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SYSTEMS AND METHODS FOR PROVIDING BEACON-BASED NOTIFICATIONS

FIELD
[0001] The present disclosure relates generally to beacon devices and more particularly

to providing notifications associated with one or more beacon devices to a user.

BACKGROUND
[0002] In recent years, location based functionality associated with mobile computing
devices has become increasingly popular. Location based functionality can allow a user
device, such as a smart phone, tablet or wearable computing device, to receive information
and to perform actions associated with the information. Such location based functionality can
be implemented, for instance, through the use of beacon devices. Beacon devices are a recent
technology that can be used, for instance, in determining proximity and location. A beacon
device is a small, low cost, self-contained device that can periodically provide (e.g. broadcast
using a short range wireless communication technology) information. A user device can
receive the information and use the knowledge of the identity of the beacon device and
proximity to the beacon device for various purposes, including determining location,

communication, asset tracking, retail identification, safety, etc.

SUMMARY
[0003] Aspects and advantages of embodiments of the present disclosure will be set
forth in part in the following description, or may be learned from the description, or may be
learned through practice of the embodiments.
[0004] One example aspect of the present disclosure is directed to a computer
implemented method of providing notifications to a user. The method includes detecting, by
one or more computing devices, a beacon device. The method further includes obtaining, by
the one or more computing devices, at least a portion of time-based contextual data
associated with the beacon device. The at least a portion of time-based contextual data is
identified based at least in part on spatial-temporal data associated with a user. The method
further includes determining, by the one or more computing devices, one or more
notifications based at least in part on the time-based contextual data. The method further
includes providing for display, by the one or more computing devices, at least one of the one

or more notifications.
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[0005] Other aspects of the present disclosure are directed to systems, apparatus,
tangible, non-transitory computer-readable media, user interfaces and devices for scanning
for beacon devices.

[0006] These and other features, aspects, and advantages of various embodiments will
become better understood with reference to the following description and appended claims.
The accompanying drawings, which are incorporated in and constitute a part of this
specification, illustrate embodiments of the present disclosure and, together with the

description, serve to explain the related principles.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] Detailed discussion of embodiments directed to one of ordinary skill in the art is
set forth in the specification, which makes reference to the appended figures, in which:
[0008] FIG. 1 depicts an example beacon device system according to example
embodiments of the present disclosure.
[0009] FIG. 2 depicts an example beacon device system according to example
embodiments of the present disclosure.
[0010] FIG. 3 depicts a flow diagram of an example method of providing notifications
according to example embodiments of the present disclosure.
[0011] FIG. 4 depicts a diagram of example calendar data associated with a beacon
device according to example embodiments of the present disclosure.
[0012] FIG. 5 depicts a diagram of example calendar data associated with a user
according to example embodiments of the present disclosure.
[0013] FIG. 6 depicts an example notification according to example embodiments of the
present disclosure.
[0014] FIG. 7 depicts example travel directions according to example embodiments of
the present disclosure.
[0015] FIG. 8 depicts a flow diagram of an example method of providing notifications
according to example embodiments of the present disclosure.
[0016] FIG. 9 depicts a flow diagram of an example method of providing notifications
according to example embodiments of the present disclosure
[0017] FIG. 10 depicts an example computing system according to example

embodiments of the present disclosure.

DETAILED DESCRIPTION
2
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[0018] Reference will now be made in detail to embodiments, one or more examples of
which are illustrated in the drawings. Each example is provided by way of explanation of the
embodiments, not limitation of the invention. In fact, it will be apparent to those skilled in
the art that various modifications and variations can be made to the embodiments without
departing from the scope or spirit of the present disclosure. For instance, features illustrated
or described as part of one embodiment can be used with another embodiment to yield a still
further embodiment. Thus it is intended that aspects of the present disclosure cover such

modifications and variations.

Overview
[0019] Example aspects of the present disclosure are directed to providing notifications
associated with a beacon device. A beacon device can be a communication device having a
known location that periodically broadcasts (e.g. using short range wireless communication
technology) information identifying the beacon device. A beacon device can be, for instance,
a radio frequency (RF) beacon device (e.g. a Bluetooth™ Low Energy (BLE) beacon device),
an infrared beacon device, or a radio frequency identification (RFID) tag.
[0020] One or more user devices (e.g. smartphone, tablet, wearable computing device, or
any other suitable computing device capable of being carried by a user while in operation)
can scan for and receive information from beacon devices. In particular, a user device can
receive the information identifying the beacon device (e.g. universally unique ID, a URL, a
sequence of bytes, an encrypted identifier, etc.) and can use this information to ascertain
other information associated with the beacon device. This other information can be obtained,
for instance, from a server that uses the beacon identification to access the information. This
information provided by the server can also be customized based on user information such as
settings, search history, location history or other user information. The information provided
by the server can include, for instance, location information (e.g. latitude, longitude
coordinates) that the user device can use to determine proximity to the beacon device, and
thus to a corresponding geographic location. This can be used, for instance, for navigation
purposes. The beacon device can also be used to provide information, for instance, in the
form of a notification or an application associated with the beacon device.
[0021] Such information can be updated over time. For instance, a user who visits a
particular café may be provided a menu for the café on a user device associated with the user.
The provided menu may vary, for instance, based on whether the café is currently serving

breakfast, lunch or dinner, or based on the specials for a particular day. Additionally, the
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relevance of the provided information can vary according to the desires of a user. For
instance, a user who enters a conference room for a meeting may wish to view information
associated with the meeting, but a user who enters the conference room for another purpose
may not wish to view the information associated with the meeting. Typically, information
associated with a beacon device is managed and updated manually, which can be inefficient
and inconvenient.

