors, display controllers, auxiliary processors, one or more sensor hubs, and any other
hardware configure to function as a processor, a processing unit, or a processing device.
Modules 220, 222, 224, and 226 may be operable by processors 240 to perform various
actions, operations, or functions of computing device 210. For example, processors 240 of
computing device 210 may retrieve and execute instructions stored by storage components
248 that cause processors 240 to perform the operations described herein that are attributed to
modules 220, 222, 224, and 226. The instructions, when executed by processors 240, may
cause computing device 210 to store information within storage components 248.

[0058] UI module 220 may include all functionality of Ul module 120 of computing device
110 of FIG. 1 and may perform similar operations as Ul module 120 for managing a user
interface (e.g., user interface 114) that computing device 210 provides at PSD 212 for
handling input from, and output to, a user. For example, Ul module 220 may generate
instructions or commands to cause PSD 212 to display user interface 114 and the elements
thereof. UI module 220 may be part of or associated with an operating platform of
computing device 210. For example, Ul module 220 may be a sub-module, service, or
activity of an operating system of computing device 210 as opposed to being a module or
application of computing device 210 that is separate from the computing platform or
operating system computing device 210.

[0059] RDMM 222 may include all functionality of RDMM 122 of computing device 110 of
FIG. 1 and may perform similar operations as RDMM 122 for dynamically generating
graphical user interfaces to enable a user of computing device 210 to control remote
computing devices 118 of computing device 210. RDMM 222 may communicate with
external systems and devices, such as remote computing devices 118 and ISS 117, to provide
a GUI for interacting with remote computing devices 118.

[0060] In some examples, one or more communication units of communication units 246
receives data broadcast by a remote computing device (e.g., remote computing device 118A).
In other words, computing device 210 receives a message broadcast by remote computing
device 118A. Computing device 210 receives the message broadcast by remote computing
device 118A without receiving a user input commanding the computing device 210 to
establish a communication session with the remote computing device 118A. In one example,
communication units 246 receive a short-wave radio signal that includes data from remote

computing device 118A, such as identification information of remote computing device 118A
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and state information for remote computing device 118 A. Communication unit 246 outputs
the data received from remote computing device 118A to RDMM 222 to enable a user of
computing device 210 to control remote computing device 118A.

[0061] Communication session manager (CSM) 224 of RDMM 222 may automatically
establish a wireless communication session between computing device 210 and remote
computing device 118A when the distance between computing device 210 and remote
computing device 118A satisfies (e.g., is less than) a threshold distance. For example, CSM
224 may communicatively couple remote computing device 118A and computing device 210
using a BLUETOOTH or WIFI DIRECT communication protocol without receiving a user
input to communicatively couple device 210 and 118A. In some examples, the threshold
distance at which CSM 224 establishes the communication session is a distance at which
communication unit 246 can detect a signal broadcast by remote computing device 118A.
[0062] GUI manager 226 of RDMM 222 automatically generates a GUI associated with
remote computing device 118 A when the distance between computing device 210 and remote
computing device 118A satisfies a threshold distance. In some examples, the threshold
distance at which GUI manager 226 generates the GUI associated with remote computing
device 118A is a distance at which communication unit 246 can detect a signal broadcast by
remote computing device 118A. In one example, communication units 246 includes an NFC
reader and GUI manager 226 automatically generates a GUI associated with remote
computing device 118A in response to receiving a signal at the NFC reader. Stated yet
another way, because the threshold distance may be a distance at which communication unit
246 can detect a signal broadcast by remote computing device 118A, GUI manager 226 may
generate the GUI associated with remote computing device 118A without determining a
distance between computing device 210 and remote computing device 118A.

