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(57) Abstract: Systems and methods for determining semantic place names from one or more location reports received from a user
device are provided. High quality visits for a candidate semantic place location from a plurality of previously obtained location re -
ports can be aggregated and used to generate a point cloud for the semantic place location. A high quality visit can correspond to a
visit by a device that is determined to be associated with a candidate semantic place location with greater likelihood relative to a
plurality of other candidate semantic place locations. Data associated with one or more point clouds can be accessed and used to sup-
port determinations of semantic place name for one or more location reports. In example embodiments, the semantic place name can
be stored as part ot a location history and/or provided for display in a user interface presented on a display device.



WO 2016/175940 PCT/US2016/023665
DETERMINING SEMANTIC PLACE NAMES FROM LOCATION REPORTS

FIELD
[0001] The present disclosure relates generally to determining device location, and more
particularly to systems and methods for determining semantic place names and related data

based at least in part on one or more location reports.

BACKGROUND
[0002] Many different techniques exist for attempting to determine a location associated
with a device. For example, location based on GPS, IP address, cell triangulation, proximity
to Wi-Fi access points, proximity to beacon devices, or other techniques can be used to
identify a location of a device. Given the desire to respect user privacy, device location may
only be determined if a user provides consent. Any authorized sharing of user location data
can be secure and private, and can be shared only if additional consent is provided. For many
purposes, user identity associated with the location of a device can be configured in an
anonymous manner such that user assistance and information related to a specific location
can be provided without a need for user-specific information.
[0003] The locations reported by one or more devices can be raw location data. For
example, the reported location can be a geocode that identifies a latitude and longitude.
Therefore, such raw location data can fail to identify a name of the particular entity (e.g. the
name of the restaurant, park, or other point of interest) that the user was visiting at the time.
Systems exist for determining the semantic location of the user device. The semantic
location can include the identity or name of the particular entity (e.g. the name of the
particular restaurant, store, park, or other point of interest) the user carrying the device was
located at a particular time. To determine semantic location, raw location data (e.g.
geographic coordinates) can be compared to a database of information associated with known

places (e.g. local businesses) to infer the most likely semantic location of the user.

SUMMARY
[0004] 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.
[0005] One example aspect of the present disclosure is directed to a computer-

implemented method of determining a semantic place name of a location visited by a user
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device. The method includes receiving, by one or more computing devices, at least one
location report associated with a user device. The method further includes accessing, by the
one or more computing devices, data associated with one or more point clouds. Each point
cloud is associated with a candidate semantic place location. Each point cloud is generated
from previously obtained location reports aggregated for a plurality of devices. Each point
cloud has a plurality of data points. Each data point corresponds to a high quality visit by one
of the plurality of devices to the candidate semantic place location associated with the point
cloud. The method further includes identifying, by the one or more computing devices, a
semantic place name visited by the user device based at least in part on the location report
and the one or more point clouds. Each high quality visit is identified as a visit by one of the
plurality of devices that is determined to be associated with the candidate semantic place
location with greater likelihood relative to a plurality of other candidate semantic place
locations.

[0006] Other example aspects of the present disclosure are directed to systems, apparatus,
tangible, non-transitory computer-readable media, user interfaces, memory devices, and
electronic devices for determining device location (e.g. semantic place name) and/or
analyzing location reports.

[0007] 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
[0008] Detailed discussion of embodiments directed to one of ordinary skill in the art are
set forth in the specification, which makes reference to the appended figures, in which:
[0009] FIG. 1 depicts an example user interface providing semantic place name
information according to example embodiments of the present disclosure;
[0010] FIG. 2 depicts an example system for determining semantic place names
according to example embodiments of the present disclosure;
[0011] FIG. 3 depicts a flow diagram of an example method for determining semantic

place names according to example embodiments of the present disclosure;
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[0012] FIG. 4 depicts an example representation of a point cloud for a first candidate
semantic place location determined according to example embodiments of the present
disclosure;

[0013] FIG. 5 depicts a plurality of example location reports used to determine a semantic
place name according to example embodiments of the present disclosure;

[0014] FIG. 6 depicts a flow diagram of an example method for determining a semantic
place name based at least in part on one or more location reports and a point cloud according
to example embodiments of the present disclosure;

[0015] FIG. 7 depicts a flow diagram of an example method for generating a point cloud
for a candidate semantic location according to example embodiments of the present
disclosure; and

[0016] FIG. 8 depicts an example computing environment for determining a semantic

place name according to example embodiments of the present disclosure.

