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106 Estimate a position of the mobile device

based on the location indication as
monitored prior to the identified change
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1

SYSTEM AND METHOD FOR MONITORING
AND DISSEMINATING MOBILE DEVICE
LOCATION INFORMATION

BACKGROUND

Mobile communication devices such as cellular telephones
and smart phones including Global Positioning System
(“GPS”) receiver functionality often operate poorly in indoor
environments with regard to generating precise and accurate
location information. For proper operation, GPS receiving
devices receive locating signals from GPS satellites, which
signals may be blocked by buildings, structures, or other
environmental features. Large structures such as malls, office
buildings, schools, and parking garages are particularly
troublesome, preventing precise and accurate location infor-
mation from being generated by a mobile device within such
structures.

Some mobile device systems are configured to use ground-
located cellular base transceiver station signals for computing
location, which signals are typically better than GPS signals
at penetrating indoor environments. Suitable non-limiting
methods for determining location based on base transceiver
station signal measurement include but are not limited to:
Angle of Arrival (“AOA”), in which the angles of arrival of
signals from two base transceiver stations of known position
are determined; Time Difference of Arrival (“TDOA”) or
Time of Arrival (“TOA”), in which lengths of time it takes to
receive signals from three or more base stations of known
position are determined; Enhanced Observed Time Differ-
ence (“EOTD”), in which lengths of time it takes to receive
signals from three or more base stations of known position are
determined based on timing data provided via the network;
Advanced Forward Link Trilateration (“AFLT"), in which the
device position is triangulated based on signal measurements
from three or more base stations of known position by deter-
mining phase differences of the signals and signal strengths;
and signal strength triangulation, in which the device position
is triangulated based on signal strength measurements from
three or more base stations of known position. Like GPS
signals however, signals sent to or received from cellular base
transceiver stations may also be impeded by building struc-
tures or other environmental features.

It is common for location-based applications and services
that depend on GPS and related technologies to include dis-
claimers that the application or service may not function well
when a mobile device from which location information is
generated is located indoors. There are currently many loca-
tion-based applications configured to reside on or enable
communication with mobile devices, for example smart
phones such as the iPhone™ brand smart phone. Such appli-
cations typically only function well if the quality of the loca-
tion information they rely on is accurate and precise. For
example, if execution of a turn-by-turn driving directions
application is initiated on a mobile device while the mobile
device is in a parking garage shielded from GPS locating
signals, the application may not obtain a starting location and
therefore cannot begin computing directions for a user.

A user, system, or application which generates a real-time
request for a mobile device’s location relying on GPS signals,
base transceiver station signals, or related systems is likely to
obtain poor location data or no useable location data if the
mobile device’s happens to be indoors at the time of the
request. It would be desirable to provide a system for dissemi-
nating precise and accurate location information to users,
systems, and applications. Such provided system should
address inherent deficiencies of GPS or base transceiver sta-

20

25

30

35

40

45

50

55

60

65

2

tion signal reception to provide location information even
where reception of signals is impeded.

SUMMARY

The invention provides a computer-implemented mobile
device locating method. The method includes monitoring a
location indication of a mobile device and an indication of
precision or accuracy of the location indication. A change in
the precision or accuracy of the location indication is identi-
fied, and a position of the mobile device is estimated based on
the location indication as monitored prior to the identified
change.

The invention further provides a mobile device including a
processor and a memory including instructions operable to
enable the processor to perform a procedure. The procedure
includes monitoring a location indication of a mobile device
and an indication of precision or accuracy of the location
indication. A change in the precision or accuracy of the loca-
tion indication is identified, and a position of the mobile
device is estimated based on the location indication as moni-
tored prior to the identified change.

The invention further provides non-transitory computer-
readable media tangibly embodying a program of instructions
executable by a computing device to implement a method, the
computing device being capable of interfacing with a com-
munications network. The method includes monitoring a
location indication of a mobile device and an indication of
precision or accuracy of the location indication. A change in
the precision or accuracy of the location indication is identi-
fied, and a position of the mobile device is estimated based on
the location indication as monitored prior to the identified
change.