[0063] While computing device 210 may not determine a distance between computing device
210 and remote computing device 118A, in some instances, computing device 210 may
determine a distance between computing device 210 and remote computing device 118. In
some examples, CSM 224 determines the distance based on one or more characteristics of the
signal received from remote computing device 118A, the information received from remote
computing device 118A, characteristics of computing device 210, or a combination thereof.
The characteristics of the signal may include a strength of the signal, an amount of time
between when the signal was sent by remote computing device 118A and when the signal
was received by computing device 210, among others. In some examples, the information

received from remote computing device 118A may include information indicating a current
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location of remote computing device 118A (e.g., GPS coordinates or a building or room in
which remote compute computing device 118A is located), or a power or signal strength of
the signal output by remote computing device 118A (e.g., which may indicate an approximate
broadcast distance for remote computing device 118A). In some examples, the
characteristics of computing device 210 include a current location of computing device 210.
In one example, characteristics of computing device 210 include a type of communication
unit 246 (e.g., which may indicate a distance at which communication unit 246 can detect a
signal or a threshold signal strength at which a signal is detectable), among others.

[0064] CSM 224 may determine the distance between computing device 210 and remote
computing device 118A based additionally or alternatively on data received from one or more
sensors 251. Sensors 251 may include an image sensor (e.g., a camera), an optical sensor, an
infrared sensor, an ultrasonic sensor, among others. In some examples, CSM 224 receives
image data from an image sensor and determines a distance between computing device 210
and remote computing device 118A based on the image data. As one example, CSM 224
may identify remote computing device 118A within an image (e.g., using image recognition
techniques), determine a number of pixels for remote computing device 118A, and determine
a distance to remote computing device 118A based on the number of pixels. In some
instances, CSM 224 may cause one or more sensors to emit a signal (e.g., light, sound, etc.)
and determine a distance between computing device 210 and remote computing device 118A
based on a reflection of the emitted signal (also referred to as a return signal).

[0065] In one scenario, after determining the distance between computing device 210 and
remote computing device 118A, CSM 224 compares to distance to a threshold distance to
determine whether that the distance between computing device 210 and remote computing
device 118A satisfies the threshold distance.

[0066] The threshold distance at which GUI manager 226 automatically generates the GUI
associated with remote computing device 118 A may be the same or different from the
threshold distance at which CSM 224 automatically establishes a wireless communication
session between computing device 210 and remote computing device 118A. For example,
CSM 224 may establish the communication session when the distance between computing
device 210 and remote computing device 118A satisfies (e.g., is less than) a first threshold
distance (e.g., 5 meters) and GUI manager 226 may generate the GUI associated with remote
computing device when the distance between computing device 210 and remote computing
device 118A satisfies a second threshold distance (e.g., 1 meter). For example, GUI manager

226 may refrain from initiating output of a GUI associated with remote computing device
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118A until the distance between computing device 210 and remote computing device 118A
satisfies a second (e.g., closer or smaller) threshold distance. In other words, in some
instances, GUI manager 226 does not cause PSD 212 to display the GUI associated with
remote computing device 118A until computing device 210 and remote computing device
118A are closer to one another. Utilizing different thresholds may enable computing device
210 to establish the communication session in the background without interrupting
interactions between computing device 210 and the user, and to enable computing device 210
to quickly and seamlessly communicate with remote computing device 118 A when the
distance between devices 210 and 118A gets within a second (e.g., closer) threshold distance.
[0067] GUI manager 226 may generate the GUI associated with remote computing device
118A in response to determining that the distance between computing device 210 and remote
computing device 118A satisfies a threshold distance. GUI manager 226generates, in some
examples, a GUI associated with remote computing device 118A using a template GUL
[0068] In some examples, GUI manager 226 selects a template GUI from a plurality of
template GUIs to display at least a portion of the state information associated with remote
computing device 118A. GUI manager 226 may select a template GUI from the plurality of
template GUIs based on the identification information for remote computing device 118A, an
operating state of computing device 210, or a combination thereof. The identification
information may indicate a type (e.g., model, manufacturer, appliance type) of remote
computing device 118. In one example, the type of computing device indicates remote
computing device 118A is a household appliance (e.g., kitchen appliance, such as a
dishwasher or oven; a laundry appliance, such as a clothes washer, clothes dryer; or utility
appliance, such as HVAC, water softener, etc.), vehicle, among others. In another example,
the class of remote computing device may refer to a clock, a thermostat, a boat, an
automobile, etc. The operating state of computing device 210 may include a lock status or
display status of computing device 210.

