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WIRELESS DEVICE PAIRING MANAGEMENT

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims priority to and the benefit of United States utility patent
application no. 14/717,436, filed on May 20, 2015, entitted WIRELESS DEVICE
PAIRING MANAGEMENT, which is incorporated herein in its entirety.

FIELD
The embodiments discussed in the present disclosure are related to wireless

device pairing management.

BRIEF DESCRIPTION OF THE DRAWINGS

Example embodiments will be described and explained with additional specificity
and detail through the use of the accompanying drawings in which:

FIG. 1 illustrates a block diagram of an example system configured to manage
wireless device pairings;

FIG. 2 illustrates a block diagram of an example computing system;

FIG. 3 is a flowchart of an example method to manage wireless device pairings;
and

FIG. 4 is a flowchart of another example method to manage wireless device

pairings.

DESCRIPTION OF EMBODIMENTS

As detailed below, in the present disclosure, reference is made to “short-range
wireless communications.” The use of the term “short-range wireless communications”
may refer to wireless communications and protocols that may allow devices to establish
wireless connections for communication with other wireless devices over a relatively
small range (e.g., approximately less than 20 meters). Examples of commonly used
short-range wireless communications are Bluetooth Class 2 and Class 3 communications
with protocols that are managed by the Bluetooth Special Interest Group (SIG) and that
have ranges of approximately ten meters and one meter, respectively. Examples of
wireless communications that may not be considered “short-range” wireless

communications in the present disclosure include wireless communications performed
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2
under the IEEE 802.11 protocol (commonly referred to as WiFi®) and wireless
communications performed with respect to cellular type communications.

Further, wireless devices that are enabled with short-range wireless
communication capabilities may be referred to as “short-range devices” in the present
disclosure. Additionally, wireless devices that are specifically enabled with Bluetooth
communication capabilities may be referred to as “Bluetooth devices.”

Moreover, use of the term “pairing” in the present disclosure may refer to the
establishment or presence of a short-range wireless connection between two short-range
devices. Also, the term “pairing” in the present disclosure may include the establishment
or presence of a direct short-range wireless connection between respective short-range
devices or may include the establishment or presence of an indirect short-range wireless
connection between respective short-range devices in which one or more other short-
range wireless devices may relay short-range wireless communications between the
short-range devices that may correspond to a particular pairing. Further, a particular
short-range device may be paired (directly or indirectly) with more than one other short-
range device at any particular time.

The number of short-range devices has increased substantially in recent years.
For example, the number of Bluetooth devices such as smartphones, speakers,
headphones, keyboards, mice, etc. has steadily grown in the past years. As such, in many
instances, the number of possible short-range devices with which a particular short-range
device may be paired (e.g., establish a Bluetooth connection) may be greater than one. In
many of these instances, a user may have to manually pair or unpair sets of short-range
devices to obtain a target pairing.

Therefore, according to one or more embodiments of the present disclosure one
or more connection priorities may be determined with respect to pairings of different
short-range devices. Additionally or alternatively, the pairings between the short-range
devices may be managed based on the connection priorities in a manner that reduces or
eliminates a user having to manually pair or unpair sets of short-range devices to obtain a
target pairing.

Turning to the figures, FIG. 1 illustrates an example system 100 configured to
manage pairings of short-range devices, according to at least one embodiment described
in the present disclosure. The system 100 may include a control system 104, a first
destination device 106a, a first source device 108a, a second destination device 106b,

and a second source device 108b.
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The destination devices 106 and the source devices 108 may include short-range
devices such that they may be configured to perform short-range wireless
communications with one or more other short-range devices. Additionally or
alternatively, in some embodiments, the control system 104 may include a short-range
device such that the control system 104 may be configured to perform short-range
wireless communications with one or more other short-range devices also.

The destination devices 106 may include any suitable short-range device that may
be configured to pair with a short-range device in a manner in which information may be
primarily received by the destination devices 106 over a respective short-range wireless
connection via a respective short-range wireless communication. Examples of the
destination devices 106 may include a speaker, headphones, an automobile control
module, a tablet computer, a smartphone, a laptop computer, a desktop computer, etc.

The source devices 108 may include any suitable short-range device that may be
configured to pair with a short-range device in a manner in which information may be
primarily transmitted by the source devices 108 over a respective short-range wireless
connection via a respective short-range wireless communication. Examples of the source
devices 108 may include a tablet computer, a smartphone, a laptop computer, a desktop
computer, a music player, a video player, etc.

In the illustrated example, the first destination device 106a may be configured to
pair with the first source device 108a or the second source device 108b. Additionally, the
first destination device 106a may be configured to pair with both the first source device
108a and the second source device 108b at the same time or at different times.
Additionally or alternatively, the second destination device 106b may be configured to
pair with the second source device 108b or the first source device 108a. Additionally, the
second destination device 106b may be configured to pair with both the first source
device 108a and the second source device 108b at the same time or at different times.

The terms “destination device” and “source device” are used to describe short-
range devices with respect to operations that may be performed with respect to a
particular pairing and are not mutually exclusive terms with respect to any particular
short-range device. In some instances, a short-range device may be considered a source
device with respect to a particular pairing and may be considered a destination device
with respect to another pairing. For example, in some instances, a tablet computer may
be paired with a speaker in which the speaker may play music based on communications

received from the tablet computer via a respective short-range connection. Additionally,
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the tablet computer may also be paired with a keyboard in which the tablet computer
may receive instructions from the keyboard via the respective short-range connection.
The tablet computer may be considered a source device with respect to the pairing with
the speaker and the tablet computer may be considered a destination device with respect
to the pairing with the keyboard.