[0022] In some embodiments, in order to obtain the benefits of the techniques described
herein, the user may be required to allow the collection and analysis of location information
associated with the user or the user device. Therefore, in some embodiments, users may be
provided with an opportunity to control settings associated with whether programs or features
collect such information. If the user does not allow collection and use of such signals, then
the user may not receive the benefits of the techniques described herein. For instance,
changes to these settings can cause scanning for one or more beacon devices to be enabled or
disabled. The user can also be provided with tools to revoke or modify consent. In addition,
in some embodiments, certain information or data can be treated in one or more ways before
it is stored or used, so that personally identifiable information is removed.

[0023] According to example aspects of the present disclosure, contextual data
associated with a beacon device and spatial-temporal data associated with a user can be
analyzed to determine information that is relevant to the user. In particular, an identifying
signal from one or more beacon devices can be received by a user device and used to
determine time-based contextual data associated with the beacon device. Such contextual
beacon data can be stored, for instance, in a remote computing device such as a server or
database. In particular, the contextual beacon data can be derived from a calendar associated
with the beacon device having different data associated with different dates and times.
[0024] In example aspects of the present disclosure, the time-based contextual data can
be determined based on spatial-temporal data associated with the user. This spatial-temporal
data may be stored in a memory of the user device, or may be stored in a remote computing
device such as a database or server. The spatial-temporal data can include the user’s location
determined, for instance, from the identifying signal from the beacon device. In alternative
embodiments, the user’s location can be determined at least in part by a positioning system
associated with the user device (e.g. GPS or other positioning system), and/or a network
based (e.g. WiFi, cellular network, etc.) location determination.

[0025] The spatial-temporal data can further include, for instance, time-based data

associated with the user. The time-based data can include the date and time at which the
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beacon device is detected (e.g. the current time), or some other time, such as a user-specified
time. In example embodiments, the time-based data can include the user’s scheduled tasks or
events and can be organized, for instance, in a calendar. For instance, in continuing the
above example regarding the conference room, the spatial-temporal data can indicate that the
user has a meeting scheduled in the conference room at a particular time on a particular date.
[0026] Contextual beacon data can include, for instance, calendar data associated with
the beacon device that corresponds to the time and location indicated in the spatial-temporal
data. In example embodiments, contextual beacon data can further include beacon calendar
data that corresponds to the calendar data indicated in the spatial-temporal data. In particular,
if a concurrence can be found between the beacon calendar data and the user calendar data,
contextual beacon data associated with the concurrence can be determined to be relevant to a
user. A concurrence can be found, for instance, if the beacon calendar data and the user
calendar data are indicative of the same event or occurrence at a particular time. For
instance, if the calendar data for the beacon device associated with the conference room
indicates that there is a meeting currently being held in the conference room and the calendar
data for the user indicates that the user has a currently scheduled meeting in the conference
room, a concurrence can be found. Accordingly, the relevant contextual beacon data can be
indicative of the meeting.

[0027] In example embodiments, the relevant contextual beacon data can include all of
the contextual beacon data for the time indicated in the spatial-temporal data, or a subset of
the contextual beacon data for that time. The subset can include only the contextual beacon
data that is determined to be relevant to the user. For example, if the contextual beacon data
indicates that there are two meetings simultaneously scheduled for the conference room, the
spatial-temporal data can be analyzed to determine which meeting the user is scheduled to
attend. The relevant contextual beacon data (e.g. the subset) can then be indicative only of
the correct meeting.

[0028] Once the contextual beacon data is determined, one or more notifications can be
determined. A notification can be associated with the contextual beacon data. In example
embodiments, the notifications can be determined for all of the contextual beacon data or
only for relevant contextual beacon data. A notification can be indicative of information
corresponding to the contextual beacon data. For instance, if the contextual beacon data
indicates a meeting scheduled in a conference room, the corresponding information can
include an agenda for the meeting, a list of attendees, etc. The notifications can then be

provided for display by the user device. The notification can be displayed, for instance, as an
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icon in a notification bar, as a pop-up notification, and/or in any other suitable manner. The
notification can include a link to the corresponding information. Upon user interaction with
the notification, the user device can display the information, for instance, as a web page, as
HTML presented in a webview, as an external application, or as part of the user device’s
operating system.

[0029] In alternative embodiments, a notification can be indicative of other information
determined to be relevant to a user. For instance, a notification can include a link to travel
directions to a destination determined to be relevant to the user. For instance, in continuing
the conference room example from above, if the spatial-temporal data for the user indicates
that the user does not have a currently scheduled (or upcoming) meeting in the conference
room (e.g., if no concurrence can be determined between the beacon and user calendars), a
notification can include information indicating that the user is in the wrong location. In an
example embodiment, if the spatial-temporal data indicates that the user has a currently
scheduled meeting in a different conference room, the notification can include a link to travel
directions to the correct conference room. Such travel directions can include interior
directions within a building, and/or exterior directions to another building or location.