[0069] GUI manager 226 generates a GUI associated with remote computing device 118A
using the selected template GUI. Computing device 210 may store information for (e.g., data
used to generate) one or more plurality of template GUIs in template GUI data store 228. For
example, template GUI data store 228 may include information indicating a display location
for each of the template GUIs, a display size for each template GUI (e.g., number of pixels),
size, location, and/or number of graphical elements within the template GUI, formatting

information (e.g., font type, size, color, etc.) of the graphical elements, and so forth). In
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another example, GUI manager 226 queries another computing device (e.g., ISS 117) for the
information associated with a template GUL

[0070] In some examples, GUI manager 226 populates the template GUI with the
information associated with operations that remote computing device 118A is configured to
perform. GUI manager 226 determines one or more operations that remote computing device
118A is configured to perform based on the identification information for remote computing
device 118A, the state information for remote computing device 118A, or both. In one
instance, the state information received by computing device 210 may include data that
indicates the set of operations that remote computing device 118A is configured to perform,
and GUI manager 226 may parse the state information for remote computing device 118A to
determine a set of operations that remote computing device 118A is configured to perform.
In another instance, GUI manager 226 may determine a set of operations that remote
computing device 118A is configured to perform by query data store 230 based on the
identification information for remote computing device 118A. In yet another instance, RDM
222 may query ISS 117 based on the identification information to determine a set of
operations that remote computing device 118A is configured to perform.

[0071] Responsive to generating the GUI associated with remote computing device 118A
(e.g., GUI 114 of FIG. 1), GUI manager 226 outputs the GUI to UI module 220, which
causes PSD 212 to display the GUI associated with remote computing device 118A. In some
examples, the GUI associated with remote computing device 118A includes a plurality of
graphical elements (e.g., textboxes, images, icons, etc.). In some examples, the graphical
elements of GUI 114 include information indicative of one or more respective operations that
remote computing device 118A is configured to perform, identification information for
remote computing device 118A, and/or state information for remote computing device 118A.
In one example, GUI 114 associated with remote computing device 118A includes graphical
elements 134 that each include information indicative of one or more respective operations
that remote computing device 118A is configured to perform, graphical element 132 that
includes information indicative of a state of computing device 110 (e.g., a time for which an
alarm of computing device 110 is set, and graphical element 130 that includes identification
information for remote computing device 118A and/or state information for remote
computing device 118A

[0072] CSM 224 may, in some examples, output a command to remote computing device
118A to perform an operation in response to receiving a user input selecting a graphical

element (e.g., graphical element 134A of GUI 114 of FIG. 1) corresponding to an operation
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that remote computing device 118A is configured to perform. Presence-sensitive input
component 264 of PSD 212 may detect a user input selecting a graphical element 134A of the
GUI associated with remote computing device 118A that is displayed by display component
262 of PSD 212. UI module 220 may interpret the input to determine a display location of
PSD 212 at which the input was detected and determine whether any of graphical elements
associated with operations of remote computing device 118A (e.g., graphical element 134A of
FIG. 1) are located at that location. UI module 220 may determine that a particular graphical
element 134A associated with a particular operation of remote computing device 118A was
displayed at the location of PSD 212 where the user input was detected, and may output data
indicating that graphical element 134A was selected to RDMM 222.

[0073] Responsive to receiving data indicating that a particular graphical element 134A of
the GUI associated with remote computing device 118A was selected, CSM 224 of RDMM
222 determines an operation corresponding to the selected graphical element 134A and
transmits an indication of the operation to remote computing device 118A. For example,
CSM 224 may output a command to perform the operation corresponding to the selected
graphical element. CSM 224 may output the command to remote computing device 118A
using one of communication units 246. In some examples, CSM 224 outputs the command
using one of communication units 246 that is different than the communication unit 246 that
received a signal used to determine the distance between computing device 210 and remote
computing device 118A. For example, computing device 210 may determine a distance
between computing device 210 and remote computing device 118A based on a signal
received (e.g., that includes an initial message or broadcast) from remote computing device
118A using one communication unit 246 (e.g., using NFC), and output the command to
perform the operation using a different communication unit (e.g., using BLUETOOTH or
WIFI DIRECT).