DETAILED DESCRIPTION
[0017] Reference now will 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 present disclosure. 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.
[0018] Example aspects of the present disclosure are directed to determining semantic
place names for a user’s visits from raw location data (e.g. latitude, longitude coordinates)
associated with location reports corresponding to the user’s visits. As used herein, a semantic
place name refers to the name of the entity where a device is located. For instance, a
semantic place name can include the name of a restaurant, park, store, or other point of
interest.
[0019] Various techniques can be used to determine a semantic place name associated
with a location report. For instance a semantic place name can be determined by obtaining a

location report and inferring the semantic place location of the user from data associated with
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the location report. In example implementations, the semantic place location can be inferred
using an inference module by comparing the raw location data associated with the location
report with data corresponding to the geographic location of semantic place locations (e.g.
building locations). For example, the semantic place name can be determined based at least
in part on a distance (e.g. a distance signal) from a location (e.g. latitude, longitude, etc.)
associated with the location report to the location of the various semantic place locations
located nearby. Other signals can also be used to determine semantic place location, such as
Wi-Fi signal strengths, search history, location history, social signals, etc.

[0020] The efficacy of these approaches can be dependent on the quality of the location
reports and the accuracy of data available with respect to semantic place locations (e.g.
building geometry). In certain instances, the data associated with the location report can be
inaccurate. For instance, location reports from devices located inside buildings can be
imprecise for a variety of technical reasons (e.g. lack of GPS signals). This can make it
challenging to infer the true position of the device, much less the semantic place name of the
location being visited by the user. Moreover, certain data (e.g. building geometry data)
associated with semantic location can be sparse or unavailable. As a result, a distance signal
used to determine semantic place name can be a measure of a distance between imprecise
locations: that of the user device and that of a representative point for a building. Moreover,
not all user devices can provide the same number of signals for determining semantic place
name.

[0021] According to example aspects of the present disclosures, techniques are provided
for enhancing the accuracy of semantic place names determined for location reports received
from user devices. More particularly, previously obtained location reports from a plurality of
devices are analyzed to identify high quality visits to candidate semantic place locations. A
high quality visit can be a visit where the likelihood of being located at a particular candidate
semantic place location is greater than a likelihood of being located at each of a plurality of
other candidate semantic place locations as obtained and determined, for instance, by an
inference module. A high quality visit can occur, for instance, when a visit to a candidate
semantic place location is strongly suggested by one or more signals indicative of semantic
place location, such as but not limited to, distance signals, past search history, past visits, Wi-
Fi signal strengths, social signals (e.g. check-ins), and other signals.

[0022] High quality visits for a candidate semantic place location from a plurality of

location reports can be aggregated and used to generate a point cloud for the semantic place
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location. The point cloud can include a plurality of data points. Each data point can
correspond to a high quality visit. Each data point can be associated with data indicative of a
geographic location and data indicative of the semantic place location corresponding to the
high quality visit. According to example aspects of the present disclosure, the point cloud
can be accessed and used to support determinations of semantic place name for a location
report.

[0023] In one example implementation, one or more location reports for a user device can
be matched to a point cloud. If the location report(s) aligns with, corresponds to, tracks,
and/or otherwise matches a pattern of data points in a point cloud, this can be used to support
an inference that the location report is associated with a semantic place name corresponding
to the candidate semantic location associated with the point cloud.

[0024] In another example implementation, a pattern can be extracted from one or more
point clouds. The pattern can include a plurality of geographic cells. Each cell can be
associated with a probability value determined based on the presence of data points
associated with the one or more point clouds in the geographic cells. The probability value
can be indicative of the probability of a location report being located within the cell being
associated with a candidate semantic place location. A location report received from a user
device can be matched to the geographic cell and the probability value associated with the
cell can be used to determine a semantic place name for the location report.

[0025] As an example, a location report can be received from a user device. The location
report may not be associated with signals strongly indicative of semantic place location. For
example, distance signals associated with the location report may indicate that the location
report corresponds to a location having a distance to a first candidate semantic place location
(e.g. “Bistro 277) that is relatively equal or close to a distance to a second candidate semantic
place location (e.g. “Mona’s Kitchen). To obtain a semantic place name for the location
report, point clouds associated with the Bistro 27 and Mona’s Kitchen can be accessed. If the
location report is matched with the point cloud associated with Bistro 27, it can support a
determination that the semantic place name for the location report is Bistro 27.

[0026] In some embodiments, in order to obtain the benefits of the techniques described
herein, a user may be required to allow the collection and analysis of location information
associated with a user or device. For example, in some embodiments, users may be provided
with an opportunity to control 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
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benefits of the techniques described herein (e.g. may not be provided information associated
with semantic place name). The user can also be provided with tools to revoke or modify
consent. In addition, 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. For example,
embodiments of the disclosed technology can be configured to enhance user privacy by
removing identifiers for mobile devices or users. In some instances, device and/or user
identifiers can be replaced with a lossy device indicator which might conflate a large number
of devices or users into a single identifier.