[0030] In example embodiments, the user device or other suitable device can prioritize
and rank the determined notifications and provide for display a subset of the ranked
notifications that are above a priority threshold. In particular, the ranking can include a
determination of which information is most relevant to a user. The ranking can be based on
factors such as the user’s location relative to one or more beacon devices, the user’s prior
interactions with notifications, the user’s search history, other users’ interactions with similar
notifications, machine learning techniques (e.g. spam recognition), the user’s location history,
etc. Once the notifications have been prioritized and ranked, the user device can provide for
display one or more of the notifications that are above the priority threshold (e.g., the top
three most relevant instances of user specific beacon information).

[0031] In further example embodiments, duplicate notifications can be filtered such that
the user device only displays one notification associated with a particular instance of
information. For example, if multiple notifications are determined that are associated with
the same or similar information, the user device can filter and remove all but one of the
notifications such that the user device only displays one notification associated with the
information. In still further example embodiments, stale notifications can be removed from
display. Stale notifications can include notifications associated with information that is no

longer relevant to a user. For instance, in continuing the above example, if the user leaves the
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conference room, or if the meeting concludes, the notification associated with the meeting is

no longer relevant to the user, and can be removed from display on the user device.

Example Beacon Device Systems

[0032] FIG. 1 depicts an example system 100 according to example embodiments of the
present disclosure. System 100 can include a plurality of beacon devices 102-110, one or
more observing entities 112 and 114, and at least one server 118. Beacon devices 102-110
can be used for many different applications, including, for example, co-presence (e.g. two
entities becoming aware of each other), location-based gaming, asset tracking, beacon device
localization or observing entity localization, telemetry, information provisioning (e.g. use of
an observing entity to obtain various information such as semantic information or geographic
information associated with beacon devices 102-110 as the observing entity moves about the
world), intra-beacon communication, payment systems, etc. Other applications can include
providing information associated with a business, such as a menu for a restaurant, providing
information associated with a music festival, providing information associated with a transit
schedule, etc. The present disclosure provides a general system that can be applicable to the
above noted applications or other applications as well.

[0033] Beacon devices 102-110 can be computing devices that are configured to emit
messages. For example, the messages can include data that is broadcast by the beacon
devices 102-110. In example embodiments, the data can be used for the purpose of being
“noticed” without requiring a two-way connection. Thus, in such embodiments, the entirety
of the interaction between the beacon devices 102-110 and the observing entities 112 and 114
can be performed without requiring a connection between the observing entity and the beacon
device or a connection between the beacon device and the server. Instead, all relevant
information for the interaction is contained within the data emitted by the beacon device.
Limiting beacon device interaction to the broadcasting of data can provide a nominal
behavior that allows energy consumption and service life to be modeled and reasonably
predicted. In alternative embodiments, beacon devices 102-110 can include computing
devices that use two-way communication. For instance, a BLE beacon device using active
scanning can implement two-way communication.

[0034] As an example, the beacon devices 102-110 can broadcast the data using short
range wireless communication technologies such as, for example, Bluetooth, Bluetooth low
energy, ZigBee, Near Field Communication, WiFi Direct, or other technologies.

Furthermore, although short range wireless communication technologies are provided as an
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example, any communication method can be used to transmit data from the beacon devices
102-110 to the observing entities 112 and 114, including, for example, wired connections,
general radio frequency communication, optical communication, infrared communication,
magnetic communication, or other communication methods.

[0035] In embodiments in which beacon devices employ Bluetooth low energy (BLE)
technology for broadcasting, each message can carry a 31-byte payload. As noted, messages
can be broadcast events that are capable of being received and processed by any listening
device (e.g. user device). Further, the above example implementation using BLE technology
is provided as an example only. Other suitable communication protocols having different
frame formats or channel assignments can be used, as well. In addition, as certain protocols
are modified or replaced over time, the present disclosure can be easily adapted for
implementation using such new protocols.

[0036] Server 118 can include one or more computing devices configured to
communicate with observing entities 112 and 114 over a network 116. As an example, server
118 can be one or more server computing devices. In the instance that a plurality of server
computing devices are used, the server computing devices can be arranged according to any
suitable computing architecture, including sequential computing architectures, parallel
computing architectures, or combinations thereof. Observing entities 112 and 114 can be
user devices (e.g. smartphones, tablets, wearable computing devices, or any other suitable
mobile computing device capable of being carried by a user while in operation), such as user
device 127 depicted in FIG. 2.

[0037] Network 116 can be any type of communications network, such as a local area
network (e.g., intranet), wide area network (e.g., Internet), or some combination thereof and
can include any number of wired or wireless links. In general, communication between the
server 118 and observing entities 112 and 114 can be carried via any type of wired and/or
wireless connection, using a wide variety of communication protocols (e.g., TCP/IP, HTTP,
SMTP, FTP), encodings or formats (e.g., HTML, XML), and/or protection schemes (e.g.,
VPN, secure HTTP, SSL).