[0074] In some examples, computing device 210 may output a command to perform an
operation to remote computing device 118A in response to determining that computing
device 210 has physically contacted remote computing device 118A. CSM 224 may
determine that determine that computing device 210 has physically contacted remote
computing device 118A based on motion sensor data generated by one or more motion
sensors 250 and communication data received by one or more of communication units 246.
Examples of motion sensors 250 include accelerometers and gyroscopes, among others. In
one scenario, CSM 224 determines that computing device 210 contacted an object in

response to receiving motion data (e.g., accelerometer data) that indicates computing device
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210 traveled in a first direction (e.g., as computing device 210 travels toward remote
computing device 118A) during a first time interval followed by a sharp change in direction
during a second time interval (e.g., in a substantially opposite direction after computing
device 210 reflects or bounces off remote computing device 118A). CSM 224 may determine
that computing device 210 and remote computing device 118A are within a threshold distance
of one another based on data received from remote computing device 118A using one of
communications units 246 (e.g., an NFC reader). In one example, CSM 224 may determine
that computing device 210 physically contacted remote computing device 118A in response
to determining that computing device 210 contacted an object and the computing device 210
and remote computing device 118A are within a threshold distance. In response to
determining that computing device 210 physically contacted remote computing device 210,
computing device 210 may output a command to perform a predetermined operation
associated with physical contact between the devices.

[0075] In some examples, CSM 224 may output a command to perform an operation to
remote computing device 118A via ISS 117 of FIG. 1, such that ISS 117 may forward an
indication of the command (e.g., the command itself, or data representing the command) to
remote computing device 118A. Responsive to receiving the command, remote computing
device 118A may perform the operation included in the command.

[0076] After outputting or transmitting the command indicating the operation to be
performed by remote computing device 118A, GUI manager 226 may update the GUI
associated with remote computing device 118A. In some examples, GUI manager 226 may
update the graphical user interface associated with remote computing device 118A in
response to receiving an updated message from remote computing device 118A. For
instance, in response to commanding remote computing device 118A to update the time for
which an alarm is set, remote computing device 118 A may update the time to which the
alarm is set and may broadcast a message indicating the updated information (e.g., update
state information, such as the updated time to which the alarm is now set) for remote
computing device 118A. GUI manager 226 may receive the updated message with updated
information for remote computing device 118A and may update GUI 114 based on the
updated information. For example, GUI manager 226 may receive data from remote
computing device 118A indicating the time for which the alarm is set and update GUI 114 to
include the updated time for the alarm.

[0077] GUI manager 226 may output another GUI that does not include information

associated with remote computing device 118 A when the distance between computing device
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210 and remote computing device 118A no longer satisfies the threshold distance. In other
words, CSM 224 may terminate the communication session and GUI manager 226 may
automatically cause PSD 212 to remove the information associated remote computing device
118A from the user interface displayed by PSD 212 when the distance no longer satisfies the
threshold distance. Said yet another way, PSD 212 may automatically output a GUI
associated with remote computing device 118A when a user of computing device 210 brings
computing device 210 and remote computing device 118A to within a threshold distance of
one another, and may automatically remove the GUI associated with computing device 118A
from the interface displayed by PSD 212 when the user of computing device 210 separates
computing device 210 and remote computing device 118A by at least the threshold distance.
As one example, in an example where computing device 118A includes an alarm clock,
rather than requiring a user of computing device 210 to open an application and navigate
through various screens or menus to control the alarm clock, GUI manager 226 may
automatically output a GUI associated with the alarm clock that enables a user of computing
device 210 to update the alarm clock (e.g., set alarms, change times for which alarms are set,
change the current time, silence alarms, etc.) when the user approaches the alarm clock, and
may automatically remove the GUI associated with the alarm clock as the user walks away
from the alarm clock.