BRIEF DESCRIPTION OF THE DRAWING(S)

The foregoing Summary as well as the following detailed
description will be readily understood in conjunction with the
appended drawings which illustrate preferred embodiments
of'the invention. In the drawings:

FIG.1is aschematic illustration of an exemplary operating
environment in which mobile device communication systems
are operable according to a preferred embodiment of the
invention.

FIG. 2 is a flow chart showing a computer-implemented
method for processing mobile device location data according
to a preferred embodiment of the invention.

FIG. 3 is a process diagram showing a computer-imple-
mented method for processing mobile device location data
according to a preferred embodiment of the invention.

FIG. 4 is a plan view of an example roadmap for illustrating
a method according to a preferred embodiment of the inven-
tion.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT(S)

The preferred embodiments of the invention are described
below with reference to the drawing figures where like
numerals represent like elements throughout.

Referring to FIG. 1, a schematic illustration is shown of an
exemplary operating environment 10 in which preferred
mobile device communication systems in the form of mobile
devices 12 and a coordination system 30 can be used. The
mobile devices 12 and the coordination system 30 each
include one or more computing devices and one or more
memory devices, which computing devices and memory



US 8,504,077 B2

3

devices can be integrally constructed or connected in any
suitable manner. It is to be understood that a system com-
prises a computer system, as is known in the art.

Each mobile device 12 preferably includes a processor or a
plurality of processors which enable an operating system 14
and a module of instructions 16 preferably residing in a
memory of the mobile device 12. The mobile device 12,
which preferably includes cellular telephone functionality,
further includes a transceiver 18 for communication with
cellular base transceiver stations 60, 62 (“base stations”) and
a user interface 20, preferably including a display and one or
more audio speakers. The transceiver 18 can be further con-
figured to communicate with other wireless stations or
devices, and the mobile device 12 can alternatively support a
plurality of transceivers for communication with a plurality of
wireless stations or devices of differing protocols. A GPS
receiver 22 is preferably provided for receiving signals from
GPS satellites 70.

The coordination system 30 includes a processor or pro-
cessors which enable an operating system 32 and memory or
memories which permit operation of databases 36, 38, 40.
Preferably, collected mobile device location data is stored in
a location database 36, map data corresponding to roads,
addresses and other definable geographic data are stored in a
map database 38, and computed dimensions for venues
including buildings or other structures are stored in a venue
dimensional attribute database 40. The coordination system
30 is preferably configured to collect data indicative of
mobile device location of the mobile devices 12 via a tele-
communication network 72 and to associate the mobile
devices 12 with particular users. The location data is prefer-
ably received in the form of tuples. Each tuple preferably
includes one or more location coordinates and one or more
time stamps respectively associated with the one or more
location coordinates. Each tuple also preferably includes an
identification (“ID”) relating the tuple to a particular mobile
device and a precision indication indicating the precision
and/or accuracy of the one or more location coordinates.

The tuples or other suitable mobile device location data are
preferably received by the coordination system 30 in the form
of one or more short message service (“SMS”) messages
received from the mobile devices 12 via a short message
service center (“SMSC”) 74, which may be integrated with
the telecommunication network 72. Alternatively, location
data can be sent by the mobile devices 12 using internet
protocol (“TCP/IP”) and received by the coordination system
30 via an internet protocol (“IP”) gateway 76, which may be
integrated with the telecommunication network 72. The coor-
dination system 30 can alternatively query a remote position
determining entity (“PDE”) 78, a Gateway Mobile Location
Center (“GMLC”), or other system for disseminating loca-
tion data associated with mobile devices, which PDE 78,
GMLC or other system may be provided as a service by a
telecommunication carrier or other party, and which systems
may deliver data to the coordination system 30 via internet
protocol through the IP gateway 76 or via other suitable
protocol. One or more external application servers 73 execute
applications which use location data provided by the mobile
devices 12 or the coordination system 30 to provide content or
services to a user of a particular mobile device or other users
requiring data regarding a particular mobile device.

Referring to FIG. 2, a flow chart depicting a method 100
according to a preferred embodiment of the invention is
shown. The locating method 100 comprises monitoring a
location indication of a mobile device and monitoring an
indication of at least one of precision and accuracy of the
location indication (step 102). A change in the at least one of
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the precision and accuracy of the location indication is iden-
tified (step 104), and a position of the mobile device is esti-
mated based on the location indication as monitored prior to
the identified change (step 106). The method 100 further
preferably includes identifying the absence of a location indi-
cation, wherein the position of the mobile device is estimated
based on the location indication monitored prior to the iden-
tified absence.