[0027] With reference now to the FIGS., example embodiments of the present disclosure
will be discussed in further detail. FIG. 1 depicts an example user interface 100 displaying
semantic place names (e.g. “home”, “work”, “Whisky Club,” “Coffee Shop”) determined
from location reports received from a user device. The user interface 100 can be provided for
display on a display device 112, such as the display screen of a smartphone, tablet, wearable
computing device, laptop, desktop, display with one or more processors, or other suitable
computing device. The example semantic place names in FIG. 1 are displayed as a part of a
location history determined for the user device. Those of ordinary skill in the art, using the
disclosures provided herein, will understand that the semantic place names can be provided in
other suitable contexts, such as a display of information associated with a current location of
a user device.

[0028] As shown, the user interface 100 can include a timeline 102 and a map 104.
Timeline 102 can provide a chronological listing of semantic place locations visited by the
user. For example, timeline 102 indicates that, according to the user’s location history, on
September 18, 2014 the user was at the user’s home at about 9:30 AM; spent about 20
minutes in the Mission District area; was at the user’s workplace from about 10:30 AM to
8:30 PM; spent about 1 hour in the Visticon Valley area; was at The Whiskey Club bar from
about 10:45 PM to 11:15 PM; was at Coffee Shop from about 11:30 PM to 11:45 PM; and
then returned home at midnight. As will be discussed in more detail below, the semantic
place locations of the user device can be inferred from location reports received from the user
device according to example aspects of the present disclosure.

[0029] User interface 100 can provide one or more opportunities for the user to verify or
validate semantic place location information. For example, portion 106 of timeline 102
offers an opportunity for the user to confirm that she did in fact visit The Whiskey Club.

Furthermore, portion 106 can also provide an opportunity for the user to confirm that she
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visited The Whiskey Club from 10:45 PM to 11:15 PM. In further embodiments,
opportunities can be provided for the user to confirm the presence of one or more additional
users that visited the location entity with the user. The user interface 100 can provide various
opportunities for the user to edit, control, share, personalize, or otherwise modify, explore, or
interact with her location history.

[0030] Map 104 can provide a graphical depiction of the user’s location as it changed
over the course of the selected time period. For example, one or more routes (e.g. route 108)
taken by the user can be overlaid upon a map showing the corresponding geographical area
traversed by the user. In addition, one or more icons (e.g. icon 110) indicating particular
location entities visited by the user can be overlaid upon the map. Similar to timeline 102, in
some implementations, map 104 can be interactive and editable. Furthermore, in some
embodiments, route 108 can be an approximated route between location entities identified as
having been visited by the user.

[0031] FIG. 2 depicts an overview of an example system 200 for determining semantic
place names for location reports according to example embodiments of the present disclosure.
The system 200 includes a point cloud module 210 and an inference module 230. The point
cloud module 210 and the inference module 230 can be implemented by one or more
computing devices, such as one or more of the computing devices depicted in FIG. 8.

[0032] The point cloud module 210 can be configured to access a plurality of location
reports 205 previously obtained or reported from a plurality of different devices. The point
cloud module 210 can be configured to generate point clouds 215 for each of a plurality of
candidate semantic locations based on high quality visits determined for each candidate
semantic place location from the plurality of location reports 205. The inference module 230
can receive one or more user location reports 220 from a user device. The inference module
230 can then infer a semantic place name associated with a visit corresponding to the user
location reports 220 based on the point clouds 215 generated by the point cloud module 210
as well as other signals 225 indicative of semantic place location.

[0033] 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
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stored in a tangible computer-readable storage medium such as RAM, ROM, flash memory,
hard disk or optical or magnetic media. When software is used, any suitable programming
language or platform can be used to implement the module.

[0034] Point cloud module 210 can be configured to access a plurality of previously
obtained location reports 205 received from a plurality of different user devices. The point
cloud module 210 can analyze the plurality of previously obtained location reports 205 to
determine if any of the location reports 205 correspond to a high quality visit with a semantic
place location. A high quality visit corresponds to a location report that is determined to be
associated with a candidate semantic place location with greater likelihood relative to a
plurality of other candidate semantic place locations. For instance, a high quality visit can
correspond to a location report having a confidence score for a candidate semantic place
location greater than a threshold confidence relative to confidence scores for other candidate
semantic place locations.