[0038] Furthermore, although each observing entity 112 and 114 is shown as
communicating directly with the server 118 over network 116, there may be any number of
intervening devices between the observing entity 112 or 114 and the server 118. As an
example, in some embodiments, groups of observing entities can be organized in a network
(e.g. a mesh network) and can relay messages back and forth from a particular observing

entity to the server 118.
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[0039] FIG. 2 depicts an example beacon device system 120 according to example
embodiments of the present disclosure. System 120 can be a particular implementation of
system 100 and can include a user device 127, a server 124, and a beacon device 126. User
device 127 can communicate with server 124 over a network 128. Network 128 can be any
suitable type of communications network such as network 116 in FIG. 1. According to
example embodiments of the present disclosure, beacon device 126 can provide (e.g.
broadcast using a short range wireless communication technology) an identifying signal to
user device 127. Upon receiving the identifying signal, user device 127 can determine a
geographic location of beacon device 126, and in turn, a geographic location of user device
127. For instance, user device 127 can communicate with server 124 to determine the
geographic location of beacon device 126. User device 127 can further communicate with
server 124 to determine other information associated with beacon device 126.

[0040] Server 124 can correspond to server 118 in FIG. 1 and can include one or more
databases such as beacon location database 130 and beacon information database 132.
Beacon location database 130 can include data indicative of a geographic location of one or
more beacon devices. Beacon information database 132 can include data associated with one
or more beacon devices, such as beacon device 126. In example embodiments, beacon
information database 132 can include data associated with the location of beacon device 126,
such as a restaurant or a business. For instance, if beacon device 126 is located in a cafg,
beacon information database 132 can include information associated with the café, such as a
menu or an advertisement for the café and/or discount coupons or special offers associated
with the café. In example embodiments, beacon information database 132 can organize the
information by date and time, for instance with a calendar. In particular, beacon information
database 132 can include a calendar having different information associated with different
dates and times. For instance, the calendar can associate a breakfast menu with the times of
the day that the café serves breakfast, and a lunch menu with the times of the day that the café
serves lunch. Further, the calendar can associate different menus with different dates,
depending, for instance, on the daily or weekly specials, or other various changes to the
menu.

[0041] As another example, a beacon device (e.g. beacon device 126) can be located at a
particular stage during a music festival. In such example, beacon information database 132
can include information associated with the different musical acts that play on the stage
throughout the festival. In particular, beacon information database 132 can include

information associated with the various musical acts and can associate the information with
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the respective times at which the musical acts play on the stage. For instance, such
information can include a biography of the musical act, a set list, upcoming tour dates, a link
to the musical act’s website, advertisements, discount coupons for music or merchandise, etc.
[0042] Referring still to FIG. 2, user device 127 can include user information database
134. User information database 134 can include information associated with a user of user
device 127. For instance, user information database 134 can include information organized
by time and date, such as with a calendar. In particular, the calendar can include the user’s
upcoming scheduled tasks and/or events, such as for instance, upcoming meetings, dinner
reservations, or assignments. Such calendar data can be organized according to the date and
time at which they are to occur. User information database 134 can further include a
determined geographic location of user device 127. As described above, the geographic
location can be determined based on the beacon device location, and/or other suitable

positioning techniques (e.g., GPS or network based techniques).

Example Methods of Providing Beacon-based Notifications

[0043] FIG. 3 depicts a flow diagram of an example method (200) of providing beacon-
based notifications according to example embodiments of the present disclosure. It will be
appreciated that method (200) can be implemented by one or more computing devices, such
as one or more of the computing devices depicted in FIG. 1. In addition, FIG. 3 depicts steps
performed in a particular order for purposes of illustration and discussion. Those of ordinary
skill in the art, using the disclosures provided herein, will understand that the various steps of
any of the methods disclosed herein can be omitted, adapted, modified, rearranged, or
expanded in various ways without deviating from the scope of the present disclosure.

[0044] At (202), method (200) can include detecting a beacon device. In particular,
detecting the beacon device can include receiving an identifying signal from the beacon
device. For instance, the signal can include a universally unique ID, a URL, a sequence of
bytes, an encrypted identifier, etc. At (204), method (200) can include determining a
geographic location of the user device. The geographic location can be determined, for
instance, based at least in part on the identifying signal from the beacon device. In particular,
upon receiving an identifying signal from a beacon device, the geographic location of the
beacon device can be determined, for instance, through communication with a beacon
location database, such as beacon location database 130. A corresponding location of the

user device can then be determined based at least in part on the location of the beacon device.
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[0045] At (206), method (200) can include obtaining at least a portion of contextual
beacon data associated with the beacon device. As indicated above, contextual beacon data
can include time-based data (e.g. calendar data) associated with a beacon device, and can be
determined based at least in part on spatial-temporal data associated with the user. In
particular, a beacon device can have various associated time-based data. Such data can be
organized as a calendar having different data for different dates and times. For instance, a
beacon device associated with a particular café can have associated data relating to the café.
The data can be organized according to date and time (e.g. breakfast is served from 8:00 AM
to 11:00 AM, and lunch is served from 11:00 AM to 2:00 PM).

[0046] FIG. 4 depicts a diagram of example calendar data 140 according to example
embodiments of the present disclosure. Calendar data 140 can be calendar data associated
with a particular beacon device, and can be stored, for instance, in beacon information
database 132 of FIG. 2. Calendar data 140 can include data associated with the location of a
beacon device. For instance, calendar data 140 includes a schedule of events for a cafeteria
on an office campus. As shown, the calendar data corresponding to 11:30 AM on Thursday,
January 22, 2015 indicates that lunch will be served in the cafeteria at that time. Further, the
calendar data corresponding to 12:00 PM on January 22 indicates that lunch will be served at
that time and that a Team 2 meeting has been scheduled in the cafeteria for that time.