The mobile device 12 is preferably configured for imple-
menting methods according to the invention including the
method 100, which mobile device 12 is preferably a location-
aware GPS-enabled mobile telephone or other suitable trans-
mitter/transceiver device capable of determining its location
or enabling another system, such as the PDE 42 to determine
its location. The mobile device 12 is preferably configured to
perform methods according to the invention within the exem-
plary environment 10 or other suitable environment without
assistance from the coordination system 30 via one or more
applications executed by a processor of the mobile device 12.
Alternatively, the coordination system 30 is configured for
implementing the methods according to the invention within
the exemplary environment 10 or other suitable environment.
Methods of the invention are herein described with reference
to the mobile device 12 and other systems shown in the
operating environment 10 of FIG. 1. Alternatively, the meth-
ods of the invention can be performed by any suitable mobile
device or one or more other systems with access to current
location data of a mobile device.

Monitoring the location indication according to the method
100 preferably includes collecting over a period of time a
plurality of location coordinates of the mobile device 12
corresponding to particular levels of precision or accuracy.
Tuples associated with a particular mobile device corre-
sponding to a particular user are preferably collected, wherein
each tuple is a data instance including a location coordinate,
a time stamp, a precision and/or accuracy indication, and, if
necessary, an identifier for the mobile device. The change in
the location indication is determined by identifying at least
one of the plurality of coordinates corresponding to a level of
precision or accuracy different than that of at least a prior in
time one of the plurality of coordinates. Such identification is
preferably performed by identifying at least one of the plu-
rality of coordinates corresponding to a level of at least one of
precision and accuracy less than a defined threshold value. A
decrease in a level of precision or accuracy of location coor-
dinates may occur when GPS signals or other signals required
for location determination are blocked or subject to attenua-
tion or multipath fading or effects. A change in the location
indication can alternatively be determined by identifying an
absence of location coordinates, for example in a case where
no suitable GPS signals or other signals required for location
determination are received by the mobile device 12 at a par-
ticular time instance.

The defined threshold value can be a fixed value. Alterna-
tively, the defined threshold can be variable, wherein a current
threshold value is preferably defined based on levels of pre-
cision or accuracy associated with prior-recorded location
coordinates. Variable thresholds are preferably defined based
on average, mean or typical precision or accuracy indications
of tuples associated with one or more mobile devices 12 in a
particular environment, wherein a level of precision or accu-
racy of a location coordinate which is a less than such aver-
age, mean, or typical level by a predetermined degree, value
or amount, is thereby determined to be less than the threshold
value. Prior-recorded tuples from one or more mobile devices
12 including indications of precision or accuracy of location
coordinates can be stored in the location database 17 of a
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mobile device 12 or the location database 36 of the coordi-
nation system 30, which mobile device 12 or coordination
system 30 can determine a threshold value based on such
prior-recorded data.

In response to an identified decrease in a level of precision
oraccuracy of alocation indication, the position of the mobile
device 12 is preferably estimated by extrapolation based on
one or more of the plurality of coordinates corresponding to a
first time period prior to the identified decrease, wherein a
second time period after the identified decrease corresponds
to one or more of the plurality of coordinates comprising a
level of precision or accuracy less than that of the one or more
of'the plurality of coordinates of the first time period. The one
or more coordinates corresponding to the first time period
prior to the identified change are preferably rendered acces-
sible to a user, system or application, as monitored. During
the second time period after the identified change, the esti-
mated position is correlated with the second time period and
rendered accessible to the user, system or application as cor-
related with the second time period. In response to a later
identified increase in the level of precision or accuracy of the
location indication, one or more of the plurality of coordi-
nates corresponding to a third time period after the identified
increase are preferably rendered accessible to a user, system
or application, as monitored.

Preferably, when a monitored location indication corre-
sponds to a level of precision or accuracy equal to or above a
predetermined threshold value, the location coordinates asso-
ciated with the monitored location indication are rendered
accessible. When the monitored location indication corre-
sponds to a level of precision or accuracy below a predeter-
mined threshold or when location data is unavailable, an
estimated position is rendered accessible, which estimated
position is determined by extrapolation based on a previously
monitored location indication corresponding to a level of
precision or accuracy above the predetermined threshold. In
such manner, in rendering location data accessible to a user,
system, or application, estimated positions are substituted for
potentially imprecise or inaccurate location coordinates.

