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A method for automatically inferring place properties is
provided. The method includes (i) obtaining one or more
event data streams associated with one or more entities, (ii)
identifying one or more locations associated with each of the
one or more event data streams, (iii) deriving at least one
contextual event based on a spatial activity of each of the
one or more entities and attributes of at least one entity
visiting the one or more locations or a weather data, (iv)
inferring a land-use and at least one place property of the one
or more locations based on the one or more event data
streams using at least one data driven model and the at least
one contextual event, and (v) re-estimating the at least one
place property of the one or more locations when different
value for the at least one of place property is inferred.
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METHOD FOR AUTOMATICALLY
INFERRING PLACE PROPERTIES BASED
ON SPATTAL ACTIVITY DATA USING
BAYESIAN MODELS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This patent application is related to pending U.S.
non-provisional patent application Ser. No. 17/019,244 filed
on Sep. 12, 2020, the complete disclosure of which, in their
entirety, is hereby incorporated by reference.

TECHNICAL FIELD

[0002] The present disclosure generally relates to inferring
properties of a place, and more particularly, to a method for
automatically inferring place properties based on entity
spatial activity data using Bayesian models.

DESCRIPTION OF THE RELATED ART

[0003] Spatial properties are useful for analysis of various
locations in metro areas and rural areas. Many business
industries use a spatial property of a location or a place for
decision making about their business. Existing spatial data-
bases include only static properties of the location like
addresses, a latitude or a longitude, building polygons, and
a mailbox number. However, dynamic properties of the
location like nature of people visiting the location, people
spent time in the location, are not effectively accounted in
the existing spatial databases. The dynamic properties of the
location are entirely based on human activity or human
mobility and other related activity at that location. Further,
the dynamic properties of the location constantly evolve as
human activities ebbs and flows and the overall spatial
context evolves. For example, if company A’s competitor
moves to a similar or nearby location to company A, the
company A’s activity may be reduced. Similarly, if an access
to a particular location is blocked, people nearby to the
particular location may not visit that particular location.
Traditional approaches treat these dynamic properties of the
location as quasi-static and rely on ad hoc techniques to
estimate these dynamic properties of the location. Further-
more, there are no generic vendors for providing these
dynamic properties of the location. Current decisions are
made based on ad hoc experimental data and census data
which are limited in their fidelity.

[0004] With ever-increasing digitization, data relating to
the human activity or the human mobility and spatial activity
are encoded in a number of data formats and are further
recorded and transmitted in a variety of streams. Many
modern data streams of the human activity such as people on
applications, wearable devices, internet of things (IoT),
logistic systems, connected cars, and the like, carry time
indicators, public internet protocol (IP) address (to which
devices are connected), location data along with other pay-
load data.

[0005] Approaches for estimating place properties vary
across vendors and enterprises for realizing common knowl-
edge about a place by combining the data from multiple
sources. However, such fusion of the data is complex due to
a presence of partial data or incorrect data and mere size of
the data, which is in several gigabytes, being generated on
a daily basis. This also leads to a lot of noise and fraudulence
in the data. Sometimes, data sources may be on and off due
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to several reasons. The reasons may be outages, hardware
failure, software failure, network failure, no network access,
endpoint failure, intermediaries in the flow, corrupted
events, blocked events, dropped events, lost event, shutdown
of device, and the like. For instance, the data flow may be
interrupted in airports or during prime hours when a major
event is ongoing. Hence, the data may not be received in
some regions or areas or time windows. Further, the multiple
sources of the data may overlap that lead to duplicated event
or entity counts as same people are recorded when they
move around within regions, within countries, across coun-
tries. Further, some of the data sources have to be paid and
some of the data sources may not be accessible. In several
exemplary scenarios, the data may also be protected for
maintaining privacy in some countries, and consequently,
only the partial data may be available on the daily basis. This
partial data is referred to as data exhaust or exhaust data,
which is a trail of data left by activities of the internet or
other computer system entities during their online activity,
behavior, and transactions. This category of unconventional
data includes geospatial information, network data, and
time-series data, which may be useful for predictive pur-
poses. An enormous amount of raw data is created, which
can be in a form of cookies, temporary files, log files,
storable choices, and more. A hardest piece of working with
the exhaust data is getting a single holistic view around it,
wherein cleaning up and unifying that data remains a
challenge. The scaling and unification of these large and
high-speed data streams are essential. Further, deduplication
of the data streams needs to be done in real-time, as it is
impossible to be done by a human being because of a sheer
size of the data and shelf-life of the data.

[0006] Accordingly, there remains a need to address the
aforementioned technical drawbacks in existing technolo-
gies in inferring place properties.

SUMMARY

[0007] Inthe view of the foregoing, an embodiment herein
provides a processor-implemented method for automatically
inferring one or more place properties based on partially
observable entity spatial activity data using one or more data
driven models. The method includes (i) obtaining, in real
time, one or more event data streams associated with one or
more entities from one or more independently controlled
data sources at different spatio-temporal resolutions, (ii)
identifying one or more locations associated with each of the
one or more event data streams based on at least one of an
entity context, a location context or a global context derived
from the one or more event data streams, (iii) deriving at
least one contextual event that affects at least one place
property of the one or more locations based on at least one
of (a) a spatial activity of each of the one or more entities
temporally associated with the one or more locations, (b)
attributes of at least one entity visiting the one or more
locations using a global geo-spatial model, or (¢) a weather
data, (iv) automatically inferring a land-use and the at least
one place property of the one or more locations based on the
one or more event data streams using at least one data driven
model of a place property and the at least one contextual
event, and (v) re-estimating the at least one place property
of the one or more locations when the one or more event data
streams infer a different value for the at least one of place
property of the one or more locations using the at least one
data driven model. In some embodiments, the one or more
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event data streams include at least one of a timestamped
data, a spatial data, or at least one entity identifier. In some
embodiments, the one or more event data streams partially
characterizes the spatial activity of each of the one or more
entities temporally.

[0008] In some embodiments, at least one place property
of the one or more locations includes one or more static
place properties and one or more dynamic place properties.
In some embodiments, the one or more static place proper-
ties include at least one of an address, a latitude, a longitude,
an altitude, a building polygon, or a mailbox number. In
some embodiments, the one or more dynamic place prop-
erties include at least one of (i) a frequency of human traffic,
(i) proximity of starting points of visitors, (iii) a location of
the starting points of the visitors, (iv) a nature of the starting
points of the visitors, (v) a stay time at a different time of a
day, (vi) previous top locations and next top locations, (vii)
other similar places or (viii) open spaces.