The control system 104 may include any suitable system, apparatus, or device
that may be configured to manage pairings between the destination devices 106 and the
source devices 108 via a control module 102. For example, the control system 104 may
include a server, a laptop computer, a desktop computer, a smartphone, a standalone
device specifically configured to perform the respective operations, etc. Although
illustrated separately, in some embodiments, the control system 104 may be included in
one or more of the destination devices 106 or the source devices 108. Further, in some
embodiments, the control system 104 may be implemented as a computing system such
as that described below with respect to FIG. 2.

In some embodiments, the control module 102 may include code and routines
configured to enable the control system 104 to manage the pairings of the destination
devices 106 with the source devices 108. Additionally or alternatively, the control
module 102 may be implemented using hardware including a processor, a
microprocessor (e.g., to perform or control performance of one or more operations), a
field-programmable gate array (FPGA), or an application-specific integrated circuit
(ASIC). In some other instances, the control module 102 may be implemented using a
combination of hardware and software. In some embodiments, the control module 102
may be an example of a control means for managing pairings of short-range devices. In
the present disclosure, operations described as being performed by the control module
102 may include operations that the control module 102 may direct the control system
104 to perform.

In some embodiments, the control module 102 may be configured to determine
one or more short-range wireless connection priorities for pairings between the
destination devices 106 and the source devices 108. For example, the control module 102
may be configured to determine one or more connection priorities with respect to a first
pairing between the first destination device 106a and the first source device 108a, a
second pairing between the first destination device 106a and the second source device

108b, a third pairing between the second destination device 106b and the first source
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device 108a, and a fourth pairing between the second destination device 106b and the
second source device 108b.

The control module 102 may be configured to determine the short-range wireless
connection priorities based on device types of the source devices 108 and of the
destination devices 106 in some embodiments. The device types may include a
smartphone type, a tablet computer type, a keyboard type, a mouse type, a music player
type, a video player type, a desktop computer type, an automobile control module type, a
speaker type, a headphones type, etc.

An example short-range wireless connection priority based on type may include a
smartphone having a higher short-range wireless connection priority with an automobile
control module than a music player because the smartphone may be able to direct both
calls and music through the automobile control module via a respective pairing whereas
the music player may not be able to direct calls through the automobile control module.
Another example short-range wireless connection priority based on type may include a
tablet computer having a higher short-range wireless connection priority with a keyboard
than a smartphone because the keyboard may be more likely to be used with the tablet
computer than with the smartphone.

As another example, a speaker may have a higher or lower short-range wireless
connection priority than headphones depending on the device type of the associated
source device with which the pairing may be made. For instance, the speaker may have a
higher short-range wireless connection priority than headphones with respect to pairing
with a laptop computer but may have a lower short-range wireless connection priority
than the headphones with respect to pairing with a smartphone. The example short-range
wireless connection priorities and associated reasons given with respect to device type
are not limiting and merely given for illustrative purposes.

Additionally or alternatively, the control module 102 may be configured to
determine the short-range wireless connection priorities based on type of use of the
source devices 108 with respect to their respective possible pairings and type of use of
the destination devices 106 with respect to their respective possible pairings. The types
of uses of source devices 108 and the destination devices 106 with respect to their
possible pairings may include music streaming, video streaming, phone calls, keyboard
instructions, mouse instructions, etc.

For example, the first source device 108a may include a first smartphone running

a music playing application and the second source device 108b may include a second
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smartphone in a standby mode. Further, the first destination device 106a may include an
automobile control module in an audio receiving mode via short-range communications
(e.g., in an audio receiving mode via Bluetooth). The control module 102 may prioritize
the first pairing between the first source device 108a and the first destination device 106a
over the second pairing between the second source device 108b and the first destination
device 106a based on the use of the first source device 108a of running the music playing
application, the use of the second source device 108b being in standby mode, and the
automobile control module being in the audio receiving mode.

As another example, the first source device 108a may include the first
smartphone running the music playing application and the second source device 108b
may include the second smartphone receiving a phone call. Further, the first destination
device 106a may include the automobile control module. The control module 102 may
prioritize the second pairing between the second source device 108b and the first
destination device 106a over the first pairing between the first source device 108a and
the first destination device 106a based on the use of the second source device 108b of
receiving the call.

In yet another example, the first source device 108a may include a keyboard and
the second source device 108b may include a first tablet computer running a music
playing application. Further, the first destination device 106a may include headphones
and the second destination device 106b may include a second table computer running an
email application. The control module 102 may prioritize the third pairing between the
first source device 108a and the second destination device 106b over other pairings with
respect to the first source device 108a or the second destination device 106b (e.g., over
the first and fourth pairings) based on the use of the email application by the second
destination device 106b. Additionally or alternatively, the control module 102 may
prioritize the second pairing between the second source device 108b and the first
destination device 106a over other pairings with respect to the second source device
108b or the first destination device 106a (e.g., over the first and fourth pairings) based on
the use of the second source device 108b of running the music playing application.