[0047] In example embodiments, the contextual beacon data can be determined based at
least in part on spatial-temporal data associated with a user. Spatial-temporal data can
include a current location of a user and a time (e.g. a current time or a user-specified time).
Spatial-temporal data can further include data indicative of the user’s upcoming scheduled
tasks or events (e.g. calendar data). For instance, FIG. 5 depicts a diagram of example
calendar data 142 associated with a user. Calendar data 142 can be stored, for instance, in
user information database 134. It will be appreciated that calendar data 142 can be stored in
other suitable locations such as in a database associated with a remote computing device (e.g.
server 124). Calendar data 142 can include the user’s upcoming scheduled tasks and/or
events. For instance, at 12:00 PM on Thursday, January 22, 2015, calendar data 142
indicates that the user has a meeting scheduled in the cafeteria.

[0048] Calendar data 140 can be analyzed in view of the spatial-temporal data to
determine contextual beacon data. In particular, the contextual beacon data can include the
beacon calendar data that corresponds to the time and location indicated in the spatial-
temporal data. For instance, if a user enters the cafeteria (and the user device detects a

beacon device associated with the cafeteria) at 11:00 AM on January 22, 2015, the calendar
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data for that time can indicate that lunch is being served in the cafeteria. Accordingly, the
contextual beacon data can be associated with the lunch.

[0049] In embodiments in which the spatial-temporal data further includes calendar data
associated with the user (e.g. calendar data 142), at least a portion of the contextual beacon
data can be determined to be relevant to the user. Such determination can be made, for
instance, if a concurrence can be determined between the beacon calendar data 140 and the
user calendar data 142. For instance, if the user enters the cafeteria at 12:00 PM on January
22 (or, for instance, several minutes beforehand), the calendar data can indicate that lunch is
served in the cafeteria and that Team 2 has a scheduled meeting in the cafeteria at 12:00.
Additionally, the spatial-temporal data can further indicate that the user has a meeting
scheduled for the cafeteria at 12:00. Based on the calendar data and the spatial-temporal data
it can be determined that the user is in the cafeteria for the Team 2 meeting. Accordingly, the
contextual beacon data associated with the meeting can be determined to be relevant to the
user.

[0050] In example embodiments, the relevant contextual beacon data can include all of
the contextual beacon data for the indicated time or the relevant contextual beacon data can
include only a subset of the contextual beacon data. For instance, if the contextual beacon
data indicates that there are multiple meetings simultaneously scheduled for a conference
room and the spatial-temporal data indicates that the user has a meeting scheduled for the
conference room, the contextual beacon data and the spatial-temporal data can be analyzed to
determine a concurrence, and to determine which meeting the user is scheduled to attend.
Upon this determination, the relevant contextual beacon data can be indicative of the correct
meeting, and not the other meetings.

[0051] In some embodiments, it can be determined that no contextual beacon data is
relevant to the user. For instance, if the user enters the cafeteria at 2:00 PM on Friday,
January 23, 2015, the contextual beacon data can indicate that Team 3 has a currently
scheduled meeting in the cafeteria. However, the spatial-temporal data can indicate that the
user has a meeting currently scheduled in Conference Room A. Accordingly, it can be
determined that the user is in the wrong location. As will be described further below, a
notification can then be provided to the user indicating that the user is in the wrong location.
In example embodiments, the notification can provide a link to travel directions from the
user’s present location (e.g. the cafeteria) to the correct location (e.g. Conference Room A).
[0052] Referring back to FIG. 3 at (208), method (200) can include determining one or

more notifications based at least in part on the contextual beacon data. As described above, a
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notification can be indicative of information corresponding to contextual beacon data. For
instance, if contextual beacon data associated with a café indicates that lunch is currently
being served, the corresponding information can include a lunch menu. As another example,
if contextual beacon data associated with a particular stage at a music festival indicates that a
musical act is currently playing on the stage, the corresponding information can include
information relating to the band, such as a band biography, a set list, etc.

[0053] In example embodiments, notifications may be determined only for relevant
contextual beacon data. For instance, in the scenario where multiple meetings are
simultaneously scheduled for a conference room, notifications may only be determined for
the meeting that the user is scheduled to attend.

[0054] In alternative embodiments, a notification can be associated with other
information determined to be relevant to a user, such as travel directions. For instance, if a
user device detects a beacon device located at a subway station, and the spatial-temporal data
indicates that the user has an event scheduled within the next hour, a notification can be
determined that includes a link to travel directions from the user’s current location to the
location of the event. The travel directions can include subway routes and/or routes
associated with other forms of transportation.

[0055] Once the notifications have been determined, at least one of the notifications can
be provided for display on the user device (210). For instance, FIG. 6 depicts an example
notification 502 provided for display on a user device according to example embodiments of
the present disclosure. In particular, notification 502 can be displayed in a notification bar at
the top of the screen, in a pop-up notification with text, and/or in any other suitable manner.
Notification 502 can be associated with the contextual beacon data. Notification 502 can
provide a visual and/or audible indication to a user of further information associated with a
beacon device. A notification can further provide an indication to a user by causing a user
device to vibrate. For instance, notification 502 can include a link to travel directions from
the user’s current location to the location of the event. Upon a user interaction with the link,
the travel directions can be provided for display.