[0009] In some embodiments, the method further includes
consolidating a nature of the one or more locations by
aggregating or disaggregating the one or more locations with
respect to one or more spatial scales. In some embodiments,
the one or more locations vary from a point to a polygon.
[0010] In some embodiments, the method further includes
running the at least one data driven model of the place
property on a near daily basis and updating at least one
metric of the at least one place property of the one or more
locations for different time scales. The different time scales
may be a day, a week, a month, a quarter or a year.

[0011] In some embodiments, the at least one contextual
event includes at least one of a transportation dynamic, a
weather dynamic, or a community dynamic.

[0012] In some embodiments, the method further com-
prises inferring the land-use and the at least one place
property in response to incoming queries with locations and
spatial regions that are not in the identified one or more
locations.

[0013] In some embodiments, the at least one data driven
model of the place property includes at least one of (i) a
competitive analysis model, (ii) a visitor count model, (iii)
a dwell time determination model, (iv) a catchment area
determination model, (v) a similar places analysis model, or
(vi) a place pre-post visit attribution model.

[0014] In some embodiments, the method further includes
(1) extrapolating the spatial data with census data or (ii)
interpolating the spatial data with the census data before
downstream processing.

[0015] In some embodiments, the method further includes
filtering and standardizing the one or more event data
streams into a common representational format before
downstream processing.

[0016] In some embodiments, the at least one data driven
model uses power law effects while inferring the at least one
place property of the one or more locations.

[0017] In another aspect, there is provided a system for
automatically inferring one or more place properties based
on partially observable entity spatial activity data using one
or more data driven models. The system includes a processor
and a memory that stores set of instructions, which when
executed by the processor, causes to perform (i) obtaining,
in real time, one or more event data streams associated with
one or more entities from independently controlled data
sources at different spatio-temporal resolutions, (ii) identi-
fying one or more locations associated with each of the one
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or more event data streams based on at least one of an entity
context, a location context or a global context derived from
the one or more event data streams, (iii) deriving at least one
contextual event that affects at least one place property of the
one or more locations based on at least one of (a) a spatial
activity of each of the one or more entities temporally
associated with the one or more locations, (b) attributes of
at least one entity visiting the one or more locations using a
global geo-spatial model, or (c) a weather data, (iv) auto-
matically inferring a land-use and the at least one place
property of the one or more locations based on the one or
more event data streams using at least one data driven model
of'a place property and the at least one contextual event, and
(v) re-estimating the at least one place property of the one or
more locations when the one or more event data streams
infer a different value for the at least one of place property
of'the one or more locations using the at least one data driven
model. In some embodiments, the one or more event data
streams include at least one of a timestamped data, a spatial
data, or at least one entity identifier. In some embodiments,
the one or more event data streams partially characterizes
the spatial activity of each of the one or more entities
temporally.

[0018] In some embodiments, at least one place property
of the one or more locations includes one or more static
place properties and one or more dynamic place properties.
In some embodiments, the one or more static place proper-
ties include at least one of an address, a latitude, a longitude,
an altitude, a building polygon, or a mailbox number. In
some embodiments, the one or more dynamic place prop-
erties includes at least one of (i) a frequency of human
traffic, (ii) proximity of starting points of visitors, (iii) a
location of the starting points of the visitors, (iv) a nature of
the starting points of the visitors, (v) a stay time at a different
time of a day, (vi) previous top locations and next top
locations, (vii) other similar places or (viii) open spaces.

[0019] In some embodiments, the processor is further
configured to consolidate a nature of the one or more
locations by aggregating or disaggregating the one or more
locations with respect to one or more spatial scales. In some
embodiments, the one or more locations vary from a point
to a polygon.

[0020] In some embodiments, the processor is further
configured to run the at least one data driven model of the
place property on a near daily basis and updating at least one
metric of the at least one place property of the one or more
locations for different time scales. The different time scales
may be a day, a week, a month, a quarter or a year.

[0021] In some embodiments, the at least one contextual
event includes at least one of a transportation dynamic, a
weather dynamic, or a community dynamic.

[0022] In some embodiments, the processor is further
configured to infer the land-use and the at least one place
property in response to incoming queries with locations and
spatial regions that are not in the identified one or more
locations.

[0023] In some embodiments, at least one data driven
model of the place property includes at least one of (i) a
competitive analysis model, (ii) a visitor count model, (iii)
a dwell time determination model, (iv) a catchment area
determination model, (v) a similar places analysis model, or
(vi) a place pre-post visit attribution model.
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[0024] In some embodiments, the processor is further
configured to (i) extrapolate the spatial data with census data
or (ii) interpolate the spatial data with the census data before
downstream processing.

[0025] In some embodiments, the processor is further
configured to filter and standardize the one or more event
data streams into a common representational format before
downstream processing.

[0026] In yet another aspect, there is provided one or more
non-transitory computer-readable storage mediums storing
the one or more sequences of instructions, which when
executed by the one or more processors, causes to perform
a method for automatically inferring one or more place
properties based on partially observable entity spatial activ-
ity data using one or more data driven models.

[0027] These and other aspects of the embodiments herein
will be better appreciated and understood when considered
in conjunction with the following description and the
accompanying drawings. It should be understood, however,
that the following descriptions, while indicating preferred
embodiments and numerous specific details thereof, are
given by way of illustration and not of limitation. Many
changes and modifications may be made within the scope of
the embodiments herein without departing from the spirit
thereof, and the embodiments herein include all such modi-
fications.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The embodiments herein will be better understood
from the following detailed description with reference to the
drawings, in which:

[0029] FIG. 1 is a block diagram that illustrates a system
for automatically inferring one or more place properties
based on partially observable entity spatial activity data
using one or more data driven models, according to some
embodiments herein;

[0030] FIG. 2 is a block diagram of a place profiling server
of FIG. 1, according to some embodiments herein;

[0031] FIG. 3 is a block diagram of a property modelling
module of FIG. 2, according to some embodiments herein;
[0032] FIGS. 4A and 4B are exemplary user interface
views of a place profiling server of FIG. 1, according to
some embodiments herein;

[0033] FIG. 5 is an interaction diagram that illustrates a
method for automatically inferring one or more place prop-
erties based on partially observable entity spatial activity
data using one or more data driven models, according to
some embodiments herein;

[0034] FIG. 6 is a flow chart that illustrates a method for
automatically inferring one or more place properties based
on partially observable entity spatial activity data using one
or more data driven models, according to some embodi-
ments herein; and

[0035] FIG. 7 is a schematic diagram of an entity device
or a place profiling server used in accordance with the
embodiments herein.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0036] The embodiments herein and the various features
and advantageous details thereof are explained more fully
with reference to the non-limiting embodiments that are
illustrated in the accompanying drawings and detailed in the
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following description. Descriptions of well-known compo-
nents and processing techniques are omitted so as to not
unnecessarily obscure the embodiments herein. The
examples used herein are intended merely to facilitate an
understanding of ways in which the embodiments herein
may be practiced and to further enable those of skill in the
art to practice the embodiments herein. Accordingly, the
examples should not be construed as limiting the scope of
the embodiments.