In another example, the first source device 108a may include the first
smartphone, the first destination device 106a may include a calling headset, and the
second destination device 106b may include a speaker. During a first moment of time,
the first source device 108a may be running a music playing application and during a

second moment of time, the first source device 108a may be receiving a phone call. In
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some embodiments, the control module 102 may prioritize the third pairing of the first
source device 108a with the second destination device 106b over the first pairing of the
first source device 108a with the first destination device 106a during the first moment of
time based on the running of the music playing application during the first moment of
time. Additionally or alternatively, the control module 102 may prioritize the first pairing
of the first source device 108a with the first destination device 106a over the third
pairing of the first source device 108a with the second destination device 106b during the
second moment of time based on the phone call that may be occurring during the second
moment of time. The example short-range wireless connection priorities and associated
reasons given with respect to use are not limiting and are merely given for illustrative
purposes.

Additionally or alternatively, the control module 102 may be configured to
determine the short-range wireless connection priorities based on context of use of the
source devices 108 and context of use of the destination devices 106. The context of uses
of source devices 108 and the destination devices 106 may include ownership of the
source devices 108 and the destination devices 106 and locations of the destination
devices 106 and the source devices 108 with respect to each other.

For example, the first source device 108a and the first destination device 106a
may be owned by a first user and the second source device 108b and the second
destination device 106b may be owned by a second user. Based on this ownership, the
control module 102 may be configured to prioritize the first pairing of the first source
device 108a with the first destination device 106a over the third pairing of the first
source device 108a with the second destination device 106b. Similarly, the control
module 102 may be configured to prioritize the fourth pairing of the second source
device 108b with the second destination device 106b over the second pairing of the
second source device 108b with the first destination device 106a based on the ownership.

As another example, the first source device 108a may be a first distance away
from the first destination device 106a and may be a second distance away from the
second destination device 106b. The first distance may be greater than the second
distance. The control module 102 may be configured to determine at least an estimate of
the first and second distances (e.g., based on received signal strengths of wireless
signals). Based on the first distance being smaller than the second distance, the control
module 102 may be configured to prioritize the first pairing of the first source device

108a with the first destination device 106a over the third pairing of the first source
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device 108a with the second destination device 106b. Additionally, the second source
device 108b may be a third distance away from the first destination device 106a that may
be less than the first distance. The control module 102 may be configured to also at least
estimate the third distance and compare it with the first distance. Based on the
comparison indicating that the third distance may be less than the first distance, the
control module 102 may prioritize the second pairing of the second source device 108b
with the first destination device 106a over the first pairing of the first source device 108a
with the first destination device 106a.

The example short-range wireless connection priorities and associated reasons
given with respect to context of use of the source devices 108 and the destination devices
106 are not limiting and are merely given for illustrative purposes.

In these or other embodiments, the control module 102 may be configured to
determine the short-range wireless connection priorities based on privacy considerations.
The privacy considerations may include whether or not other people may listen to a
conversation, music being listened to, videos being watched, etc.

By way of example, the first source device 108a may include a first smartphone
of a first user, the second source device 108b may include a second smartphone of a
second user and the first destination device 106a may include an automobile control
system of an automobile that may be owned by the first user. The control module 102
may be configured to determine that both the first user and the second user are in the
automobile (e.g., based on any suitable a location determination of the first source device
108a, the second source device 108b, and the first destination device 106a). Based on
this determination, the control module 102 may be configured to place a relatively low
short-range wireless connection priority of pairing the first source device 108a or the
second source device 108b with the first destination device 106a with respect to phone
calls because of privacy considerations.

Additionally or alternatively, the control module 102 may be configured to listen
to a conversation that may be ongoing via the first pairing between the first source device
108a and the first destination device 106a and may listen for one or more keywords that
may indicate that the conversation may be private. In response to detecting one or more
of the keywords, the control module 102 may be configured to change a short-range
wireless connection priority that may indicate that the first pairing between the first

source device 108a and the first destination device 106a may be terminated.
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The example short-range wireless connection priorities and associated reasons
given with respect to privacy considerations are not limiting and are merely given for
illustrative purposes.

Additionally or alternatively, the control module 102 may be configured to
determine the short-range wireless connection priorities based on pairing histories of the
source devices 108 and the destination devices 106. The pairing histories may include
histories of manual pairings that may be made by users of the source devices 108 and the
destination devices 106. Additionally or alternatively, the pairing histories may include
times when a pairing prioritization that may be determined by the control module 102
may be overridden by a user. In some embodiments, the manual pairings or overrides by
the users that may be included in the pairing histories may be given a higher priority than
other possible wireless connections when determining the short-range wireless
connection priorities.

By way of example, a pairing history may indicate that the user consistently pairs
the first destination device 106a with the first source device 108a. As such, the control
module 102 may be configured to give the first pairing a relatively high priority in a
respective short-range wireless connection priority based on this pairing history.
Additionally or alternatively, the pairing history may indicate that when the first
destination device 106a and the second source device 108b are paired, the user
consistently unpairs them. As such, the control module 102 may be configured to give
the second pairing a relatively low priority in a respective short-range wireless
connection priority based on this pairing history.

The example short-range wireless connection priorities and associated reasons
given with respect to pairing histories are not limiting and are merely given for
illustrative purposes.

Although the different factors that may be used by the control module 102 to
determine the short-range wireless connection priorities are discussed separately above
with separate examples, the control module 102 may determine the short-range wireless
connection priorities using one or more of the factors and any combination thereof.
Further, in some embodiments, control module 102 may be configured to monitor the
factors that may be used to determine the short-range wireless connection priorities and
may change the short-range wireless connection priorities based on one or more changes
in one or more of the factors. As such, the short-range wireless connection priorities may

be dynamically altered such that the pairings may be dynamically altered.
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Moreover, in some instances some factors may conflict with respect to
determining the short-range wireless connection priorities. As such, in some
embodiments some factors used in determining the short-range wireless connection
priorities may be given greater weight than others. For example, in some embodiments,
the weighting of factors from greatest weight to least weight may be listed as privacy
considerations, pairing history, type of use of the devices, type of devices, locations of
the devices, and ownership of the devices.