[0078] In some examples, GUI manager 226 removes the information associated with remote
computing device 118A from the user interface displayed by PSD 212 in response to a user
input indicating a command to remove the information associated with remove computing
device 118A from the user interface. For example, PSD 212 may detect a tap, swipe, or other
user input indicative of a command to remove the information associated with remote
computing device 118A from the user interface, and GUI manager 226 of may interpret the
user input and cause PSD 212 to remove the information associated with remote computing
device 118A from the GUIL. As another example, GUI manager 226 removes the GUI
associated with remote computing device 118A in response to determining that the user has
not interacted with the GUI associated with remote computing device 118A within a
threshold amount of time.

[0079] FIGS. 3A-3D are conceptual diagrams illustrating an example graphical user
interfaces presented by an example computing device that is configured to dynamically
generate graphical interfaces for controlling remote computing devices, in accordance with
one or more aspects of the present disclosure. FIGS. 3A-3D are described below in the

context of system 100 of FIG. 1.
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[0080] In the example of FIG. 3A, computing device 110 outputs a GUI 314A. GUI 300A
may include information associated with an application executing at computing device 110
and/or an operating system executing at computing device 110. In the example of FIG. 3A,
GUI 300A includes information for a home screen of the operating system executing at
computing device 110.

[0081] As described above, computing device 110 may receive information broadcast by a
remote computing device (e.g., a countertop speaker) 118A of FIG. 1 and automatically
output GUI 314B associated with a remote computing device 118 A when the distance
between computing device 110 and remote computing device 118A satisfies a threshold
distance. For example, when the distance satisfies the threshold distance, computing device
110 may automatically establish a communication session between computing device 110
and remote computing device 118A without user input and output GUI 314B. GUI 314B
includes graphical element 320 associated with remote computing device 118A. In the
example of FIG. 3B, graphical element 320 indicates that remote computing device 118A is
within a threshold distance of computing device 210.

[0082] As illustrated in FIG. 3C, computing device 110 outputs GUI 314C associated with
remote computing device 118A. In some examples, computing device 110 outputs GUI
314C in response to receiving a user input selecting graphical element 320 of FIG. 3B. In
another example, computing device 110 may output GUI 314C when the distance between
computing device 110 and remote computing device 118A satisfies (e.g., is less than) a
different threshold distance. Computing device 110 generates GUI 314A based on a template
GUI and information associated with one or more operations that remote computing device
118A is configured to perform. In the example of FIG. 3C, GUI 314C includes graphical
elements 334A-334C (collectively, graphical elements 334) which may include information
indicative of one or more respective operations that remote computing device 118A is
configured to perform. In some examples, graphical element 330 includes identification
information for remote computing device 118A and/or state information for remote
computing device 118A. In the example of FIG. 3C, the identification information displayed
by graphical element 330 indicates a type of the remote computing device 118A (e.g.,
“Kitchen Speaker,” “Smart Display,” “Sound Bar,” etc.). As illustrated in FIG. 3C, the state
information displayed by graphical element 330 includes an indication of what (if any) audio
is currently being output by remote computing device 118 A and an amount of time left on a
timer kept by remote computing device 118A (e.g., 5:25 remaining). Graphical element 332

may include information indicative of one a state of computing device 110 (e.g., a status of a
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music player and/or a status of a call). Responsive to generating GUI 314C, RDMM 122
outputs GUI 314C to UI module 120, which causes PSD 112 to display GUI 314C.

[0083] Computing device 110 may output a GUI 300D that does not include information
associated with remote computing device 118A when the distance between remote computing
device 118A and computing device 110 no longer satisfies a threshold distance (e.g., either
the first threshold distance or the second threshold distance). For example, computing device
110 may terminate the communication session between computing device 110 and remote
computing device 110 and may remove the information associated with remote computing
device 118A from the GUI displayed by PSD 112.

[0084] FIG. 4 is a flowchart illustrating example operations performed by an example
computing device that dynamically generate graphical interfaces for controlling remote
computing devices, in accordance with one or more aspects of the present disclosure. FIG. 4
is described in the context of FIG. 1.