[0037] There remains a need for a system and method that
supports scale, frequent changes and has an ability to adjust
with partial data for automatically inferring one or more
place properties based on entity spatial activity data. Refer-
ring now to the drawings, and more particularly to FIGS. 1
through 7, where similar reference characters denote corre-
sponding features consistently throughout the figures, there
are shown preferred embodiments.

[0038] The term “independently controlled data sources”
refers to any source that may control or standardize different
aspects of data streams. The different aspects include, but is
not limited to, 1) a type of data that needs to be collected, 2)
a time and location, the data needs to be collected, 3) a data
collection method, 4) modification of collected data, 5) a
portion of data to be revealed to public, 6) a portion of data
to be protected, 7) a portion of data can be permitted by a
consumer or user of an application or a device, and 8) a
portion of data to be completely private.

[0039] A single real-world event may be tracked by dif-
ferent independently controlled data sources. Alternatively,
data from the different independently controlled data sources
may be interleaved to understand an event or a sequence of
events. For example, consider a consumer using multiple
applications on his android phone, as he or she interacts with
each application, multiple independent streams of events
may be produced. Since, each application becomes an
independent data source. Events and users may have differ-
ent identifiers across different applications depending on
how the application is implemented. Additionally, if one
were to monitor a network, each application-level event may
generate additional lower-level network events.

[0040] The term “partial observable data or partial data”
refers to a data stream where all the events are not captured
due to several reasons. The terms “location” and “place”
may be used inter-changeably and refer to a geographic
location such as a locality, a sub locality, an establishment,
a geocode or an address.

[0041] In an exemplary embodiment, various modules
described herein and illustrated in the figures are embodied
as hardware-enabled modules and may be configured as a
plurality of overlapping or independent electronic circuits,
devices, and discrete elements packaged onto a circuit board
to provide data and signal processing functionality within a
computer. An example might be a comparator, inverter, or
flip-flop, which could include a plurality of transistors and
other supporting devices and circuit elements. The modules
that are configured with electronic circuits process computer
logic instructions capable of providing at least one of digital
signals or analog signals for performing various functions as
described herein.

[0042] FIG. 1 is a block diagram that illustrates a system
100 for automatically inferring one or more place properties
based on partially observable entity spatial activity data
using one or more data driven models, according to some
embodiments herein. The system 100 includes one or more
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entity devices 104A-N that are associated with one or more
entities 102A-N and a place profiling server 110. The one or
more entity devices 104A-N are communicatively con-
nected with the place profiling server 110 via a network 108.
In some embodiments, the one or more entity devices
104A-N are one or more independently controlled data
sources. The one or more entity devices 104A-N includes,
but not limited to, personal computers, mobile devices,
smartphones, tablets, smartwatches, loT devices, connected
vehicles, or other computing devices. The one or more entity
devices 104A-N include one or more applications 106 that
in turn acts as the one or more independently controlled data
sources. The one or more applications 106 may include, but
not limited to, a browser application, a mobile application,
a type of application that communicates with one or more
systems, or an application that can collect behavior of an
entity. In one embodiment, the network 108 includes a
wireless network, a wired network, or a combination of the
wired network and the wireless network and the like.

[0043] The place profiling server 110 obtains, in real-time,
one or more event data streams associated with the one or
more entities 102A-N from the one or more independently
controlled data sources at different spatio-temporal resolu-
tions. The place profiling server 110 identifies one or more
locations associated with each of the one or more event data
streams based on at least one of an entity context, a location
context or a global context derived from the one or more
event data streams. The place profiling server 110 derives
one or more contextual events that affect at least one place
property of the one or more locations based on at least one
of (i) a spatial activity of each of the one or more entities
102A-N temporally associated with the one or more loca-
tions, (ii) attributes of the one or more entities 102A-N
visiting the one or more locations using a global geo-spatial
model, or (iii) a weather data. The place profiling server 110
automatically infers a land-use and the at least one place
property of the one or more locations based on the one or
more event data streams using one or more data driven
models of a place property and the one or more contextual
events using bayesian update models. The place profiling
server 110 re-estimates the at least one place property of the
one or more locations when the one or more event data
streams infer a different value for the at least one place
property of the one or more locations using the one or more
data driven models.

[0044] In some embodiments, the one or more event data
streams are partial data. The one or more event data streams
include at least one of a timestamped data, a spatial data, an
internet protocol (IP) address, at least one entity identifier, or
other payload information. The one or more event data
streams partially characterizes the spatial activity of each of
the one or more entities 102A-N temporally. In some
embodiments, the spatial data includes a latitude data and a
longitude data. Optionally, the one or more event data
streams include non-location indexed data. The non-location
indexed data may include IP information. Optionally, the
one or more event data streams include (i) location pings
from the one or more applications 106 engaged on the one
or more entity devices 104A-N, (ii) access pings from
wireless hot-spots, (iii) active subscriber’s data and location
in different geo-areas from a mobile network, and (iv) a
location information from traffic sensors or a public CCTV
camera for security and others. The one or more event data
streams may include digital visit counts to a global website
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and social media activities. The one or more event data
streams may include census data. In some embodiments, the
place profiling server 110 obtains the census related data
from a global census database. The place profiling server
110 may obtain the census related data from third party
sources.

[0045] In some embodiments, the one or more event data
streams include attributes of the one or more of the entities
102A-N. The attributes of the one or more of the entities
102A-N may include at least one of a countable attribute, a
categorical attribute, an ordinal attribute, a location, a spatial
attribute, or a temporal behavior of an entity. The countable
attribute may include at least one of (i) spend levels, or (ii)
a frequency of visits. The categorical attribute may include
at least one of (i) a gender, (ii) age-groups, (iii) a content, or
(iv) a content type. The spatial attribute may include at least
one of (i) residential areas, (ii) regions of interest, or (iii)
place categories. In some embodiments, the content is a
media content.