The estimated position can be extrapolated based on a
direction of travel of the mobile device 12 as determined from
two or more of the plurality of coordinates corresponding to
the time period prior to the identified decrease in location
precision or accuracy, and preferably substantially immedi-
ately or near in time prior to the identified decrease. To assist
in estimating a position of the mobile device 12, environmen-
tal data related to buildings or other structures where the
mobile device 12 is likely to travel is collected to determine a
likely position of the mobile device. Preferably, dimensional
attributes of one or more venues are collected and the mobile
device position is estimated to be within an area defined by
the dimensional attributes a venue in response to a decrease in
a level of precision or accuracy of the location indication.
Preferably, a mobile device 12 which is determined based on
its location coordinates to be heading along a particular path
at a particular speed prior to a decrease of a level of precision
or accuracy of its location indication below a threshold, is
correlated with a venue at a location in the path or within
reasonable proximity of the path and within reasonable prox-
imity of the determined location of the mobile device 12
substantially immediately prior to the decrease in the level of
precision or accuracy of the location indication. For example,
amobile device 12 which is determined to be near and moving
toward a parking garage can be predicted to have entered the
parking garage at the point where a decrease in the level the
precision of one or more location coordinates generated via
the mobile device 12 are identified.
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Dimensional attributes of a venue include preferably esti-
mates of a size, shape, and location of a building that may
contain a user with a mobile device. Dimensional attributes
can be collected in a variety of ways from multiple sources
that are not mutually exclusive. Dimensional attributes can be
sourced from public property records setting forth boundaries
for aplot ofland that a particular building is on. Alternatively,
public or private photographic street imagery can be analyzed
to determine rooftop and building dimensions. Alternatively,
dimensional attributes can be sourced from existing network-
based services which collect and render available to the pub-
lic data on building geometries as part of their mapping plat-
forms. For example, Google™ and Microsoft™ brand
mapping services enable an overlay of building geometries on
top of their web-based maps in certain urban areas.

Dimensional attributes of a venue can further be deter-
mined through an analysis of previously collected location
datainstances, which can be stored in the location database 17
of a particular mobile device or the location database of the
coordination system 30. Building locations can be inferred
from collecting multiple GPS fixes from one or more devices,
taking advantage of the fact that GPS receivers work well
when outdoors and work poorly indoors within a building. In
a particular area with a high density of previously collected
GPS fixes, a building’s location is preferably defined as the
negative space where no high precision or high accuracy
location fixes have been observed. By such process, exact
geometries of dead spaces where location precision is low or
no location data is available are learned, which dead spaces
correspond to the dimensional attributes of a venue such as a
building. Thereby, according to a preferred method of the
invention, location indications of one or more mobile devices
and indications of precision or accuracy of the location indi-
cations are monitored. An area is identified in which the
location indications correspond to a level of precision or
accuracy less than a predetermined threshold value or where
location indications are absent. If the location indication of a
particular mobile device shows that the particular mobile
device was in reasonable proximity to the identified area prior
to a decrease in the level of precision or accuracy or absence
of the location indication, the position of a particular mobile
device is estimated as within the identified area.