[0035] If a location report does correspond to a high quality visit with a candidate
semantic place location, a data point corresponding to the location report can be generated for
a point cloud associated with the candidate semantic place location. The data point can
include data indicative of geographic location (e.g. latitude and longitude) of the location
report as well as other information, such as a time stamp indicative of the time the user device
was located at the particular location.

[0036] According to example aspects of the present disclosure, the inference module 230
can infer or determine semantic place location from user location report(s) 220 based at least
in part on the point clouds 215 generated by the point cloud module 210. More particularly,
the inference module 230 can receive signals indicative of location report(s) 220 from, for
instance, a user device. The location report(s) 220 can provide historical or current
information about user device location. The location report(s) 220 can provide position
information associated with the user device (e.g. latitude, longitude) and a time stamp
associated with the location report. The location report can be determined, for instance, using
a positioning system associated with the user device. The positioning system can generate
the location report based on, for instance, GPS signals, IP address, cell triangulation,
proximity to Wi-Fi access points, proximity to beacon devices, etc.

[0037] The inference module 230 can be configured to process the location report(s) 220
to determine a semantic place name or label for each of the location report(s) 220. For

instance, in one embodiment, the location report(s) 220 can be clustered into segments based
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on various factors, such as distance. A plurality of candidate semantic locations can be
identified for each segment. The plurality of candidate semantic locations can be identified,
for instance, based on mapping data identifying one or more candidate semantic place
locations that are proximate to (e.g. within a threshold distance of) the location of the
segments.

[0038] The inference module 230 can then determine confidence scores for each of the
candidate semantic place locations. The confidence scores can be indicative of the
probability that a location report is associated with a particular candidate semantic place
location. The confidence scores can be determined based on a variety of factors, such as
distance from a position associated with the location report(s) to a point associated with the
candidate semantic place location. The semantic place name can be determined based at least
in part on the confidence scores. For instance, the candidate semantic location associated
with the highest confidence score can be selected as the candidate semantic place name for
the location report(s).

[0039] Other signals indicative of semantic place location 225 can also be processed by
the inference module to determine confidence scores for each of the candidate semantic place
locations. These additional signals can include one or more of search history, location
history, social signals, wireless network scans, etc. For instance, if a user previously
conducted a search via a search engine for information concerning one of the candidate
semantic place locations, this can be used to increase the confidence score for the candidate
semantic place location. As another example, a social signal (e.g. a user check-in with a
candidate semantic location) can be used by the inference module 230 to infer that a location
report is more likely associated with the candidate semantic location where the check-in
occurred.

[0040] According to aspects of the present disclosure, the inference module 230 can
access the point clouds 215 generated by the point cloud module 210 to support or determine
an inference that one or more location report(s) 220 are associated with a candidate semantic
place location. For instance, the location report(s) 220 can be matched with one or more
point clouds. The semantic place name can be determined by the inference module 230 based
on a closeness of the match with a particular point cloud associated with a candidate semantic
place location. Alternatively and/or in addition, the point clouds 215 can be aggregated to
determine a pattern. The pattern can provide data indicative of a probability of being

associated with a particular candidate semantic place location depending on a particular
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geographic location associated with the location report. The semantic place name can be
determined by the inference module 230 based at least in part on the determined probability.
[0041] The semantic place names determined by the inference module 230 can be used
for a variety of purposes. For instance, the semantic place names can be provided for display
on a user interface, such as part of a mapping application or service implemented on the user
device. The semantic place names can also be stored in a memory as part of a location
history determined for a user device. In some implementations, the semantic place names can
be accessed to enhance social media, mapping applications, or other suitable applications. In
some implementations, the semantic place names can be accessed using an application
programming interface (API).

[0042] FIG. 3 depicts a flow diagram of an example method (300) for determining
semantic place names according to example embodiments of the present disclosure. Method
(300 can be implemented by one or more computing devices, such as one or more of the
computing devices depicted in FIG. 8. In particular implementations, the method (300) can
be implemented by the inference module 230 depicted in FIG. 2. 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 steps of any of
the methods discussed herein can be adapted, rearranged, expanded, omitted, or modified in
various ways without deviating from the scope of the present disclosure.

[0043] At (302), the method includes receiving one or more location reports for a user
device. The location reports can include data indicative of raw location (e.g. latitude,
longitude coordinates) as well as other information, such as a time stamp associated with the
location report. The location reports can be generated by a positioning system associated
with a user device.

[0044] At (304), the method includes identifying a plurality of candidate semantic place
locations for the location reports. The candidate semantic place locations can be determined
based on a variety of factors. For instance, the candidate semantic place locations can be
determined by clustering location reports into segments and identifying from mapping data
candidate semantic place locations that are proximate to the segments.