[0046] In some embodiments, the place profiling server
110 communicatively coupled with an adaptive location
assignment system that assigns real-time location for non-
location index data streams that include the IP address. The
adaptive location assignment system may assign real-time
location for the IP address using machine learning from
location indexed one or more event data streams that are
obtained from the one or more independently controlled data
sources.

[0047] In some embodiments, the one or more event data
streams include human mobility data. The human mobility
data refers to the spatial activity data that is associated with
an individual. For the one or more entities 102A-N, data may
be obtained for their activities on a daily basis in the place
profiling server 110.

[0048] In some embodiments, the at least one entity iden-
tifier is unique for each of the one or more entity devices
104A-N or for each of the one or more independently
controlled data sources. In some embodiments, the at least
one entity identifier is a unique device identifier. The at least
one entity identifier may include, but is not limited to, an
Identifier for Advertisers (IDFA), an Android Advertising
Identifier (AAID), in-app Advertising 1D, Cookie ID, Mac
IDs, and Publisher-specific ID schemes.

[0049] In some embodiments, the place profiling server
110 validates the at least one entity identifier associated with
the one or more event data streams. The place profiling
server 110 checks if the IDFA or AAID associated with the
one or more event data streams is in a database or not. If the
at least one entity identifier is present in the database, the
place profiling server 110 checks in the database if the at
least one entity identifier has been come across in the past.
For example, if the cookie received is new or too old in the
past, then it is stale. In some embodiments, if the received
cookie history exists then the cookie is checked for historical
behaviors. In some embodiments, the place profiling server
110 may even check national rage of IP’s to determine if the
entity is spanning the country or spanning a globe.

[0050] In an embodiment, the place profiling server 110
may deduplicate two places that are same in the one or more
event data streams. Further, the place profiling server 110
may perform deduplication of the one or more event data
streams at a large scale. The one or more event data streams
may include data streams associated with the one or more
entities 102A-N at a scale of a million.
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[0051] In an embodiment, an output comprising one or
more place properties is provided by the place profiling
server 110 when an input query is received at the place
profiling server 110. The output may include property such
as a pre location of an entity that visits the place, a post
location of an entity who visits the place, dwell time of the
entity at the place and attributes associated with a unique
entity identifier of the user. The pre-location is a geographic
location on a map from where the one or more entities
102A-N are visiting (for example a residential, office or
other locations). The post location is the geographic location
from where the one or more entities 102A-N are visiting (for
example a residential, office or other locations). Further, the
place profiling server 110 may provide another output that
include a variation of the set of output property over a period
of time.

[0052] The one or more place property that may be
inferred by the place profiling server 110 includes a number
of entities visiting the place in a time window, pre-location
from where the one or more entities 102A-N are visiting (for
example a residential, office or other locations), previous top
locations and next top locations, time spent at a place, a
dwell time at different times of the day, an identification of
different place that shares a similarity with the place, rela-
tionship to other types of places, motifs of commonality, and
an identification of open spaces where no locations of a
given category exist. Relating to the spatial activity of each
of the one or more of entities 102A-N, the previous top
location may refer to a one or more previous locations that
have been visited most by the one or more entities 102A-N
before visiting the one or more locations and the next top
locations may refer to a one or more next locations of that
have been visited most by the one or more entities after
visiting the one or more locations.

[0053] FIG. 2 is a block diagram of a place profiling server
110 of FIG. 1 according to some embodiments herein. The
place profiling server 110 includes a database 202, a data
refinement module 204, a spatial context assighment module
206, a context analysis module 208, a data fusion module
210, a property modelling module 212, a place property
inferring module 214 and a validation module 216. The data
refinement module 204 receives the one or more event data
streams associated with the one or more entities 102A-N
from the one or more independently controlled data sources
at different spatio-temporal resolutions. In some embodi-
ments, the data refinement module 204 checks if the at least
one entity identifier associated with the one or more event
data streams is a part of do not profile list which constrains
the place profiling server 110 from creating a profile due to
a privacy management rule associated with the place pro-
filing server 110. In some embodiments, the at least one
entity identifier is validated across the one or more inde-
pendently controlled data sources of the one or more event
data streams to check if behavior of the one or more entities
102A-N is consistent. For example, location tags for entity
identifier associated with an entity from two independent
data sources need to be near or close to each other in a
reasonable manner. In some embodiments, the one or more
event data streams are compared with a history associated
with the at least one entity identifier to identify anomaly in
the one or more event data streams periodically. In some
embodiments, the one or more event data streams includes
a unique entity identifier, the timestamped data and a loca-
tion indexed data, that partially characterizes an activity of
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the one or more entities 102A-N associated with the unique
entity identifier. In some embodiments, the one or more
event data streams with the unique entity identifier are
obtained from the one or more entity devices 104A-N
engaged with at least one of (i) the one or more application
106, (ii) a wireless network, or (iii) a mobile network. In
some embodiments, the data refinement module 204 obtains
the one or more event data streams in real-time from the one
or more entity devices 104A-N over the network 108.
[0054] The spatial context assignment module 206 iden-
tifies the one or more locations associated with each of the
one or more event data streams based on at least one of the
entity context, the location context or the global context
derived from the one or more event data streams. The spatial
context assignment module 206 may determine the one or
more locations using the spatial data that is associated with
the one or more event data streams. The spatial context
assignment module 206 may determine the one or more
locations using an IP to location map that is generated by the
adaptive location assignment system.

[0055] The context analysis module 208 derives the one or
more contextual events that affect the at least one place
property of the one or more locations based on at least one
of (i) the spatial activity of each of the one or more entities
102A-N temporally associated with the one or more loca-
tions, (ii) the attributes of the one or more entities 102A-N
visiting the one or more locations using the global geo-
spatial model, or (iii) the weather data. The attributes
associated with the unique entity identifier may include
human traffic data and geo data. The context analysis mod-
ule 208 may derive the one or more contextual events using
one or more bayesian update models. The geo-spatial model
is a digital model of the real world that may be obtained from
a third-party. The geo-spatial model may comprise one or
more statistical areas that are bounded by visible features
such as roads, streams, and railroad tracks, and by nonvisible
boundaries such as property lines, city, township, school
district, county limits and short line-of-sight extensions of
roads. Data associated with a plurality of block level data
may be aggregated and dis-aggregated based on the place. In
some embodiments, human mobility data and geo data may
be combined with the geo-spatial model.