[0085] Computing device 110 receives data via a signal from remote computing device 118A
using a short-wave wireless communication unit (402). The data received from remote
computing device 118A may include state information of the remote computing device 118A
and identification information for the remote computing device 118A. Examples of state
information include information indicative of one or more characteristics of remote
computing device 118A, operations remote computing device 118A is configured to perform,
or both.

[0086] Computing device 110 may determine whether a distance between computing device
110 and remote computing device 118A satisfies (e.g., is less than) a threshold distance
(404). In some examples, computing device 110 determines a distance between computing
device 110 and remote computing device 118A based on one or more characteristics of the
signal received from remote computing device 118A and/or the data include in the signal.
For instance, computing device 110 may determine the distance based on the strength of the
signal, a time for the signal to travel between remote computing device 118A and computing
device 110, location information included in the signal, or a combination thereof. Responsive
to determining that the distance does not satisfy the threshold distance (“NO” branch of 404),
computing device 110 may output a GUI that does not include information associated with
remote computing device 118A (405) (e.g., by continuing to output the same GUI as
displayed immediately prior to determining that the distance does not satisfy the threshold
distance) and re-calculate the distance to determine whether the distance satisfies the

threshold distance.
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[0087] In the example of FIG. 4, computing device 110 determines a particular template GUI
from a plurality of template GUIs (406) in response to determining that the distance satisfies
the threshold distance (“YES” branch of 404). Computing device 110 may determine or
select a particular GUI based on the identification information received from remote
computing device 118A, a state of computing device 110, or both. For example, computing
device 110 may select different template GUIs depending on the state of computing device
110 (e.g., unlocked vs locked, displaying a home screen GUI for the operating system vs an
application GUI associated with an application installed at computing device 110). As
another example, computing device 110 may select different template GUIs based on the type
of remote computing device 118A (e.g., clock, radio, household appliance, vehicle, etc.).
[0088] Computing device 110 determines, in some examples, one or more operations that
remote computing device 118A is configured to perform (408). As one example, computing
device 110 determines the one or more operations based on the state information for remote
computing device 118A. For example, the state information may specify a set of operations
remote computing device 118A is configured to perform. As another example, computing
device 110 may determine the operations remote computing device 118A is configured to
perform based on the identification information for remote computing device 118A. For
example, computing device 110 may determine a type of remote computing device 118A
based on the identification information and may determine operations remote computing
device 118A is configured to perform based on the type.

[0089] Computing device 110 outputs a GUI (e.g., GUI 114) that includes one or more
graphical elements that each correspond to a respective operation that remote computing
device 118A is configured to perform (410). For example, the determined template GUI
includes one or more graphical elements for respective operations that remote computing
device 118A is configured to perform, and computing device 110 generates the GUI 114
associated with remote computing device 118A by populating the graphical elements of the
particular template GUI with information indicative of one or more respective operations that
remote computing device 118A is configured to perform.

[0090] After displaying GUI 114 associated with remote computing device 118A, computing
device 110 may receive a user input selecting a particular graphical element of the one or
more graphical elements (412). For example, PSD 112 may detect a user input selecting a
graphical element of GUI 114 and computing device 110 may determine the operation of

remote computing device 118A that is associated with the selected graphical element.
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[0091] In the example of FIG. 4, computing device 110 transmits an indication of the
operation corresponding to the particular graphical element to remote computing device
118A (414). Computing device 110 may transmit or output data indicative of the operation to
remote computing device directly or indirectly (e.g., via ISS 117). For example, computing
device 110 may output a command to remote computing device 118A to perform the
operation associated with the selected graphical element using the same short-range wireless
communication unit that received the data from remote computing device 118A or a different
short-range wireless communication. In some examples, computing device 110 receives the
data from remote computing device 118A using a first short-range wireless communication
unit (e.g., using the NFC protocol) and transmits the command to remote computing device
using a second, different short-range wireless communication unit (e.g., using a
BLUETOOTH or a WIFI DIRECT protocol). Responsive to transmitting the indication of
the operation to remote computing device 118A, computing device 110 may receive updated
data (e.g., a second signal) from remote computing device 118A (e.g., using either the first
short-range wireless communication unit or the second short-range wireless communication
unit).