[0056] For instance, FIG. 7 depicts example travel directions 504 according to example
embodiments of the present disclosure. Travel directions 504 can include directions from a
current location of a user to a desired location. Travel directions 504 can include subway
routes and/or routes associated with other forms of transportation. In example embodiments,
travel directions 504 can further include directions within the interior of a building and/or

external directions outside of a building.
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[0057] FIG. 8 depicts a flow diagram of an example method (300) of providing one or
more notifications according to example embodiments of the present disclosure. At (302),
method (300) can include determining whether multiple notifications have been generated. If
only one notification has been generated, (304) and (306) can be bypassed and method (300)
can proceed to (308), which will be described in more detail below. If more than one
notification has been generated, at (304), method (300) can include filtering duplicate
notifications. A duplicate notification can be a notification associated with the same or
similar information as another notification. For instance, if more than one notification is
indicative of the same information, all but one of these notifications can be filtered such that
they are not provided for display by the user device. Duplicate notifications can occur, for
instance, if multiple beacon devices are simultaneously detected, each having the same or
similar information. As another example, duplicate notifications can occur if one beacon
device has multiple instances of the same or similar information.

[0058] Once the duplicate notifications are filtered, method (300) can include
prioritizing and ranking the notifications (306). In particular, the notifications can be ranked
according to a determination of relevance to the user. The determination can be based at least
in part on a user’s location (e.g., how close a user is to a specific location), the user’s past
behavior regarding notifications (e.g., if the user regularly ignores notifications of this type),
the user’s search history, other users’ behavior with similar notifications, machine-learning
techniques (e.g., spam recognition), the user’s location history (e.g., how often the user
travels to a location), etc. The notification determined to be most relevant to the user can be
ranked first, the next most relevant notification can be ranked second, and so on. In
alternative embodiments, notifications can be ranked based at least in part on merchant
payments and/or advertisement auctions wherein advertisers can bid on advertisement
locations.

[0059] At (308), method (300) can include removing stale notifications from display.
Stale notifications can include notifications that are no longer relevant to a user. For
instance, if a user leaves a location associated with a beacon device, the notification may no
longer be relevant. As another example, if the time period of an event at the location of the
beacon device has expired, the notification may no longer be relevant. Such stale
notifications can be removed from display by the user device.

[0060] Once the stale notifications are removed from display, method (300) can include
providing for display one or more notifications (310). In example embodiments, an amount

of notifications can be provided for display up to a predetermined priority threshold. The
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priority threshold can be indicative of the maximum number of notifications to be
simultaneously provided for display. For instance, if the priority threshold is three, and there
are more than three notifications, the three most relevant notifications can be provided for
display (e.g., the notifications ranked first, second, and third).

[0061] In example embodiments, the systems and methods provided herein can be
implemented using a client-server architecture. For instance, FIG. 9 depicts a flow diagram
of an example method (600) of providing notifications according to example embodiments of
the present disclosure. At (602), method (600) can include detecting, by a user device, a
beacon device. For instance, detecting a beacon device can include receiving a signal from
the beacon device indicative of an identification the beacon device. At (604), the user device
can provide the beacon device identification to a remote computing device. At (606) the
remote computing device can receive the beacon device identification. At (608) the remote
computing device can determine a location of the beacon device based at least in part on the
beacon device identification. At (610), the remote computing device can provide the beacon
device location to the user device. At (612), the user device can receive the beacon device
location.

[0062] At (614), the user device can determine a location of the user device based at
least in part on the beacon device location. In alternative embodiments, the user device can
determine the user device location using other suitable location determination techniques
(e.g. GPS, WiFi, cell network, etc.) At (616) the user device can provide the user device
location to the remote computing device. At (618), the remote computing device can receive
the user device location.

[0063] At (620), the remote computing device can access time-based data associated
with the beacon device and spatial-temporal data associated with the user. As indicated
above, the time-based beacon data can include calendar data associated with the beacon
device. The spatial-temporal data can include the location of the user device, and a time (e.g.
the current time and/or a user specified time). The spatial-temporal data can further include
calendar data associated with a user of the user device. For instance, in example
embodiments the spatial-temporal data can be stored using the iCalendar standard (defined in
RFC 5545). The spatial-temporal data can be stored in a database associated with the remote
computing device or other computing device. In alternative embodiments, at least a portion
of the spatial-temporal data can be stored in the user device.

[0064] At (622), the remote computing device can determine time-based contextual

beacon data based at least in part on the spatial-temporal data. At (624), the remote
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computing device can provide at least a portion of the contextual beacon data to the user
device. At (626), the user device can obtain the at least a portion of contextual beacon data.
At (628) the user device can determine one or more notifications based at least in part on the
contextual beacon data. At (630), the user device can provide for display at least one of the

one or more notifications.

Example Computing System for Providing Beacon-based Notifications

[0065] FIG. 10 depicts an example computing system 400 that can be used to implement
the methods and systems providing beacon-based notifications according to example aspects
of the present disclosure. System 400 can include a user device 410. User device 410 can be
any suitable type of mobile computing device, such as a smartphone, tablet, cellular
telephone, wearable computing device, or any other suitable mobile computing device
capable of being carried by a user while in operation. User device 410 can include one or
more processor(s) 412 and one or more memory devices 414.