[0056] The data fusion module 210 combines non-location
indexed data with the one or more contextual events by
performing one or more data fusion methods. In some
embodiments, the one or more data fusion methods may
include a complementary fusion, a redundant fusion or a
cooperative fusion. The one or more event data streams may
include non-location indexed data. The non-location
indexed data may include IP information. Optionally, the
one or more event data streams includes (i) location pings
from one or more applications 106 engaged on the one or
more entity devices 104A-N, (ii) access pings from wireless
hot-spots, (iii) active subscriber’s data & location in differ-
ent geo-areas from the mobile network, and (iv) the location
information from the traffic sensors or the public CCTV
camera for security and others.

[0057] The property modelling module 212 generates the
one or more data driven models of the place property based
on the one or more event data streams of the spatial activity
associated with the one or more locations. The property
modelling module 212 consolidates a nature of the one or
more locations with respect to the one or more spatial scales
by aggregating one or more sub-places to the place or
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disaggregating the place to a plurality of sub-places. The
sub-place exists inside an area of the place and may be
considered as an individual place. The nature of the one or
more locations may be stored in the database 202.

[0058] The property inferring module 214 automatically
infers the land-use and the one or more place properties of
the one or more locations based on the one or more event
data streams using the one or more data driven models of the
place property and the one or more contextual events. The
place property inferring module 214 may automatically infer
a land-use and a spatial property of the place based on the
one or more data driven models and the one or more
contextual events using bayesian update models. The land-
use and one or more place properties of the one or more
locations are stored in the database 202.

[0059] The validation module 216 re-estimates the one or
more place properties of the one or more locations when the
plurality of data streams infers a different value for at least
one of the spatial property of the place using a Bayesian
update model. The validation module 216 may refine the one
or more event data streams by (i) validating one or more
dimensions of the one or more event data streams, (ii)
filtering spurious or fraudulent events associated with the
one or more event data streams, and (iii) correcting errors
and aligning different source streams into a common mini-
mally viable representation. In some embodiments, the one
or more dimensions of the one or more event data streams
include (i) a time dimension, (ii) a spatial dimension, (iii) a
trajectory behavior, (iv) an entity identifier, (v) a content or
application category. Optionally, the validation module 216
refines the one or more event data streams by validating the
one or more dimensions of the one or more event data
streams and checking consistency of the one or more dimen-
sions of the one or more event data streams with historical
behavior like 30 days behavior. In some embodiments, the
validation module 216 validates the time dimension associ-
ated with the one or more event data streams by (i) analyzing
a number of concurrent data event streams from a single
entity for a selected time, (ii) bucketing the one or more
event data streams based on the category of the time zone i.e.
morning, daytime, afternoon, evening, night time, holiday,
weekday or a weekend, and (iii) filtering too many concur-
rent data event streams from the single entity for the selected
time. For example, too many concurrent data event streams
from the single entity at the same time cannot be bursty
event. In some embodiments, the one or more event data
streams is bucketed based on country-wise time zones. The
time dimension associated with the one or more event data
streams is validated based on standardized country time
zones. For example, the time dimension associated with the
one or more event data streams of an entity should match
with time zone of the country of the entity, if known. In some
embodiments, the validation module 216 validates the spa-
tial dimension associated with the one or more event data
streams by analyzing at least one of (i) the IP address, (ii) the
latitude and the longitude, (iii) a country type (home country
or travel country), (iv) a network type, (v) decimal to
geohash error range, (vi) a network source type, (vii) a
gridding structure, (viii) a trajectory behavior, (ix) any big
data platform associated with the one or more event data
streams, (x) the land use, (xi) a trajectory speed, (xii)
consecutive pings physical validity. In some embodiments,
the spatial dimension of the entity is validated based on
whether the entity is in a home country or a travel country
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and whether the entity is using a home network or a travel
network. In some embodiments, the spatial dimension of the
entity is validated based on its occurrence. For example, if
a ping identifies entity locations to be in a country “X” and
the next immediate ping identifies the entity locations to be
in country “Y” across another continent which would physi-
cally be not valid. In such an instance, place profiling server
110 would treat the ping invalid.

[0060] In an embodiment, the place profiling server 110
may provide consolidated data about one or more place
properties. The one or more place properties may be con-
tinuously updated and may reflect the latest available
sources.

[0061] FIG. 3 is a block diagram of a property modelling
module 212 of FIG. 2, according to some embodiments
herein. The property modelling module 212 generates the
one or more data driven models of the place property based
on the one or more data streams of the spatial activity
associated with the one or more locations. The place prop-
erty inferring module 214 infers the land-use and the one or
more place properties of the one or more locations based on
the one or more event data streams using the one or more
data driven models of the place property that are generated
by the property modelling module 212. The one or more data
driven models may include, but are not limited to, a com-
petitive analysis model 302, a visitors counting model 304,
a dwell time determining model 306, a catchment area
determining model 308, a similar place identifying model
310 and a place pre-post visit distribution model 312. The
competitive analysis model 302 may be used to perform a
competitive analysis between the one or more locations. The
visitors counting model 304 may be used to identify a visit
count of the one or more entities 102A-N for the one or more
locations. The dwell time determining model 306 may be
used to determine a time spent by the one or more entities
102A-N when they visit the one or more locations. The
catchment area determining model 308 may be used to
determine a catchment area associated with the one or more
locations, where the catchment area is an area from the one
or more locations that attract the one or more entities
102A-N by utilizing a service associated with the one or
more locations. The similar place identifying model 310
may be used to identify a similar place that has character-
istics similar to the one or more locations. The place pre-post
visit distribution model 312 may be used to determine a
number of entities visiting a place in a time window, the
location from where the one or more entities 102A-N are
visiting (for example a residential, office or other locations),
the previous top locations and the next top locations, the
time spent at the place, the dwell time at different times of
the day, different places that share a similarity with the place,
relationship to other types of places, motifs of commonality,
and an identification of open spaces where no locations of a
given category exist.

[0062] In some embodiments, the one or more data driven
models may handle power-law effects, using sampling and
extrapolation to infer the one or more place properties of the
one or more locations. Further, the inferred one or more
place properties may be validated with real-world data when
the real-world data is available.

[0063] In some embodiments, the place profiling server
110 when profiles a new location, the respective data driven
models that infer the one or more place properties of the new
location may take a duration of three to four weeks to
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stabilize. This is known as a cold start. A quality of predic-
tion of the one or more place properties increases as the time
progresses and makes the place profiling server 110 adap-
tive.