[0092] In one or more examples, the functions described may be implemented in hardware,
hardware and software, hardware and firmware, or any combination thereof. If implemented
in software, the functions may be stored on or transmitted over, as one or more instructions or
code, a computer-readable medium and executed by a hardware-based processing unit.
Computer-readable medium may include computer-readable storage media or mediums,
which corresponds to a tangible medium such as data storage media, or communication
media including any medium that facilitates transfer of a computer program from one place to
another, e.g., according to a communication protocol. In this manner, computer-readable
medium generally may correspond to (1) tangible computer-readable storage media, which is
non-transitory or (2) a communication medium such as a signal or carrier wave. Data storage
media may be any available media that can be accessed by one or more computers or one or
more processors to retrieve instructions, code and/or data structures for implementation of the
techniques described in this disclosure. A computer program product may include a
computer-readable medium.

[0093] By way of example, and not limitation, such computer-readable storage media can
comprise RAM, ROM, EEPROM, CD-ROM or other optical disk storage, magnetic disk
storage, or other magnetic storage devices, flash memory, or any other storage medium that

can be used to store desired program code in the form of instructions or data structures and
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that can be accessed by a computer. Also, any connection is properly termed a computer-
readable medium. For example, if instructions are transmitted from a website, server, or
other remote source using a coaxial cable, fiber optic cable, twisted pair, digital subscriber
line (DSL), or wireless technologies such as infrared, radio, and microwave, then the coaxial
cable, fiber optic cable, twisted pair, DSL, or wireless technologies such as infrared, radio,
and microwave are included in the definition of medium. It should be understood, however,
that computer-readable storage mediums and media and data storage media do not include
connections, carrier waves, signals, or other transient media, but are instead directed to non-
transient, tangible storage media. Disk and disc, as used herein, includes compact disc (CD),
laser disc, optical disc, digital versatile disc (DVD), floppy disk and Blu-ray disc, where disks
usually reproduce data magnetically, while discs reproduce data optically with lasers.
Combinations of the above should also be included within the scope of computer-readable
medium.

[0094] Instructions may be executed by one or more processors, such as one or more digital
signal processors (DSPs), general purpose microprocessors, application specific integrated
circuits (ASICs), field programmable logic arrays (FPGAs), or other equivalent integrated or
discrete logic circuitry. Accordingly, the term “processor,” as used herein may refer to any of
the foregoing structure or any other structure suitable for implementation of the techniques
described herein. In addition, in some aspects, the functionality described herein may be
provided within dedicated hardware and/or software modules. Also, the techniques could be
fully implemented in one or more circuits or logic elements.

[0095] The techniques of this disclosure may be implemented in a wide variety of devices or
apparatuses, including a wireless handset, an integrated circuit (IC) or a set of ICs (e.g., a
chip set). Various components, modules, or units are described in this disclosure to
emphasize functional aspects of devices configured to perform the disclosed techniques, but
do not necessarily require realization by different hardware units. Rather, as described above,
various units may be combined in a hardware unit or provided by a collection of
interoperative hardware units, including one or more processors as described above, in
conjunction with suitable software and/or firmware.

[0096] Various embodiments have been described. These and other embodiments are within

the scope of the following claims.
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WHAT IS CLAIMED IS:

1. A method comprising:
receiving, by a first computing device and from a second computing device, using a
short-range wireless communication unit of the first computing device, data including state
information of the second computing device and identification information for the second
computing device; and
responsive to a distance between the first computing device and the second computing
device satisfying a threshold distance:
determining, by the first computing device and based on the identification
information, a particular template graphical user interface from a plurality of template
graphical user interfaces;
determining, by the computing device and based on the state information, one
or more operations the second computing device is configured to perform;
outputting, by the first computing device and using the particular template
graphical user interface, a graphical user interface associated with the remote
computing device and that includes one or more graphical elements that each
correspond to a respective operation of the one or more operations the second
computing device is configured to perform;
receiving, by the first computing device, a user input selecting a particular
graphical element of the one or more graphical elements; and
transmitting, by the first computing device and to the second computing
device, an indication of the operation corresponding to the particular graphical

element.
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2. The method of claim 1, further comprising:
establishing a communication session between the first computing device and the
second computing device in response to the distance between the first computing device and
the second computing device satistfying the threshold distance; and
after transmitting the indication of the operation to the second computing device and
responsive to the distance between the first computing device and the second computing
device no longer satisfying the threshold distance:
terminating the communication session; and
outputting, by the first computing device, an updated graphical user interface
that does not include the graphical user interface associated with the remote

computing device.

3. The method of any one of claims 1-2, further comprising:

determining, by the first computing device, a distance between the first computing
device and the second computing device; and

determining, by the first computing device, whether the distance between the first

computing device and the first computing device satisfies the threshold distance.

4. The method of claim 3, wherein determining the distance between the first computing
device and the second computing device comprises determining, by the computing device,

the distance between the first computing device and the second computing device based on a
characteristic of a signal received by the short-range wireless communication unit, the signal

including the state information and the identification information.

5. The method of claim 4,

wherein the short-range wireless communication unit is a first short-range wireless
communication unit,

wherein transmitting the indication of the operation corresponding to the particular
graphical element includes transmitting, by the first computing device and using a second
short-range wireless communication unit, the indication of the operation corresponding to the

particular graphical element.
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6. The method of any one of claims 1-5, wherein receiving the state information and the
identification information includes automatically receiving the state information and
identification information without receiving a user input commanding the first computing

device to establish a communication session with the second computing device.

7. The method of any one of claims 1-6, wherein the threshold distance is a first
threshold distance, the method further comprising:

further responsive to the distance between the first computing device and the second
computing device satisfying the first threshold distance, outputting a graphical element
indicating the first computing device is within the first threshold distance; and

responsive to the distance between the first computing device and the second
computing device satisfying a second threshold distance, outputting the graphical user
interface that includes the one or more graphical elements that each correspond to a

respective operation the second computing device is configured to perform.

8. The method of any one of claims 1-7, wherein the threshold distance is a second
threshold distance, the method further comprising:

responsive to the distance between the first computing device and the second
computing device satisfying a first threshold distance, automatically establishing, by the first
computing device, a wireless communication session between the first computing device and
the second computing device and temporarily refraining from initiating output of the
graphical user interface associated with the second computing device,

wherein outputting the graphical user interface includes outputting the graphical user
interface in response to determining that the distance between the first computing device and
the second computing device satisfies the second threshold distance, the second threshold

distance being less than the first threshold distance.
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0. The method of any one of claims 1-8,

detecting, by the first computing device, physical contact between the first computing
device and the second computing device, wherein physical contact between the first
computing device and the second computing device is associated with a predetermined
operation of the one or more operations the second computing device is configured to
perform; and

responsive to detecting the physical contact, transmitting, by the first computing

device and to the second computing device, an indication of the predetermined operation.

10. The method of any one of claims 1-9, wherein determining the particular template
graphical user interface is based at least in part on an operating state of the first computing

device.

1. The method of any one of claims 1-10, wherein the identification information

indicates a type of the second computing device.

12. The method of any one of claims 1-11,

wherein the state information includes information indicative one or more operational
parameters of the second computing device, and

wherein the graphical user interface further includes information indicative of the one

or more operational parameters of the second computing device.

13. A computing device comprising:
at least one processor; and
memory comprising instructions that, when executed by the at least one processor,

cause the at least one processor to perform the method of any one of claims 1-12.

14. A computing system comprising means for performing the method of any one of

claims 1-12.
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15. A computer-readable storage medium comprising instructions that, when executed by
at least one processor of a computing device, cause the at least one processor to perform the

method of any one of claims 1-12.
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