[0066] The one or more processor(s) 412 can include any suitable processing device,
such as a microprocessor, microcontroller, integrated circuit, logic device, one or more
central processing units (CPUs), graphics processing units (GPUs) dedicated to efficiently
rendering images or performing other specialized calculations, and/or other processing
devices, such as a system on a chip (SoC) or a SoC with an integrated RF transceiver. The
one or more memory devices 414 can include one or more computer-readable media,
including, but not limited to, non-transitory computer-readable media, RAM, ROM, hard
drives, flash memory, or other memory devices.

[0067] The one or more memory devices 414 can store information accessible by the one
or more processors 412, including instructions 416 that can be executed by the one or more
processors 412. For instance, the memory devices 414 can store instructions 416 for
implementing one or more modules configured to implement a scan module 420, a user data
module 422, a notification module 424, and/or various aspects of any of the methods
disclosed herein. Scan module 420 can be configured to scan for one or more beacon
devices. User data module 422 can be configured to determine spatial-temporal data
associated with a user. Notification module 424 can be configured to generate and provide
for display one or more notifications associated with a beacon device.

[0068] The one or more memory devices 414 can also include data 418 that can be
retrieved, manipulated, created, or stored by the one or more processors 412. The data can

include, for instance, beacon information, calendar data and/or other information.
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[0069] It will be appreciated that the term “module” refers to computer logic utilized to
provide desired functionality. Thus, a module can be implemented in hardware, application
specific circuits, firmware and/or software controlling a general purpose processor. In one
embodiment, the modules are program code files stored on the storage device, loaded into
one or more memory devices and executed by one or more processors or can be provided
from computer program products, for example computer executable instructions, that are
stored in a tangible computer-readable storage medium such as RAM, ROM, flash memory,
hard disk or optical or magnetic media. In example embodiments, modules can be
implemented in hardware independent of the one or more processors. For instance, a module
can be implemented using a WiF1 and/or Bluetooth transceiver, module or microcontroller.
When software is used, any suitable programming language or platform can be used to
implement the module.

[0070] User device 410 can include various input/output devices for providing and
receiving information from a user, such as a touch screen, touch pad, data entry keys,
speakers, and/or a microphone suitable for voice recognition. For instance, user device 410
can have a display 415 for presenting a user interface to a user. User device 410 can further
include a communication system 417. Communication system 417 can be used to
communicate with a beacon device, such as beacon device 450.

[0071] User device 410 can further include a positioning system 419. The positioning
system 419 can be any device or circuitry for determining the position of remote computing
device. For example, the positioning device can determine actual or relative position by
using a satellite navigation positioning system (e.g. a GPS system, a Galileo positioning
system, the GLObal Navigation satellite system (GLONASS), the BeiDou Satellite
Navigation and Positioning system), an inertial navigation system, a dead reckoning system,
based on IP address, by using triangulation and/or proximity to cellular towers or WiFi
hotspots, WiFi time-of-flight, and/or other suitable techniques for determining position.
[0072] User device 410 can also include a network interface used to communicate with
one or more remote computing devices (e.g. server 430) over a network 440. The network
interface can include any suitable components for interfacing with one more networks,
including for example, transmitters, receivers, ports, controllers, antennas, or other suitable
components.

[0073] In some implementations, the user device can be in communication with a remote
computing device, such as a server 430 over network 440. Server 430 can be one or more

computing devices, such as described above with regard to server 118 in FIG. 1.
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[0074] Similar to the user device 410, server 430 can include one or more processor(s)
432 and a memory 434. The one or more processor(s) 432 can include one or more central
processing units (CPUs), and/or other processing devices. The memory 434 can include one
or more computer-readable media and can store information accessible by the one or more
processors 432, including instructions 436 that can be executed by the one or more processors
432, and data 438. For instance, the memory 434 can store instructions 436 for implementing
a beacon data module for determining time-based contextual beacon data associated with a
beacon device.

[0075] Server 430 can also include a network interface used to communicate with
computing device 410 over network 440. The network interface can include any suitable
components for interfacing with one more networks, including for example, transmitters,
receivers, ports, controllers, antennas, or other suitable components.

[0076] Network 440 can be any type of communications network, such as a local area
network (e.g. intranet), wide area network (e.g. Internet), cellular network, or some
combination thereof. Network 440 can also include a direct connection between user device
410 and server 430. Network 440 can include any number of wired or wireless links and can
be carried out using any suitable communication protocol.

[0077] System 400 can further include one or more beacon devices, such as beacon
device 450. Beacon device 450 can broadcast messages such as described with regard to
beacon devices 102-110 in FIG. 1. Beacon device 450 can be implemented using any
suitable computing device(s). Although only one beacon device is depicted in FIG. 10, it will
be appreciated by those skilled in the art that any suitable number of beacon devices can be
included in system 400.

[0078] The technology discussed herein makes reference to servers, databases, software
applications, and other computer-based systems, as well as actions taken and information sent
to and from such systems. One of ordinary skill in the art will recognize that the inherent
flexibility of computer-based systems allows for a great variety of possible configurations,
combinations, and divisions of tasks and functionality between and among components. For
instance, server processes discussed herein may be implemented using a single server or
multiple servers working in combination. Databases and applications may be implemented
on a single system or distributed across multiple systems. Distributed components may
operate sequentially or in parallel.