For example, the first source device 108a may include a first smartphone of a first
user, the second source device 108b may include a second smartphone of a second user,
and the first destination device 106a may include an automobile control system of an
automobile that may be owned by the first user. Therefore, based on ownership, the
short-range wireless connection priority may favor the first pairing of the first source
device 108a with the first destination device 106a over the second pairing of the second
source device 108b with the first destination device 106a. However, distance
determinations may indicate that the second source device 108b may be a relatively
small distance away from the first destination device 106a and that the first source device
108a may be a relatively large distance away from the first destination device 106a.
Based on the example weighting, the control module 102 may factor in distance more
than ownership such that the short-range wireless connection priority may prioritize the
second pairing of the second source device 108b with the first destination device 106a
over the first pairing of the first source device 108a with the first destination device
106a.

The example weighting of the factors and associated reasons given with respect
to the short-range wireless connection priorities are not limiting and are merely given for
illustrative purposes.

The control module 102 may be configured to manage pairings between the
destination devices 106 and the source devices 108 based on the short-range wireless
connection priorities. For example, a particular short-range wireless connection priority
may indicate that the first and fourth pairings have higher priority than the second and
third pairings. As such, the control module 102 may manage the pairings such that the
first and fourth pairings may be established and maintained instead of the second and
third pairings.

Additionally, as mentioned above, in some embodiments, the short-range

wireless connection priorities may be dynamically altered based on changing
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circumstances. In these and other embodiments, the control module may manage and
alter the pairings according to the changes in the circumstances. For example, during a
moment in time the first pairing may have a higher priority than the second pairing. But
applicable circumstances may change such that the second pairing may have a higher
priority than the first pairing at a later time. The control module 102 may accordingly
manage the pairings such that the first source device 108a and the first destination device
106a are paired during the moment of time and may also manage the pairings such that
the second source device 108b and the first destination device 106a are paired at the later
time in response to the changing circumstances.

In some embodiments, the control module 102 may be configured to manage the
pairings by directing the control system 104 to relay short-range wireless
communications between the respective destination device 106 and source device 108.
For example, to manage the first pairing, the control system 104 may pair itself with the
first destination device 106a and the first source device 108a. The control system 104
may receive information from the first source device 108a via a short-range wireless
connection associated with its pairing with the first source device 108a. The control
system 104 may relay the information received from the first source device 108a to the
first destination device 106a via another short-range wireless connection associated with
its pairing with the first destination device 106a. As indicated above, the pairing of the
control system 104 and the relaying of information by the control system 104 may be
performed in response to one or more instructions of the control module 102 in some
embodiments.

In these or other embodiments, the control module 102 may be configured to alter
the pairings by altering the relaying. For example, a particular short-range wireless
connection priority may change from prioritizing the first pairing to prioritizing the
second pairing. The control module 102 may accordingly be configured to relay
information from the second source device 108b to the first destination device 106a (e.g.,
via respective pairings of the control system 104 with the second source device 108b and
the first destination device 106a) instead of relaying information from the first source
device 108a to the first destination device 106a.

Additionally or alternatively, the control module 102 may be configured to
manage the pairings by directing the respective destination devices 106 to pair with the
respective source devices 108 indicated by the short-range wireless connection priorities.

In these or other embodiments, the control module 102 may be configured to direct
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handoffs of pairings in response to changes in the short-range wireless connection
priorities.

By way of example, in some embodiments, the control module 102 may direct
operations associated with the control system 104 communicatively coupling to the
destination devices 106 and the source devices 108. In some embodiments, the control
system 104 may be communicatively coupled to one or more of the destination devices
106 and the source devices 108 via a same type of short-range wireless communication
(e.g., Bluetooth) as that which may be used to pair the respective source devices 108 and
destination devices. In these or other embodiments, the control system 104 may be
communicatively coupled to one or more of the destination devices 106 and the source
devices 108 via a different type of short-range wireless communication as that which
may be used to pair the respective source devices 108 and destination devices.
Additionally or alternatively, the control system 104 may be communicatively coupled to
one or more of the destination devices 106 and the source devices 108 via wireless
communications that may not necessarily fall under a short-range wireless
communication protocol, such as via a WiFi or cellular type of connection.

The control module 102 may be configured to communicate with the source
devices 108 and the destination devices 106 via the communicative couplings of the
control system 104 with the source devices 108 and the destination devices 106. In some
embodiments, the control module 102 may direct the source devices 108 and the
destination devices 106 to establish or maintain pairings via communications over the
communicative couplings. Additionally or alternatively, the control module 102 may
direct the pairings based on the short-range wireless connection priorities.

For instance, a particular short-range wireless connection priority may indicate
that the first pairing has priority over the second pairing. Based on the particular short-
range wireless connection priority, the control module 102 may be configured to
communicate instructions to the first destination device 106a and the first source device
108a that direct the first destination device 106a and the first source device 108a to pair
with each other. Additionally or alternatively, the control module 102 may be configured
to communicate instructions to the first destination device 106a and the second source
device 108b not to pair with each other based on the particular connection priority.

In these or other embodiments, the particular short-range wireless connection
priority may change such that the second pairing may be prioritized over the first pairing.