[0064] The one or more data driven models may be run on
the near daily basis and the one or metrics that relate to the
one or more place properties are also updated. The one or
more metrics may be updated for different time scales such
as the day, the week, the month, the quarter or the year.
Further, the one or more place properties may be computed
for a set of pre-defined locations.

[0065] In an exemplary embodiment, if there is a social
event that is happening in Manhattan, the place profiling
server 110 may detect the social event. The one or more
place property such as a number of people visiting a place,
increase in dwell times, or traffic jams in Manhattan is
observed to spike, may be detected by the place profiling
server 110 anonymously.

[0066] FIGS. 4A and 4B are exemplary user interface
views of a place profiling server 110 of FIG. 1, according to
some embodiments herein. In some embodiments, the one or
more place properties may be computed in response to an
incoming query for the one or more locations or a spatial
region. FIG. 4A illustrates an exemplary user interface view
400A of a home page of the place profiling server 110,
according to some embodiments herein. The exemplary user
interface view 400A includes a login interface 402 and a
query defining space 404. The login interface 402 enables a
user to login to the place profiling server 110 by providing
a user identifier and a password. The query defining space
404 enables the user to define a query in a natural language
upon login to the place profiling server 110. The query may
include the geographic location such as a locality, a sub
locality, an establishment, a geocode or an address.

[0067] FIG. 4B illustrates an exemplary user interface
view 400B of a result page of the place profiling server 110,
according to some embodiments herein. The exemplary user
interface view 400B provides a response to the query
provided by the user. The response includes one or more
place properties associated with the one or more locations
that are associated with the query. The one or more place
properties may be computed in response to the incoming
query for the one or more locations and the spatial region
that is not in the database 202.

[0068] FIG. 5, with reference to FIG. 1, is an interaction
diagram that illustrates a method for automatically inferring
the one or more place properties based on the partially
observable entity spatial activity data using the one or more
data driven models, according to some embodiments herein.
At a step 502, historical data streams from one or more
third-party data sources are received. In some embodiments,
the one or more third-party data sources include, but is not
limited to, Xmode®, Cuebiq®, and similar other vendors.
The historical data streams may include IP addresses along
with a latitude information and a longitude information
sourced from geo-location to IP vendors. At a step 504, the
one or more event data streams associated with the one or
more entities 102A-N are obtained from the one or more
independently controlled data sources at different spatio-
temporal resolutions. The one or more event data streams
include at least one of the timestamped data, the spatial data
or the at least one entity identifier. The one or more event
data streams partially characterize the spatial activity of each
of the one or more entities 102A-N temporally. The one or
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more independently controlled data sources may be the one
or more entity devices 104A-N. In some embodiments, the
one or more event data streams may be validated based on
the historical data streams. At a step 506, the one or more
locations associated with each of the one or more event data
streams are identified based on at least one of the entity
context, the location context, or the global context derived
from the one or more event data streams. At a step 508, the
at least one contextual event that affects the at least one place
property of the one or more locations is derived based on at
least one of (i) the spatial activity of each of the one or more
entities 102A-N temporally associated with the one or more
locations, (ii) the attributes of the at least one entity visiting
the one or more locations using the global geo-spatial model
or (iii) the weather data. At a step 510, the land-use and the
at least one place property of the one or more locations are
automatically inferred based on the one or more event data
streams using the at least one data driven model of the place
property and the at least one contextual event. At a step 512,
the at least one place property of the one or more locations
is re-estimated when the one or more event data streams
infer a different value for the at least one of spatial property
of'the one or more locations using the at least one data driven
model.

[0069] FIG. 6, with reference to FIG. 1, is a flow chart that
illustrates a method for automatically inferring the one or
more place properties based on the partially observable
entity spatial activity data using the one or more data driven
models, according to some embodiments herein. At a step
602, the one or more event data streams associated with the
one or more entities 102A-N are obtained from the one or
more independently controlled data sources at different
spatio-temporal resolutions. The one or more event data
streams include at least one of the timestamped data, the
spatial data or the at least one entity identifier. The one or
more event data streams partially characterize the spatial
activity of each of the one or more entities 102A-N tempo-
rally. The one or more independently controlled data sources
may be the one or more entity devices 104A-N. At a step
604, the one or more locations associated with each of the
one or more event data streams are identified based on at
least one of the entity context, the location context, or the
global context derived from the one or more event data
streams. At a step 606, the at least one contextual event that
affects the at least one place property of the one or more
locations is derived based on at least one of (i) the spatial
activity of each of the one or more entities 102A-N tempo-
rally associated with the one or more locations, (ii) the
attributes of the at least one entity visiting the one or more
locations using the geo-spatial model of real-world or (iii)
the weather data. At a step 608, the land-use and the at least
one place property of the one or more locations are auto-
matically inferred based on the one or more event data
streams using at least one data driven model of the place
property and the at least one contextual event. At a step 610,
the at least one place property of the one or more locations
is re-estimated when the one or more event data streams
infer a different value for the at least one of place property
of'the one or more locations using the at least one data driven
model.

[0070] In some embodiments, the at least one place prop-
erty of the one or more locations comprises the one or more
static place properties and the one or more dynamic place
properties. The one or more static place properties may



US 2022/0130003 Al

include at least one of the address, the latitude, the longitude,
the altitude, the building polygon, or the mailbox number.
The one or more dynamic place properties may include at
least one of (i) the frequency of human traffic, (ii) the
proximity of starting points of visitors, (iii) the location of
the starting points of the visitors, (iv) the nature of the
starting points of the visitors, (v) the stay time at a different
time of a day, (vi) the previous top locations and the next top
locations, (vii) other similar places, or (viii) open spaces.
[0071] In some embodiments, the method further includes
consolidating the nature of the one or more locations by
aggregating or disaggregating the one or more locations with
respect to one or more spatial scales. The one or more
locations vary from the point to the polygon.

[0072] In some embodiments, the method further includes
running the at least one data driven model of the place
property on the near daily basis and updating the at least one
metric of the at least one place property of the one or more
locations for different time scales. The different time scales
may include the day, the week, the month, the quarter, or the
year.

[0073] In some embodiments, the at least one contextual
event includes at least one of the transportation dynamic, the
weather dynamic, or the community dynamic.

[0074] In some embodiments, the method further includes
inferring the land-use and the at least one place property in
response to the incoming queries with the locations and the
spatial regions that are not in the identified one or more
locations.