Referring to FIG. 3, a process diagram depicting a com-
puter-implemented mobile device locating process 200
according to a preferred embodiment of the invention is
shown. The process 200 is preferably implemented by one or
more processors locally on a mobile device such as the mobile
device 12 of FIG. 1, which can execute the process 200 via the
module of instructions 16 enabled by the one or more proces-
sors. Alternatively, the locating process 200 can be performed
using any suitable mobile device or a remote system such as
the coordination system 30 in communication with a mobile
device 12 via a network such as telecommunication network
72. The locating process 200 comprises collecting a current
location data instance of a mobile device (step 202), which
data instance preferably includes a location coordinate and an
indication of precision or accuracy of the location coordinate.
Collected data instances are stored in a history database such
as the location database 17 of the mobile device 12 of FIG. 1,
or alternatively the location database 36 of the coordination
system 30. If it is determined that a location coordinate or
other requisite information for locating the mobile device is
unavailable in step 204, the process proceeds to estimate the
mobile device position at step 210 described below. If the
location coordinate is available, the indication of precision or
accuracy is compared with a predetermined threshold value
(step 206). If the indication of precision or accuracy corre-
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sponds to a value greater than or equal to the threshold value,
the process proceeds to step 212, wherein the location coor-
dinate corresponding to the collected current data instance is
provided in substantially unmodified form to a user, an appli-
cation or a system requiring the location coordinate. Addi-
tionally, if poor quality location information is collected a
predetermined number of times corresponding to a coordi-
nate with precision or accuracy less than the threshold value,
instructions can be transmitted to a user of a mobile device 12
via its user interface 20 to move to a location where it is
known that locating signals are not impeded and location
coordinates corresponding to a level of precision and accu-
racy greater than or equal to the predetermined threshold can
be rendered. A new current location data instance is collected
after a step 216 corresponding to a predetermined cycling
time period AT. The cycling time period AT is preferably
between 1 and 30 seconds, or alternatively, any period fixed or
variable suitable for a particular application.

If the indication of precision or accuracy is determined in
step 206 to correspond to a value less than the threshold value,
the process proceeds to step 208 where it is determined
whether the location coordinate of the current data instance
corresponds to a location which is positioned from the loca-
tion of one or more prior data instances by a distance (AL)
exceeding a predetermined limit distance. The one or more
prior data instances can be designated as an immediately prior
data instance or the most recent prior data instance corre-
sponding to an indication of precision or accuracy of a value
greater than or equal to the threshold value. If it is determined
that the AL is greater than the predetermined limit distance the
process proceeds to step 212, wherein the location coordinate
corresponding to the collected current data instance is pro-
vided in substantially unmodified form to a user, an applica-
tion or a system requiring the location coordinate. If it is
determined the AL is less than or equal to the predetermined
limit distance the process proceeds to step 210, where a
position of the mobile device is estimated. Accordingly, even
if relatively imprecise location data is collected, the collected
location coordinate is provided substantially unmodified if
the collected data indicates that the mobile device has moved
a significant distance since a prior locate or is traveling at a
significant rate of speed for a significant period of time,
showing that despite imprecision of the location data it is
unlikely that the mobile device is remaining within a particu-
lar indoor environment.

The estimated position determined in step 210 is preferably
based on extrapolation from one or more location data
instances collected prior to the current location data instance
and corresponding indications of precision or accuracy
greater than or equal to the threshold value. The estimated
position can be further based in part on the current location
data instance which corresponds to the indication of precision
or accuracy less than the threshold value. In a step 214, the
estimated position corresponding to the collected current data
instance is provided to a user, an application or a system
requiring the location coordinate. The estimated position can
be provided in the form of one or more location coordinates or
an indication of boundaries of a geographic area and can be
defined by or correspond to the dimensional attributes of a
known venue such as a building or a structure. Thereafter, a
new current location data instance is collected at the step 216
corresponding to the predetermined cycling time period AT.

The locating process 200 keeps track of a mobile device
user’s trail of locations. As a mobile device user enters a
particular structure such as a parking garage, a series of
relatively precise high quality locations leading up to a sud-
denly relatively imprecise low quality location or locations or
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a substantially complete absence of location information is
witnessed. It is preferably determined through extrapolation
that the user has entered the particular structure if the struc-
ture is within a predetermined distance from the last relatively
high quality location. To make the determination that the user
has entered the particular structure it is further preferred that
the witnessed direction of travel leading up to the relatively
low quality location or locations was in the general direction
of'the particular structure and that the low quality location or
locations do not correspond to distances greater than a pre-
determined limit distance from the structure or from prior
recorded locations. Thereafter, the structure’s known position
is provided as the mobile device’s estimated position. So long
as the determined current location remains at a low level of
quality or is substantially unavailable, it is determined that the
mobile device remains within the structure, and the imple-
menting system, on the mobile device or a remote system,
continues to render the estimated location accessible to a
requesting user, a system or an application. Any requests to
such implementing system for the user’s location during this
time will return the extrapolated location information rather
than raw low quality GPS information or other location infor-
mation generated by device-based GPS determination hard-
ware or other device-based or remote position determination
systems. Such implementing system preferably estimates the
mobile device is still in the structure until it witnesses high
quality location information leading away from the structure,
or low quality location information that puts the mobile
device in a location sufficiently distanced from the structure
or from previously witnesses locations as to call into question
whether the mobile device is still positioned at the structure.