[0045] At (3006), data associated with one or more point clouds can be accessed. More
particularly, data associated with a point cloud for each of the plurality of candidate semantic
place locations can be accessed. Each point cloud can be generated, for instance, by

identifying high quality visits corresponding to the plurality of candidate semantic locations
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from a plurality of previously obtained locations reports. Each point cloud can include a
plurality of data points. Each data point can correspond to a high quality visit to the
candidate semantic place location associated with the point cloud.

[0046] For example, FIG. 4 depicts a representation of one example point cloud 400
determined for a candidate semantic place location according to example embodiments of the
present disclosure. The point cloud 400 is associated with candidate semantic place location
A. As shown, the point cloud 400 can include a plurality of data points 410. Each data point
410 corresponds to a high quality visit for candidate semantic place location A determined
from previous obtained location reports.

[0047] Referring back to FIG. 3 at (308), a confidence score can be determined for each
of the plurality of candidate semantic place locations based at least in part on the one or more
point clouds The confidence score is indicative of the likelihood (e.g. probability) of the
location report being associated with a particular candidate semantic place location. The
confidence score can be determined based on various factors. One factor can be the distance
between a geographic point associated with the location report and one or more points
associated with the candidate semantic place location. Other suitable factors can be based on
signals indicative of search history, location history, social signals, and other information.
[0048] The confidence score can also be based on data extracted or identified from the
one or more point clouds associated with the candidate semantic place locations. For
instance, in one implementation, the confidence score can be based on a closeness of a match
between one or more location reports received from the user device and one or more data
points in a point cloud. For instance, the more matches that occur between location reports
and data points in the point cloud, the higher the confidence score for the candidate semantic
place location. A match can occur between a location report and a data point in a point cloud
when the location corresponding to the location report is proximate to (e.g. within a threshold
distance) a location associated with a data point in the point cloud.

[0049] As an example, FIG. 5 depicts a plurality of location reports 420 obtained for a
user device. Certain of the location reports 420 can be determined to match one or more data
points 410 associated with the point cloud 400 generated for candidate semantic place
location A shown in FIG. 4. The number of location reports 420 determined to match the
data points 410 can be used to determine a confidence score that the user device was located

at candidate semantic location A.
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[0050] In addition and/or in the alternative, the plurality of point clouds can be analyzed
to determine one or more patterns. The pattern can include a plurality of geographic cells.
The geographic cells can be obtained by subdividing a geographic area into distinct regions.
Those of ordinary skill in the art, using the disclosures provided herein, will understand that
the pattern can include any number of geographic cells of any size.

[0051] Each geographic cell can provide a probability value of being associated with each
of a plurality of candidate semantic place locations. The probability value for a candidate
semantic place location can be indicative of the likelihood of a location report determined to
be located within the geographic cell to be associated with a candidate semantic place
location. The probability value can be determined, for instance, based on the number of data
points in the geographic cell in the point cloud for the candidate semantic place location.
[0052] For example, FIG. 4 subdivides a geographic area into a plurality of geographic
cells 430. Each cell 430 can provide a probability value of being associated with candidate
semantic place location A. The probability value for a geographic cell 430 of being located
at candidate semantic place location A can be determined based on the number of data points
410 located within the geographic cell 430 for candidate semantic place location A.

[0053] FIG. 6 depicts a flow diagram of an example method (500) for determining a
confidence score for a candidate semantic place location based at least in part on a pattern
extracted from one or more point clouds according to example embodiments of the present
disclosure. At (502), the method can include accessing the pattern extracted from the one or
more point clouds. As discussed above, the pattern can include a plurality of geographic
cells. Each geographic cell can provide a probability value of being located at each of one or
more candidate semantic place names. The probability value can be determined based at
least one the one or more point clouds. For instance, the probability value provided by a
geographic cell for a candidate semantic place location can be determined based on a number
of data points of the point cloud for the candidate semantic place location that are located
within the geographic cell.

[0054] At (504), the method includes matching a location report to a geographic cell. For
instance, a location report received from a user device can be matched with the geographic
cell encompassing the location associated with the location report. At (506), the probability
value for each candidate semantic place name associated with the geographic cell can be
identified. The confidence score for each candidate semantic place name can then be

determined on the probability value for the candidate semantic place name (508). For
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example, higher probability values for candidate semantic place names can result in
increasing the confidence scores for the candidate semantic place names.

[0055] Referring back to FIG. 3 at (310) a semantic place name is determined for the
location reports. The semantic place name can be determined based at least in part on the
confidence scores for the plurality of candidate semantic place locations. For instance, the
semantic place name can be determined as the name of the candidate semantic place location
associated with the highest confidence score.