[0075] In some embodiments, the at least one data driven
model of the place property includes at least one of (i) the
competitive analysis model, (ii) the visitor count model, (iii)
the dwell time determination model, (iv) the catchment area
determination model, (v) the similar places analysis model,
or (vi) the place pre-post visit attribution model.

[0076] In some embodiments, the method further includes
(1) extrapolating the spatial data with the census data or (ii)
interpolating the spatial data with the census data before
downstream processing.

[0077] In some embodiments, the method further includes
filtering and standardizing the one or more event data
streams into the common representational format before
downstream processing.

[0078] In some embodiments, the method further includes
the at least one data driven model uses power law effects
while inferring the at least one place property of the one or
more locations.

[0079] The embodiments herein may include a computer
program product configured to include a pre-configured set
of instructions, which when performed, can result in actions
as stated in conjunction with the methods described above.
In an example, the pre-configured set of instructions can be
stored on a tangible non-transitory computer readable
medium or a program storage device. In an example, the
tangible non-transitory computer readable medium can be
configured to include the set of instructions, which when
performed by a device, can cause the device to perform acts
similar to the ones described here. Embodiments herein may
also include at least one of tangible or non-transitory com-
puter-readable storage media for carrying or having com-
puter executable instructions or data structures stored
thereon.

[0080] Generally, program modules utilized herein
include routines, programs, components, data structures,
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objects, and the functions inherent in the design of special-
purpose processors, etc. that perform particular tasks or
implement particular abstract data types. Computer execut-
able instructions, associated data structures, and program
modules represent examples of the program code means for
executing steps of the methods disclosed herein. The par-
ticular sequence of such executable instructions or associ-
ated data structures represents examples of corresponding
acts for implementing the functions described in such steps.
[0081] The embodiments herein can include both hard-
ware and software elements. The embodiments that are
implemented in software include but are not limited to,
firmware, resident software, microcode, etc.

[0082] A data processing system suitable for storing or
executing program code will include at least one processor
coupled directly or indirectly to memory elements through a
system bus. The memory elements can include local
memory employed during actual execution of the program
code, bulk storage, and cache memories which provide
temporary storage of at least some program code in order to
reduce the number of times code must be retrieved from bulk
storage during execution.

[0083] Input/output (I/O) devices (including but not lim-
ited to keyboards, displays, pointing devices, etc.) can be
coupled to the system either directly or through intervening
1/O controllers. Network adapters may also be coupled to the
system to enable the data processing system to become
coupled to other data processing systems or remote printers
or storage devices through intervening private or public
networks. Modems, cable modem and Ethernet cards are just
a few of the currently available types of network adapters.
[0084] A representative hardware environment for prac-
ticing the embodiments herein is depicted in FIG. 7, with
reference to FIGS. 1 through 6. This schematic drawing
illustrates a hardware configuration of a server/computer
system/user device in accordance with the embodiments
herein. The user device includes at least one processing
device 10 and a cryptographic processor 11. The special-
purpose CPU 10 and the cryptographic processor (CP) 11
may be interconnected via system bus 14 to various devices
such as a random access memory (RAM) 15, read-only
memory (ROM) 16, and an input/output (I/O) adapter 17.
The 1/0O adapter 17 can connect to peripheral devices, such
as disk units 12 and tape drives 13, or other program storage
devices that are readable by the system. The user device can
read the inventive instructions on the program storage
devices and follow these instructions to execute the meth-
odology of the embodiments herein. The user device further
includes a user interface adapter 20 that connects at least one
of'a keyboard 18, mouse 19, speaker 25, microphone 23, or
other user interface devices such as a touch screen device
(not shown) to the bus 14 to gather user input. Additionally,
a communication adapter 21 connects the bus 14 to a data
processing network 26, and a display adapter 22 connects
the bus 14 to a display device 24, which provides a graphical
user interface (GUI) 30 of the output data in accordance with
the embodiments herein, or which may be embodied as an
output device such as a monitor, printer, or transmitter, for
example. Further, a transceiver 27, a signal comparator 28,
and a signal converter 29 may be connected with the bus 14
for processing, transmission, receipt, comparison, and con-
version of electric or electronic signals.

[0085] The foregoing description of the specific embodi-
ments will so fully reveal the general nature of the embodi-
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ments herein that others can, by applying current knowl-
edge, readily modify and/or adapt for various applications
such specific embodiments without departing from the
generic concept, and, therefore, such adaptations and modi-
fications should and are intended to be comprehended within
the meaning and range of equivalents of the disclosed
embodiments. It is to be understood that the phraseology or
terminology employed herein is for the purpose of descrip-
tion and not of limitation. Therefore, while the embodiments
herein have been described in terms of preferred embodi-
ments, those skilled in the art will recognize that the
embodiments herein can be practiced with modification
within the spirit and scope of the appended claims.
What is claimed is:
1. A processor-implemented method for automatically
inferring one or more place properties based on partially
observable entity spatial activity data using one or more data
driven models, said method comprising:
obtaining, in real-time, a plurality of event data streams
associated with a plurality of entities from one or more
independently controlled data sources at different spa-
tio-temporal resolutions, wherein the plurality of event
data streams comprise at least one of a timestamped
data, a spatial data or at least one entity identifier,
wherein the plurality of event data streams partially
characterize spatial activity of each of the plurality of
entities temporally;
identifying one or more locations associated with each of
the plurality of event data streams based on at least one
of an entity context, a location context or a global
context derived from the plurality of event data
streams;
deriving at least one contextual event that affects at least
one place property of the one or more locations based
on at least one of (i) the spatial activity of each of the
plurality of entities temporally associated with the one
or more locations, (ii) attributes of at least one entity
visiting the one or more locations using a global
geo-spatial model, or (iii) a weather data;

automatically inferring a land-use and the at least one
place property of the one or more locations based on the
plurality of event data streams using at least one data
driven model of a place property and the at least one
contextual event; and

re-estimating the at least one place property of the one or

more locations when the plurality of event data streams
infer a different value for the at least one of place
property of the one or more locations using the at least
one data driven model.

2. The method of claim 1, wherein the at least one place
property of the one or more locations comprises a plurality
of static place properties and a plurality of dynamic place
properties, wherein the plurality of static place properties
comprise at least one of an address, a latitude, a longitude,
an altitude, a building polygon, or a mailbox number,
wherein the plurality of dynamic place properties comprise
at least one of (i) a frequency of human traffic, (ii) proximity
of starting points of visitors, (iii) a location of the starting
points of the visitors, (iv) a nature of the starting points of
the visitors, (v) a stay time at a different time of a day, (vi)
previous top locations and next top locations, (vii) other
similar places, or (viii) open spaces.