Based on the change to particular short-range wireless connection priority, the control
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module 102 may be configured to direct the first destination device 106a and the first
source device 108a to unpair and may direct the first destination device 106a and the
second source device 108b to pair with each other.

Accordingly, the system 100 may be configured to manage pairings of short-
range devices. Modifications, additions, or omissions may be made to the system 100
without departing from the scope of the present disclosure. For example, the operations
described as being performed by specific elements of the system 100 may be performed
by one or more different elements of the system 100. As another example, as indicated
above, in some embodiments one or more of the destinations devices 106 or the source
devices 108 may include the control system 104. Further, one or more of the operations
may be performed in a distributed manner across one or more of the elements. In
addition, the system 100 may include more or fewer elements than those explicitly listed
or described.

FIG. 2 illustrates a block diagram of an example computing system 202,
according to at least one embodiment of the present disclosure. The computing system
202 may be an example implementation of the control system 104 of FIG. 1 and in some
embodiments may be configured to implement one or more operations associated with
the control module 102 of FIG. 1. The computing system 202 may include a processor
250, a memory 252, and a data storage 254. The processor 250, the memory 252, and the
data storage 254 may be communicatively coupled.

In general, the processor 250 may include any suitable special-purpose or
general-purpose computer, computing entity, or processing device including various
computer hardware or software modules and may be configured to execute instructions
stored on any applicable computer-readable storage media. For example, the processor
250 may include a microprocessor, a microcontroller, a digital signal processor (DSP),
an application-specific integrated circuit (ASIC), a Field-Programmable Gate Array
(FPGA), or any other digital or analog circuitry configured to interpret and/or to execute
program instructions and/or to process data. Although illustrated as a single processor in
FIG. 2, the processor 250 may include any number of processors configured to perform,
individually or collectively, any number of operations described in the present
disclosure. Additionally, one or more of the processors may be present on one or more
different electronic devices, such as different servers.

In some embodiments, the processor 250 may interpret and/or execute program

instructions and/or process data stored in the memory 252, the data storage 254, or the
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memory 252 and the data storage 254. In some embodiments, the processor 250 may
fetch program instructions from the data storage 254 and load the program instructions in
the memory 252. After the program instructions are loaded into memory 252, the
processor 250 may execute the program instructions.

For example, in some embodiments, the control module 102 of FIG. 1 may be
included in the data storage 254 as program instructions. The processor 250 may fetch
the program instructions of the analysis module from the data storage 254 and may load
the program instructions of the analysis module in the memory 252. After the program
instructions of the analysis module are loaded into memory 252, the processor 250 may
execute the program instructions such that the computing system may implement the
operations associated with the analysis module as directed by the instructions.

The memory 252 and the data storage 254 may include computer-readable
storage media for carrying or having computer-executable instructions or data structures
stored thereon. Such computer-readable storage media may include any available media
that may be accessed by a general-purpose or special-purpose computer, such as the
processor 250.

By way of example, and not limitation, such computer-readable storage media
may include tangible or non-transitory computer-readable storage media including
Random Access Memory (RAM), Read-Only Memory (ROM), Electrically Erasable
Programmable Read-Only Memory (EEPROM), Compact Disc Read-Only Memory
(CD-ROM) or other optical disk storage, magnetic disk storage or other magnetic storage
devices, flash memory devices (e.g., solid state memory devices), or any other storage
medium which may be used to carry or store program code in the form of computer-
executable instructions or data structures and which may be accessed by a general-
purpose or special-purpose computer. Combinations of the above may also be included
within the scope of computer-readable storage media. Computer-executable instructions
may include, for example, instructions and data configured to cause the processor 250 to
perform a certain operation or group of operations.

As mentioned above, in some embodiments, the control module 102 of FIG. 1
may be an example of a control means for directing operations of a system with respect
to wireless device pairing. In some embodiments, the processor 250 may be an example
of a processing means for executing the control means to cause a system to perform

operations that may be directed by the control means. In these or other embodiments, the
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memory 252 or the data storage 254 may also be examples of a storage means configured
to store instructions of the control means.

Modifications, additions, or omissions may be made to the computing system 202
without departing from the scope of the present disclosure. For example, in some
embodiments, the computing system 202 may include any number of other components
that may not be explicitly illustrated or described.

FIG. 3 is a flowchart of an example method 300 to manage pairings of wireless
devices, according to at least one embodiment described in the present disclosure. The
method 300 may be implemented, in some embodiments, by a control system as
instructed by a control module, such as the control system 104 and the control module
102 of FIG. 1. Although illustrated as discrete blocks, various blocks may be divided into
additional blocks, combined into fewer blocks, or eliminated, depending on the desired
implementation.

The method 300 may begin, and at block 302, a first wireless device configured
to perform short-range wireless communications may be detected. In some embodiments,
the first wireless device may include a source wireless device. In these or other
embodiments, the first wireless device may include a destination wireless device.

At block 304, a second wireless device configured to perform short-range
wireless communications may be detected. In some embodiments, the second wireless
device may include a source wireless device. In these or other embodiments, the second
wireless device may include a destination wireless device.

At block 306, one or more short-range wireless connection priorities may be
determined with respect to a first pairing and a second pairing. The first pairing may be
with respect to short-range wireless communications between the first wireless device
and a third wireless device configured to perform short-range wireless communications.
Additionally, the second pairing may be with respect to short-range wireless
communications between the second wireless device and the third wireless. In some
embodiments, the third wireless device may include a source device (e.g., in instances
where the first and second wireless devices include destination devices). Additionally or
alternatively, the third wireless device may include a destination device (e.g., in
instances where the first and second wireless devices include source devices).