[0056] At (312), the semantic place name for the location report(s) can be stored in one or
more memory devices. For instance, the semantic place name can be stored as part of a
location history for a user. The semantic place name can then be used for a variety of
purposes. For instance, at (314) the semantic place name can be provided for display in a
user interface, such as the user interface 100 of FIG. 1.

[0057] FIG. 7 depicts a flow diagram of an example method (600) for generating the one
or more point clouds used in determining semantic place name according to example aspects
of the present disclosure. The method of FIG. 7 can be implemented by one or more
computing devices, such as one or more of the computing devices depicted in FIG. 8. In
particular implementations, the method (600) can be implemented by the point cloud module
210 of FIG. 2.

[0058] At (602) of FIG. 7, the method includes obtaining location reports from a plurality
of devices. For instance, location reports obtained over a period of time from a plurality of
devices can be stored in a memory device, such as a memory device at a server. The location
reports can be accessed from the memory. At (604), a plurality of candidate semantic place
locations for each location report can be identified.

[0059] Confidence scores for each candidate semantic place location can then be
determined at (606). The confidence score for each candidate semantic place location can be
indicative of the likelihood of a location report corresponding to or being located at the
candidate semantic place location. As discussed above, the confidence scores for each
candidate semantic place location can be determined based on a various signals, such as
distance from the location report to a point or building outline associated with the candidate
semantic location. The confidence scores can be determined based on other signals indicative
of semantic place location, such as search history, wireless network scans, social signals, etc.
[0060] Once the confidence scores have been determined have been determined for the

candidate semantic place names, it can be determined whether the location report corresponds
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to a high quality visit (608). For instance, the location report can correspond to a high quality
visit when the confidence score for a candidate semantic place name is significantly greater
than a confidence score for the other candidate semantic place names for the location report.
[0061] In particularly implementations, the location report can be determined to
correspond to a high quality visit with a candidate semantic place location when a confidence
score for the candidate semantic place location is greater than a threshold confidence relative
to the plurality of other candidate semantic place locations for the location report. In specific
implementations, a location report can correspond to a high quality visit for a candidate
semantic place location when the confidence score for the candidate semantic place location
is greater than a threshold confidence of about 25% relative to the confidence scores for the
other candidate semantic place locations. As used herein, the term “about” when used in
conjunction with numerical values is intended to refer to within 20% of the stated numerical
value.

[0062] As an example, four candidate semantic place locations can be identified for a
location report: Location A, Location B, Location C, and Location D. A confidence score
can be determined for each of Location A, Location B, Location C, and Location D based on
signals indicative of semantic place location. The confidence score for Location A can be
87.483%. The confidence score for Location B can be 9.304%. The confidence score for
Location C can be 0.282%. The confidence score for Location D can be 0.249%. In this
example, the confidence score for Location A is greater than a threshold confidence of 25%
relative to the confidence score for Location B, Location C, and Location D. Accordingly,
the location report can be identified as a high quality visit with Location A.

[0063] Referring to FIG. 7 at (610), a data point is generated for a point cloud associated
with a candidate semantic place location for each high quality visit determined for the
candidate semantic place location. The data point can then be associated with the point cloud
for the candidate semantic place location in one or more memory devices (612). The point
cloud can be accessed for determination of semantic place name according to example
aspects of the present disclosure.

[0064] FIG. 8 depicts an example computing system 700 that can be used to implement
the methods and systems according to example aspects of the present disclosure. The system
700 can be implemented using a client-server architecture that includes a server 710 that
communicates with one or more client devices 730 over a network 740. The system 700 can

be implemented using other suitable architectures, such as a single computing device.
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[0065] The system 700 includes a server 710, such as a web server. The server 710 can
host a geographic information system, such as a geographic information system associated
with a mapping service. The server 710 can be implemented using any suitable computing
device(s). The server 710 can have one or more processors 712 and one or more memory
devices 714. The server 710 can also include a network interface used to communicate with
one or more client devices 730 over the network 740. 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.

[0066] The one or more processors 712 can include any suitable processing device, such
as a microprocessor, microcontroller, integrated circuit, logic device, or other suitable
processing device. The one or more memory devices 714 can include one or more computer-
readable media, including, but not limited to, non-transitory computer-readable media, RAM,
ROM, hard drives, flash drives, or other memory devices. The one or more memory devices
714 can store information accessible by the one or more processors 712, including computer-
readable instructions 716 that can be executed by the one or more processors 712. The
instructions 716 can be any set of instructions that when executed by the one or more
processors 712, cause the one or more processors 712 to perform operations. For instance,
the instructions 716 can be executed by the one or more processors 712 to implement one or
more modules, such as the point cloud module 210 and an inference module 230 described
with reference to FIG. 2.