A preferred approach to enabling the process 200 and other
locating processes according to the invention involves run-
ning the process on one or more processors on a mobile
device itself. The locating process can be configured to run
selectively depending on factors including but not limited to
the time of day and the user’s proximity to locations of inter-
est, or it can run substantially all the time. Preferably, the
locating process is configured to run as a background process,
but this is not a strict requirement. The process can be run as
a standalone application, a helper application, as a process
within another application, or even as part of the mobile
device operating system itself. Alternatively, the process
could run as an application in a carrier network or down-
stream there from, locating the device periodically by way of
network application program interfaces (“APIs”) rather than a
process running on the mobile device itself. An application
according to the invention is preferably configured to receive
queries from requesting third party applications for the
mobile device’s location. Preferably, if real-time location,
generated from GPS hardware or other device-based or
remote position determining system is of high enough preci-
sion, the real-time generated location is transmitted to the
requesting application. But if the location result is of low
quality, providing reason to conclude the user is indoors, a
higher quality estimate is returned to the requesting applica-
tion based on the extrapolated location of a nearby building or
structure.

The above-described processes according to the preferred
invention embodiments address the limitations of current
GPS and ground-located mobile device locating systems
through recognizing: a) a mobile device is typically outside
before it enters a signal impeding structure; b) the mobile
device will be outside again after the mobile device leaves the
signal impeding structure; and ¢) when the mobile device is
outside, the mobile device is more likely to receive unim-
peded signals for determining location. The above-described
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processes enable tracking of where a mobile device was last
located before entering a signal impeding structure, and
thereafter, instead of using the poor or unavailable location
information reported while the mobile device is inside the
impeding structure, the mobile device’s location is reported
as the position of the impeding structure or an extrapolated
position within the impeding structure.

Referring to FIG. 4, an example map 300 illustrative of the
performance of a method according to a preferred embodi-
ment of the invention is shown. The map 300 includes roads
302 and building venues 304, 306, 308 including a mall 304,
a restaurant 306, and a school 308. Dimensional attributes of
the venues 304, 306, 308 are collected. Other known venues
for which dimensional attributes can be collected preferably
include building structures or other locations which may pre-
clude transmission or receipt of locating signals by a mobile
device, such as locating signals from GPS satellites or land
base transceiver stations.

Location indication areas 310, 320, 330, 340, 350, 370
correspond to a monitored location indication of one particu-
lar mobile device at succeeding first, second, third, fourth,
fifth and seventh time instances respectively. No location
indication area corresponds with a sixth time instance
between the fifth and seventh time instances, due to impeded
device locating signals. The consecutive first, second, third,
fourth, fifth, sixth and seventh time instances are separated by
a known cycling time AT. Each location indication area 310,
320, 330, 340, 350, 370 defines an area based on a precision
indication and one or more location coordinates, within
which area the particular mobile device is ostensibly located.
While the location indication areas are shown as circular they
can be any regular or irregular shape depending on the type
and quality of the monitored location indication. As shown,
the location indication areas 310, 320, 330, 340, 350, 370 are
at different positions on the map 300 indicating motion of the
mobile device during the succeeding time instances.

The first, second and third time instances respectively cor-
respond to location indication areas 310, 320, 330 having
equal diameters 312 corresponding to a first level of preci-
sion. Thereafter, at the succeeding fourth and fifth time
instances, the location indication areas 340, 350 have a larger
diameter 342 corresponding to a second level of precision less
than the first level of precision of the previous location indi-
cation areas 310, 320, 330. Thereafter at the sixth time
instance, no location indication is received, collected or
observed. Thereafter, at the seventh time instance, the loca-
tion indication area 370 corresponds to the diameter 312
indicating a return to the first level of precision. As shown, a
level of precision of the location indication is inversely pro-
portional to the diameter of the location indication area at a
particular time instance.