In some embodiments, determining the one or more short-range wireless
connection priorities may be based on device types of the first wireless device, the

second wireless device, and the third wireless device. Additionally or alternatively,
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determining the one or more short-range wireless connection priorities may be based on
types of use of the first wireless device and of the third wireless device with respect to
the first pairing and types of use of the second wireless device and of the third wireless
device with respect to the second pairing. In these or other embodiments, determining the
one or more short-range wireless connection priorities may be based on context of use of
the first wireless device; context of use of the second wireless device, and context of use
of the third wireless device. Further, in some embodiments, determining the one or more
short-range wireless connection priorities may be based on a pairing history with respect
to the first pairing and with respect to the second pairing. In these or other embodiments,
determining the one or more short-range wireless connection priorities may include
determining one or more applications (e.g., music, video, email, etc.) that may be run on
the first wireless device, the second wireless device, or the third wireless device.

At block 308, the first pairing and the second pairing and the second pairing may
be managed based on the one or more short-range wireless connection priorities. In some
embodiments, managing the first pairing and the second pairing may include directing
the first wireless device and the third wireless device to perform short-range wireless
pairing and short-range wireless unpairing and directing the second wireless device and
the third wireless device to perform short-range wireless pairing and short-range wireless
unpairing. Additionally or alternatively, managing the first pairing and the second
pairing may include performing relaying operations of short-range wireless
communications between the first wireless device and the third wireless device and
performing relaying operations of short-range wireless communications between the
second wireless device and the third wireless device.

Modifications, additions, or omissions may be made to the method 300 without
departing from the scope of the present disclosure. For example, the functions and
operations described with respect to the method 300 may be implemented in differing
order. Furthermore, the outlined steps and operations are only provided as examples, and
some of the steps and operations may be optional, combined into fewer steps and
operations, or expanded into additional steps and operations without detracting from the
essence of the disclosed embodiments.

For instance, the method 300 may further include detecting the third wireless
device. In some instances, the further operation of detecting the third wireless device
may occur with respect to a control system and corresponding control module not being

included in the third wireless device. Alternatively, in some instances, the control system
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and corresponding control module may be included in the third wireless device such that
detecting the third wireless device may be omitted in some embodiments.

In addition, in some embodiments, the short-range wireless communications,
connections, pairings, and protocols may include Bluetooth communications,
connections, pairings, and protocols. In these or other embodiments, one or more of the
short-range wireless communications, connections, pairings, and protocols may include
other communications, connections, pairings, and protocols than Bluetooth.

FIG. 4 is a flowchart of another example method 400 to manage pairings of
wireless devices, according to at least one embodiment described in the present
disclosure. The method 400 may be implemented, in some embodiments, by a control
system as instructed by a control module, such as the control system 104 and the control
module 102 of FIG. 1. Although illustrated as discrete blocks, various blocks of method
400 may be divided into additional blocks, combined into fewer blocks, or eliminated,
depending on the desired implementation.

The method 400 may begin, and at block 402, multiple source wireless devices
configured to perform short-range wireless communications may be detected. In some
embodiments, the source wireless devices may include Bluetooth enabled devices.

At block 404, multiple destination wireless devices configured to perform short-
range wireless communications may be detected. In some embodiments, the destination
wireless devices may include Bluetooth enabled devices.

At block 406, one or more short-range wireless connection priorities may be
determined with respect to each possible short-range wireless pairing between each of
the source wireless devices and each of the destination wireless devices. In some
embodiments, the one or more short-range connection priorities may include one or more
Bluetooth connection priorities.

In some embodiments, determining the one or more short-range wireless
connection priorities may be based on device types of the source wireless devices and of
the destination wireless devices. Additionally or alternatively, determining the one or
more short-range wireless connection priorities may be based on types of use of the
source wireless devices and of the destination wireless devices with respect to the
possible pairings. In these or other embodiments, determining the one or more short-
range wireless connection priorities may be based on context of use of the source
wireless devices and of the destination wireless devices. Further, in some embodiments,

determining the one or more short-range wireless connection priorities may be based on
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a pairing history of the source wireless devices with respect to pairing with the
destination wireless devices. In these or other embodiments, determining the one or more
short-range wireless connection priorities may include determining one or more
applications (e.g., music, video, email, etc.) that may be run on the source wireless
devices or the destination wireless devices.

At block 408, short-range wireless pairings between one or more of the source
wireless devices and one or more of the destination wireless devices may be managed
based on the one or more short-range wireless connection priorities. In some
embodiments, managing the short-range wireless pairings may include directing the
source wireless devices and the destination wireless devices to perform short-range
wireless pairing and unpairing. Additionally or alternatively managing the short-range
wireless pairings may include performing relaying operations of short-range wireless
communications between a respective destination wireless device and a respective source
wireless device associated with a respective short-range wireless connection pairing.

Modifications, additions, or omissions may be made to the method 400 without
departing from the scope of the present disclosure. For example, the functions and
operations described with respect to the method 400 may be implemented in differing
order. Furthermore, the outlined steps and operations are only provided as examples, and
some of the steps and operations may be optional, combined into fewer steps and
operations, or expanded into additional steps and operations without detracting from the
essence of the disclosed embodiments.