3. The method of claim 1, wherein the method further
comprises consolidating a nature of the one or more loca-
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tions by aggregating or disaggregating the one or more
locations with respect to one or more spatial scales, wherein
the one or more locations vary from a point to a polygon.

4. The method of claim 1, wherein the method further
comprises running the at least one data driven model of the
place property on a near daily basis and updating at least one
metric of the at least one place property of the one or more
locations for different time scales, wherein the different time
scales comprise a day, a week, a month, a quarter, or a year.

5. The method of claim 1, wherein the at least one
contextual event comprises at least one of a transportation
dynamic, a weather dynamic, or a community dynamic.

6. The method of claim 1, wherein the method further
comprises inferring the land-use and the at least one place
property in response to incoming queries with locations and
spatial regions that are not in the identified one or more
locations.

7. The method of claim 1, wherein the at least one data
driven model of the place property comprises at least one of
(1) a competitive analysis model, (ii) a visitor count model,
(iii) a dwell time determination model, (iv) a catchment area
determination model, (v) a similar places analysis model, or
(vi) a place pre-post visit attribution model.

8. The method of claim 1, wherein the method further
comprises (i) extrapolating the spatial data with census data
or (ii) interpolating the spatial data with the census data
before downstream processing.

9. The method of claim 1, wherein the method further
comprises filtering and standardizing the plurality of event
data streams into a common representational format before
downstream processing.

10. The method of claim 1, wherein the at least one data
driven model uses power law effects while inferring the at
least one place property of the one or more locations.

11. A system for automatically inferring one or more place
properties based on partially observable entity spatial activ-
ity data using one or more data driven models, said system
comprising:

a processor; and

a memory that stores a set of instructions, which when

executed by the processor, causes to perform:

obtaining, in real-time, a plurality of event data streams
associated with a plurality of entities from one or
more independently controlled data sources at dif-
ferent spatio-temporal resolutions, wherein the plu-
rality of event data streams comprise at least one of
a timestamped data, a spatial data or at least one
entity identifier, wherein the plurality of event data
streams partially characterize spatial activity of each
of the plurality of entities temporally;

identifying one or more locations associated with each
of' the plurality of event data streams based on at least
one of an entity context, a location context or a
global context derived from the plurality of event
data streams;

deriving at least one contextual event that affects at
least one place property of the one or more locations
based on at least one of (i) the spatial activity of each
of the plurality of entities temporally associated with
the one or more locations, (ii) attributes of at least
one entity visiting the one or more locations using a
global geo-spatial model, or (iii) a weather data;

automatically inferring a land-use and the at least one
place property of the one or more locations based on
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the plurality of event data streams using at least one
data driven model of a place property and the at least
one contextual event; and

re-estimating the at least one place property of the one
or more locations when the plurality of event data
streams infer a different value for the at least one of
place property of the one or more locations using the
at least one data driven model.

10. The system of claim 11, wherein the at least one place
property of the one or more locations comprises a plurality
of static place properties and a plurality of dynamic place
properties, wherein the plurality of static place properties
comprises at least one of an address, a latitude, a longitude,
an altitude, a building polygon, or a mail box number,
wherein the plurality of dynamic place properties comprises
at least one of (i) a frequency of human traffic, (ii) proximity
of starting points of visitors, (iii) a location of the starting
points of the visitors (iv) a nature of the starting points of the
visitors (v) a stay time at a different time of a day, (vi)
previous top locations and next top locations (vii) other
similar places, or (viii) open spaces.

13. The system of claim 11, wherein the processor is
further configured to consolidate a nature of the one or more
locations by aggregating or disaggregating the one or more
locations with respect to one or more spatial scales, wherein
the one or more locations vary from a point to a polygon.

14. The system of claim 11, wherein the processor is
further configured to run the at least one data driven model
of the place property on a near daily basis and updating at
least one metric of the at least one place property of the one
or more locations for different time scales, wherein the
different time scales comprise a day, a week, a month, a
quarter, or a yeatr.

15. The system of claim 11, wherein the at least one
contextual event comprises at least one of a transportation
dynamic, a weather dynamic or a community dynamic.

16. The system of claim 11, wherein the processor is
further configured to infer the land-use and the at least one
place property in response to incoming queries with loca-
tions and spatial regions that are not in the identified one or
more locations.

17. The system of claim 11, wherein the at least one data
driven model of the place property comprises at least one of
(1) a competitive analysis model, (ii) a visitor count model,
(iii) a dwell time determination model, (iv) a catchment area
determination model, (v) a similar places analysis model, or
(vi) a place pre-post visit attribution model.
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18. The system of claim 11, wherein the processor is
further configured to (i) extrapolate the spatial data with
census data or (ii) interpolate the spatial data with the census
data before downstream processing.
19. The system of claim 11, wherein the processor is
further configured to filter and standardize the plurality of
event data streams into a common representational format
before downstream processing.
20. A one or more non-transitory computer-readable stor-
age mediums storing the one or more sequences of instruc-
tions, which when executed by the one or more processors,
causes to perform a method for automatically inferring one
or more place properties based partially observable on entity
spatial activity data using one or more data driven models,
said method comprising:
obtaining, in real-time, a plurality of event data streams
associated with a plurality of entities from one or more
independently controlled data sources at different spa-
tio-temporal resolutions, wherein the plurality of event
data streams comprise at least one of a time stamped
data, a spatial data or at least one entity identifier,
wherein the plurality of event data streams partially
characterize spatial activity of each of the plurality of
entities temporally;
identifying one or more locations associated with each of
the plurality of event data streams based on at least one
of an entity context, a location context or a global
context derived from the plurality of event data
streams;
deriving at least one contextual event that affects at least
one place property of the one or more locations based
on at least one of (i) the spatial activity of each of the
plurality of entities temporally associated with the one
or more locations, (ii) attributes of at least one entity
visiting the one or more locations using a global
geo-spatial model, or (iii) a weather data;

automatically inferring a land-use and the at least one
place property of the one or more locations based on the
plurality of event data streams using at least one data
driven model of a place property and the at least one
contextual event; and

re-estimating the at least one place property of the one or

more locations when the plurality of event data streams
infer a different value for the at least one of place
property of the one or more locations using the at least
one data driven model.
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