[0067] As shown in FIG. 8, the one or more memory devices 714 can also store data 718
that can be retrieved, manipulated, created, or stored by the one or more processors 712. The
data 718 can include, for instance, location reports, mapping data, point clouds generated
according to example aspects of the present disclosure, semantic place names determined
according to example aspects of the present disclosure, and other data. The data 718 can be
stored in one or more databases. The one or more databases can be connected to the server
710 by a high bandwidth LAN or WAN, or can also be connected to server 710 through
network 740. The one or more databases can be split up so that they are located in multiple
locales.

[0068] The server 710 can exchange data with one or more client devices 730 over the
network 740. Although two client devices 730 are illustrated in FIG. 8, any number of client
devices 730 can be connected to the server 710 over the network 740. Each of the client

devices 730 can be any suitable type of computing device, such as a general purpose
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computer, special purpose computer, laptop, desktop, mobile device, navigation system,
smartphone, tablet, wearable computing device, a display with one or more processors, or
other suitable computing device.

[0069] Similar to the server 710, a client device 730 can include one or more processor(s)
732 and a memory 734. The one or more processor(s) 732 can include 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. The
memory 734 can include one or more computer-readable media and can store information
accessible by the one or more processors 732, including instructions 736 that can be executed
by the one or more processors 732 and data 738. For instance, the memory 734 can store
instructions 736 for implementing a user interface module for displaying semantic place
names determined according to example aspects of the present disclosure.

[0070] The client device 730 of FIG. 8 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, the client
device 730 can have a display device 5735 for presenting a user interface displaying semantic
place names according to example aspects of the present disclosure.

[0071] The client device 730 can also include a network interface used to communicate
with one or more remote computing devices (e.g. server 710) over the network 740. 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.

[0072] The network 740 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. The network 740 can also include a direct connection between a client
device 730 and the server 710. In general, communication between the server 710 and a
client device 730 can be carried via network interface using any type of wired and/or wireless
connection, using a 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).

[0073] 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
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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.

[0074] 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,
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 determining a semantic place name

visited by a user device, comprising:

receiving, by one or more computing devices, at least one location report
associated with a user device;

accessing, by the one or more computing devices, data associated with one or
more point clouds, each point cloud associated with a candidate semantic place location, each
point cloud generated from previously obtained location reports aggregated for a plurality of
devices, each point cloud comprising a plurality of data points, each data point corresponding
to a high quality visit by one of the plurality of devices to the candidate semantic place
location associated with the point cloud; and

identifying, by the one or more computing devices, a semantic place name
visited by the user device based at least in part on the location report and the one or more
point clouds;

wherein each high quality visit is identified as a visit by one of the plurality
devices that is determined to be associated with the candidate semantic place location with
greater likelihood relative to a plurality of other candidate semantic place locations.

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

providing for display, by the one or more computing devices, the semantic
place name in a user interface presented on a display device.

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

storing, by the one or more computing devices, the semantic place name as
part of a location history for the user device.

4. The method of claim 1, wherein the semantic place name is determined based
at least in part on a match between the location report and the one or more point clouds.

5. The method of claim 1, wherein identifying, by the one or more computing
devices, the semantic place name based at least in part on the location report associated with
the user device and the one or more point clouds comprises:

accessing, by the one or more computing devices, a pattern extracted from the
one or more point clouds, the pattern comprising a plurality geographic cells, each
geographic cell providing a probability value of being located at each of one or more
candidate semantic place names, the probability value being determined based at least in part

on the one or more point clouds;
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matching, by the one or more computing devices, the location report to one of
the plurality of geographic cells; and

determining, by the one or more computing devices, the semantic place name
based at least in part on the probability value associated with the geographic cell matched to
the location report.

6. The method of claim 1, wherein each of the plurality of point clouds is
generated based at least in part by performing operations, the operations comprising:

receiving, by the one or more computing devices, a location report from one of
the plurality of devices;

determining, by the one or more computing devices, that the location report
corresponds to a high quality visit;

identifying, by the one or more computing devices, the candidate semantic
place location corresponding to the high quality visit; and

generating a data point for the point cloud associated with the candidate
semantic place location based at least in part on the location report.

7. The method of claim 6, wherein the operation of determining, by the one or
more computing devices, that the location report corresponds to a high quality visit
comprises:

identifying, by the one or more computing devices, a plurality of candidate
semantic place locations for the location report;

determining, by the one or more computing devices, a confidence score for
each of the plurality of candidate semantic place locations for the location report, the
confidence score indicative of the likelihood that the location report occurred during a visit to
the candidate semantic place location; and

determining, by the one or more computing devices, that the location report
corresponds to a high quality visit based at least in part on the confidence score for each of
the plurality of candidate semantic place locations.