In addition, in some embodiments, the short-range wireless communications,
connections, pairings, and protocols may include Bluetooth communications,
connections, pairings, and protocols. In these or other embodiments, one or more of the
short-range wireless communications, connections, pairings, and protocols may include
other communications, connections, pairings, and protocols than Bluetooth.

As indicated above, the embodiments described in the present disclosure may
include the use of a special purpose or general purpose computer (e.g., the processor 250
of FIG. 2) including various computer hardware or software modules, as discussed in
greater detail below. Further, as indicated above, embodiments described in the present
disclosure may be implemented using computer-readable media (e.g., the memory 252 of
FIG. 2) for carrying or having computer-executable instructions or data structures stored

thereon.



10

15

20

25

30

WO 2016/187227 PCT/US2016/032923

19

In some embodiments, the different components, modules, engines, and services
described in the present disclosure may be implemented as objects or processes that
execute on a computing system (e.g., as separate threads). While some of the system and
methods described in the present disclosure are generally described as being
implemented in software (stored on and/or executed by general purpose hardware),
specific hardware implementations or a combination of software and specific hardware
implementations are also possible and contemplated.

Terms used in the present disclosure and especially in the appended claims (e.g.,
bodies of the appended claims) are generally intended as “open” terms (e.g., the term
“including” should be interpreted as “including, but not limited to,” the term “having”
should be interpreted as “having at least,” the term “includes” should be interpreted as
“includes, but is not limited to,” efc.).

Additionally, if a specific number of an introduced claim recitation is intended,
such an intent will be explicitly recited in the claim, and in the absence of such recitation
no such intent is present. For example, as an aid to understanding, the following
appended claims may contain usage of the introductory phrases “at least one” and “one
or more” to introduce claim recitations. However, the use of such phrases should not be
construed to imply that the introduction of a claim recitation by the indefinite articles “a”
or “an” limits any particular claim containing such introduced claim recitation to
embodiments containing only one such recitation, even when the same claim includes the

[yl

introductory phrases “one or more” or “at least one” and indefinite articles such as “a” or
“an” (e.g., “a” and “an” should be interpreted to mean “at least one” or “one or more”);
the same holds true for the use of definite articles used to introduce claim recitations.

In addition, even if a specific number of an introduced claim recitation is
explicitly recited, those skilled in the art will recognize that such recitation should be
interpreted to mean at least the recited number (e.g., the bare recitation of “two
recitations,” without other modifiers, means at least two recitations, or two or more
recitations). Furthermore, in those instances where a convention analogous to “at least
one of A, B, and C, efc.” or “one or more of A, B, and C, efc.” is used, in general such a
construction is intended to include A alone, B alone, C alone, A and B together, A and C
together, B and C together, or A, B, and C together, efc. For example, the use of the term
“and/or” is intended to be construed in this manner.

Further, any disjunctive word or phrase presenting two or more alternative terms,

whether in the description, claims, or drawings, should be understood to contemplate the
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possibilities of including one of the terms, either of the terms, or both terms. For
example, the phrase “A or B” should be understood to include the possibilities of “A” or
“B” or “A and B.”

All examples and conditional language recited in the present disclosure are
intended for pedagogical objects to aid the reader in understanding the invention and the
concepts contributed by the inventor to furthering the art, and are to be construed as
being without limitation to such specifically recited examples and conditions. Although
embodiments of the present disclosure have been described in detail, it should be
understood that the various changes, substitutions, and alterations could be made hereto

without departing from the spirit and scope of the present disclosure.
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CLAIMS
What is claimed is:
1. A method performed by a control system, the method comprising:
detecting a plurality of source wireless devices that are Bluetooth enabled;
detecting a plurality of destination wireless devices, which are Bluetooth enabled,
that are within range of the plurality of source wireless devices for Bluetooth
communications with the plurality of source wireless devices;
determining a plurality of Bluetooth connection priorities for each possible
Bluetooth pairing between each of the source wireless devices and each of the
destination wireless devices based on:
relationships between device types of the source wireless devices and
device types of the destination devices with respect to how the device types of the
source wireless devices and the destination wireless devices affect functionality
of the source wireless devices and the destination wireless devices, wherein
Bluetooth pairings are prioritized based on how the relationships between the
device types of the source wireless devices and the destination wireless devices
relate to possible interactions of the source wireless devices with the destination
wireless devices according to functionality specific to different device types, and
relationships between user ownership of the source wireless devices and
user ownership of the destination wireless devices, wherein Bluetooth pairings
between wireless devices owned by a same user are prioritized over Bluetooth
pairings between wireless devices owned by different users; and
managing Bluetooth pairings between the source wireless devices and the

destination wireless devices based on the Bluetooth connection priorities.

2. The method of claim 1, wherein managing the Bluetooth pairings includes
one or more of the following: directing the source wireless devices and the destination
wireless devices to perform Bluetooth pairing and Bluetooth unpairing and performing
relaying operations of Bluetooth communications between a respective destination
wireless device and a respective source wireless device associated with a respective

Bluetooth pairing,

3. The method of claim 1, wherein the device types of the source wireless

devices and the destination wireless devices include one or more of the following: a
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smartphone type, a tablet computer type, a keyboard type, a mouse type, a music player
type, a video player type, a desktop computer type, an automobile control module type, a

speaker type, and a headphones type.

4. The method of claim 1, wherein determining the plurality of Bluetooth
connection priorities includes determining one or more of the following: one or more
applications being run on one or more of the source wireless devices and one or more

applications being run on one or more of the destination wireless devices.