[0079] While the present subject matter has been described in detail with respect to

specific example embodiments thereof, it will be appreciated that those skilled in the art,

18



WO 2016/141133 PCT/US2016/020595

upon attaining an understanding of the foregoing may readily produce alterations to,
variations of, and equivalents to such embodiments. Accordingly, the scope of the present
disclosure is by way of example rather than by way of limitation, and the subject disclosure
does not preclude inclusion of such modifications, variations and/or additions to the present

subject matter as would be readily apparent to one of ordinary skill in the art.
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WHAT IS CLAIMED IS:

1. A computer-implemented method of providing notifications to a user, the method

comprising:

detecting, by one or more computing devices, a beacon device;

obtaining, by the one or more computing devices, at least a portion of time-based
contextual data associated with the beacon device, the at least a portion of time-based
contextual data being identified based at least in part on spatial-temporal data associated with
a user;

determining, by the one or more computing devices, one or more notifications
based at least in part on the time-based contextual data; and

providing for display, by the one or more computing devices, at least one of the
one or more notifications.

2. The computer-implemented method of claim 1, wherein detecting the beacon
device comprises receiving an identifying signal from the beacon device.

3. The computer-implemented method of claim 2, further comprising providing, by
the one or more computing devices, data indicative of the identifying signal to a remote
computing device;

wherein obtaining at least a portion of time-based contextual data comprises
receiving, by the one or more computing devices, the at least a portion of time-based
contextual data from the remote computing device.

4. The computer-implemented method of claim 2, further comprising:

determining, by the one or more computing devices, a geographic location of the
beacon device based at least in part on the identifying signal; and

determining, by the one or more computing devices, a user location based at least
in part on the geographic location of the beacon device;

5. The computer implemented method of claim 1, wherein the time-based
contextual data comprises calendar data associated with the beacon device.

6. The computer-implemented method of claim 1, wherein the spatial-temporal data
comprises calendar data associated with the user.

7. The computer-implemented method of claim 1, wherein the spatial-temporal data
comprises a user location and either a current time or a user specified time.

8. The computer-implemented method of claim 1, further comprising:

receiving, by the one or more computing devices, a user input associated with the

at least one of the one or more notifications; and
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responsive to the user input, performing one or more actions associated with the
time-based contextual data.

9. The computer-implemented method of claim 8, wherein the one or more actions
comprises providing for display travel directions to a destination determined to be relevant to
a user based at least in part on the spatial-temporal data.

10. The computer-implemented method of claim 8, wherein the one or more actions
comprises providing for display information associated with the at least a portion of time-
based contextual data.

11. The computer-implemented method of claim 1, wherein providing for display at
least one of the one or more notifications further comprises ranking the one or more
notifications based at least in part on the relevance of the notifications to the user, and
providing for display the notifications that are above a priority threshold.

12. The computer-implemented method of claim 11, wherein the ranking is
determined based at least in part on at least one of a geographic location of the user, a search
history of the user, or a location history of the user.

13. The computer-implemented method of claim 1, wherein providing for display at
least one of the one or more notifications further comprises identifying one or more duplicate
notifications, and filtering the one or more duplicate notifications such that the one or more
duplicate notifications are not provided for display to the user.

14. A computing system comprising:

one or more processors; and
one or more memory devices storing computer-readable instructions that when
executed by the one or more processors cause the one or more processors to perform
operations, the operations comprising:
receiving, from a user device, data indicative of a beacon device
identification;
determining time-based contextual data associated with the beacon device
based at least in part on the data indicative of the beacon device identification; and
providing at least a portion of the time-based contextual data to the user
device, the at least a portion of time-based contextual data being identified based at least in
part on spatial-temporal data associated with a user.
15. The computing system of claim 14, further comprising:
determining a location of the beacon device based at least in part on the beacon

device identification;
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providing the location of the beacon device to the user device; and
receiving, from the user device, a location of the user device, the location of the
user device being determined based at least in part on the location of the beacon device.

16. The computing system of claim 14, wherein the spatial-temporal data comprises a
user location and either a current time or a user specified time.

17. The mobile computing device of claim 16, wherein the spatial-temporal data
further comprises calendar data associated with the user.

18. One or more non-transitory computer-readable media storing computer-readable
instructions that when executed by one or more processors cause the one or more processors
to perform operations, the operations comprising:

receiving an identifying signal from a beacon device;

obtaining at least a portion of time-based contextual data associated with the
beacon device, the at least a portion of time-based contextual data being identified based at
least in part on spatial-temporal data associated with a user;

determining one or more notifications based at least in part on the time-based
contextual data; and

providing for display at least one of the one or more notifications.

19. The one or more non-transitory computer-readable media of claim 18, further

comprising:

receiving, by the one or more computing devices, a user input associated with the
at least one of the one or more notifications; and

responsive to the user input, performing one or more actions associated with the
time-based contextual data.

20. The one or more non-transitory computer-readable media of claim 18, wherein
the at least a portion of time-based contextual beacon data is identified by determining a
concurrence between calendar data associated with the beacon device and calendar data

associated with the user.
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