8. The method of claim 7, wherein the confidence score for each of the plurality
of candidate semantic place locations is determined based at least in part on one or more
signals indicative of semantic place location for the location report.

9. The method of claim 8, wherein the one or more signals indicative of semantic
place location are based at least in part on one or more of a distance to the candidate semantic

place location, search history, wireless network scans, social signals, or past location reports.
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10. The method of claim 7, wherein the operation of determining, by the one or
more computing devices, that the location report corresponds to a high quality visit comprises
determining, by the one or more computing devices, that the location report corresponds to a
high quality visit when the confidence score for one of the plurality of candidate semantic
place locations is greater than a threshold confidence relative to the plurality of other
candidate semantic place locations.

11. A computing system, comprising:

one or more processors; and

one or more memory devices, the 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:

obtaining a first location report associated with a first device;

determining that the first location report corresponds to a high quality visit for
a candidate semantic place location;

generating a data point for a point cloud associated with the candidate
semantic place location based at least in part on the location report; and

associating the data point with the point cloud for the candidate semantic place
location in the one or more memory devices;

wherein the location report is determined to correspond to a high quality visit
when the location report is determined to be associated with the candidate semantic location
with greater likelihood relative to a plurality of other candidate semantic place locations.

12.  The computing system of claim 11, wherein determining that the first location
report corresponds to a high quality visit for a candidate semantic place location comprises:

identifying a plurality of candidate semantic place locations for the location
report;

determining a confidence score for each of the plurality of candidate semantic
place locations for the location report, the confidence score indicative of the likelihood that
the location report occurred during a visit to the candidate semantic place location; and

determining that the location report corresponds to a high quality visit based at
least in part on the confidence score for each of the plurality of candidate semantic place
locations.

13.  The computing system of claim 12, wherein the confidence score for each of

the plurality of candidate semantic place locations is determined based at least in part on one
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or more signals indicative of semantic place location for the location report, the one or more
signals being based at least in part on a distance to the candidate semantic place location.

14. The computing system of claim 12, wherein the operation of determining that
the location report corresponds to a high quality visit comprises determining that the location
report corresponds to a high quality visit when the confidence score for one of the plurality of
candidate semantic place locations is greater than a threshold confidence relative to the
plurality of other candidate semantic place locations.

15.  The computing system of claim 11, wherein the operations further comprise:

receiving a second location report associated with a second device;

accessing the point cloud stored in the one or more memory devices; and

identifying a semantic place name visited by the second device based at least
in part on the second location report and the point cloud.

16.  The computing system of claim 15, wherein the semantic place name visited
by the second device is identified based at least in part on a match between the second
location report and the point cloud.

17.  The computing system of claim 15, wherein the operation of identifying a
semantic place name visited by the second device based at least in part on the second location
report and the point cloud comprises:

accessing a pattern determined based at least in part on the point cloud, the
pattern comprising a plurality geographic cells, each geographic cell providing a probability
value of being located at each of one or more semantic place names, the probability value
being determined based at least in part on the one or more point clouds;

matching the second location report to one of the plurality of geographic cells;
and

determining the semantic place name based at least in part on the probability
value associated with the geographic cell matched to the second location report.

18. One or more tangible, 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 a location report associated with a user device;
accessing data associated one or more point clouds, each point cloud
associated with a semantic place location, each point cloud generated from previously

obtained location reports aggregated for a plurality of devices, each point cloud comprising a
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plurality of data points, each data point corresponding to a high quality visit by one of the
plurality of devices to the semantic place location associated with the point cloud; and
identifying a semantic place name visited by the user device based at least in
part on the location report and the one or more point clouds;
wherein each high quality visit is identified as a visit by one of the plurality
devices that is determined to be associated with a candidate semantic place location with
greater likelihood relative to a plurality of other candidate semantic place locations.
19. The one or more tangible, non-transitory computer-readable media of claim
18, wherein the semantic place name is identified based at least in part on a match between
the location report and the one or more point clouds.
20. The one or more tangible, non-transitory computer-readable media of claim
18, wherein the operation of identifying the semantic place name based at least in part on the
location report associated with the user device and the one or more point clouds comprises:
accessing a pattern extracted from the one or more point clouds, the pattern
comprising a plurality geographic cells, each geographic cell providing a probability value of
being located at each of one or more candidate semantic place names, the probability value
being determined based at least in part on the one or more point clouds;
matching the location report to one of the plurality of geographic cells; and
determining the semantic place name based at least in part on the probability

value associated with the geographic cell matched to the location report.
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