5. Non-transitory computer-readable storage media that include instructions
stored thereon that, in response to being executed by one or more processors, cause a

system to perform the method of claim 1.

6. A method performed by a control system, the method comprising:

detecting, a first wireless device configured to perform short-range wireless
communications;

detecting a second wireless device configured to perform short-range wireless
communications;

detecting a third wireless device configured to perform short-range wireless
communications, wherein the third wireless device is within range of the first wireless
device for short-range wireless communications with the first wireless device and being
within range of the second wireless device and for short-range wireless communications
with the second wireless device;

determining one or more short-range wireless connection priorities with respect
to a first pairing and a second pairing, wherein the first pairing is with respect to short-
range wireless communications between the first wireless device and the third wireless
device and the second pairing is with respect to short-range wireless communications
between the second wireless device and the third wireless device and wherein
determining the one or more short-range wireless connection priorities is based on one or
more of the following: a relationship between a first device type of the first wireless
device and a third device type of the third wireless device that relates to a possible
interaction between the first wireless device and the third wireless device according to a
first functionality specific to the first device type and a third functionality specific to the

third device type, a relationship between a second device type of the second wireless
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device and the third device type of the third wireless device that relates to a possible
interaction between the second wireless device and the third wireless device according to
a second functionality specific to the second device type and the third functionality
specific to the third device type, a relationship between user ownership of the first
wireless device and user ownership of the third wireless device, and a relationship
between user ownership of the second wireless device and the user ownership of the
third wireless device; and

managing the first pairing and the second pairing based on the one or more short-

range wireless connection priorities.

7. The method of claim 6, wherein the first wireless device and the second
wireless device include source wireless devices and wherein the third wireless device

includes a destination wireless device.

8. The method of claim 6, wherein the first wireless device and the second
wireless device include destination wireless devices and wherein the third wireless

device includes a source wireless device.

9. The method of claim 6, wherein the short-range wireless communications

include Bluetooth communications.

10. The method of claim 6, wherein managing the first pairing and the second
pairing includes one or more of the following: directing the first wireless device and the
third wireless device to perform short-range wireless pairing and short-range wireless
unpairing, directing the second wireless device and the third wireless device to perform
short-range wireless pairing and short-range wireless unpairing, performing relaying
operations of short-range wireless communications between the first wireless device and
the third wireless device, and performing relaying operations of short-range wireless

communications between the second wireless device and the third wireless device.

11. The method of claim 6, wherein the first device type, the second device
type, or the third device type include a smartphone type, a tablet computer type, a
keyboard type, a mouse type, a music player type, a video player type, a desktop
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computer type, an automobile control module type, a speaker type, and a headphones

type.

12.  The method of claim 6, wherein the first pairing and the second pairing
are prioritized with respect to each other based on user ownership relationships in that a
pairing between wireless devices owned by a same user are prioritized over pairings

between wireless devices owned by different users.

13. The method of claim 6, wherein determining the one or more short-range
wireless connection priorities includes determining one or more of the following: one or
more applications being run on the first wireless device, one or more applications being
run on the second wireless device, and one or more applications being run on the third

wireless device.

14. A non-transitory computer-readable storage media that include
instructions stored thereon that, in response to being executed by one or more processors,

cause a system to perform the method of claim 6.

15. A means for managing pairing of wireless devices comprising:
a control means for directing operations of a system, the operations including:

detecting a first wireless device configured to perform short-range
wireless communications;

detecting a second wireless device configured to perform short-range
wireless communications;

detecting a third wireless device configured to perform short-range
wireless communications, wherein the third wireless device is within range of the
first wireless device for short-range wireless communications with the first
wireless device and being within range of the second wireless device and for
short-range wireless communications with the second wireless device;

determining one or more short-range wireless connection priorities with
respect to a first pairing and a second pairing, wherein the first pairing is with
respect to short-range wireless communications between the first wireless device
and the third wireless device and the second pairing is with respect to short-range

wireless communications between the second wireless device and the third
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wireless device and wherein determining the one or more short-range wireless
connection priorities is based on one or more of the following: a relationship
between a first device type of the first wireless device and a third device type of
the third wireless device that relates to a possible interaction between the first
wireless device and the third wireless device according to a first functionality
specific to the first device type and a third functionality specific to the third
device type, a relationship between a second device type of the second wireless
device and the third device type of the third wireless device that relates to a
possible interaction between the second wireless device and the third wireless
device according to a second functionality specific to the second device type and
the third functionality specific to the third device type, a relationship between
user ownership of the first wireless device and user ownership of the third
wireless device, and a relationship between user ownership of the second wireless
device and the user ownership of the third wireless device; and

managing the first pairing and the second pairing based on the one or
more short-range wireless connection priorities;
a storage means for storing the control means; and
a processing means for executing the control means to cause the system to

perform the operations directed by the control means.

16. The means of claim 15, wherein managing the first pairing and the second
pairing includes one or more of the following: directing the first wireless device and the
third wireless device to perform short-range wireless pairing and short-range wireless
unpairing, directing the second wireless device and the third wireless device to perform
short-range wireless pairing and short-range wireless unpairing, performing relaying
operations of short-range wireless communications between the first wireless device and
the third wireless device, and performing relaying operations of short-range wireless

communications between the second wireless device and the third wireless device.

17.  The means of claim 15, wherein the first pairing and the second pairing
are prioritized with respect to each other based on user ownership relationships in that a
pairing between wireless devices owned by a same user are prioritized over pairings

between wireless devices owned by different users.
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