A minimum precision level threshold value is defined
which corresponds to a maximum location indication area.
Location indication areas 310, 320, 330, 370 are less than the
defined maximum location area, and therefore location coor-
dinates corresponding to those areas are rendered accessible
to a requesting or requiring user, application or system, which
data can be rendered substantially real-time at each time
instance as the location indication is monitored. The location
indication area 340 corresponding to the fourth time instance
is determined to be greater than the defined maximum loca-
tion indication area, and accordingly, location indication area
340 corresponds to a level of precision less than the minimum
precision level threshold value. In response to this determi-
nation, an estimate of the position of the mobile device at the
fourth time instance is performed based on one or more of the
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location indication areas 310, 320, 330 and the dimensional
attributes of one or more venues in proximity thereto.

The estimated position of the mobile device is determined
as the footprint of the one of the building venues 304, 306, 308
which is nearest to and within a predetermined maximum
distance from the location data instance immediately preced-
ing the change in the level of precision, and which is in the
direction of travel of the monitored mobile device. The pre-
determined maximum distance can optionally be set based on
the average speed of the mobile device preceding the change
in the level of precision, wherein a faster average speed cor-
responds to a larger predetermined maximum distance. In the
illustrated example, the mobile device’s average speed and
direction on a road 302 prior to the fourth time instance
corresponding to the decreased level of precision is deter-
mined based on the location coordinates of the first, second
and third location indication areas 310, 320, 330 and the
cycling time AT between the corresponding time instances.
Based on the determined average speed, direction of travel,
route of travel on the roads 302, and collected dimensional
attributes of one or more venues within a predetermined dis-
tance from the location indication area 330, an extrapolated
area 344 corresponding to a footprint area of the mall 304 is
determined to be the extrapolated estimated position of the
monitored mobile device. The school 308 is nearer than the
mall 304 to the third location indication area 330, which
immediately precedes the change in the level of precision.
However, the direction of travel determined from the location
indication areas 310, 320, 330 indicates that the mobile
device is heading in the direction of the mall 304. The restau-
rant 306 is in the direction of travel of the mobile device, but
the restaurant 306 is outside a maximum distance from the
location indication area 330 based on the mobile device’s
determined average speed, and the mall 304 is closer to the
third location indication area 330 than the restaurant 306. The
predetermined distance is preferably based on the estimated
velocity and direction of the mobile device prior to the
decrease in precision of the location indication. The extrapo-
lated area 344 corresponds to a predicted position of the
mobile device during the fourth time instance at which the
location indication area 340 is generated.

The location indication area 350 corresponding to the fifth
time instance, following consecutively after the fourth time
instance, is also greater than the defined maximum location
indication area. The estimated position at the extrapolated
area 344 corresponding to the mall 304 is maintained during
the fifth time instance in response to the location indication
area 350 exceeding the maximum location indication area
and in response to the location indication area being within a
predetermined distance from the mall 304. The estimated
position 344 at the mall 304 is maintained during the sixth
time instance in response to no location coordinate being
observed or available at the sixth time instance. One or more
location coordinates corresponding to the estimated position
at the extrapolated area 344 are rendered accessible to a user,
an application or a system, which data can be rendered sub-
stantially real-time at each of the fourth, fifth, and sixth time
instances.

At the seventh time instance corresponding to the location
indication area 370, which is not greater than the maximum
location indication area, one or more location coordinates
corresponding to the actual monitored location indication are
rendered accessibleto a user, application or system. As shown
by the example map 300, a method according to a preferred
embodiment of the invention enables quality location esti-
mates to be delivered to a user, application or system even at
times when location information currently available via a
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GPS receiver or other location determining system is inaccu-
rate, imprecise or unavailable.

While the preferred embodiments of the invention have
been described in detail above, the invention is not limited to
the specific embodiments described above, which should be
considered as merely exemplary. Further modifications and
extensions of the invention may be developed, and all such
modifications are deemed to be within the scope of the inven-
tion as defined by the appended claims.

What is claimed is:

1. A computer-implemented mobile device locating
method comprising:

monitoring a location indication of a mobile device and an

indication of at least one of precision and accuracy of the
location indication;

identifying a change in the at least one of the precision and

the accuracy of the location indication;

collecting venue dimensional attributes of a plurality of

venues; and

estimating a position of the mobile device based on the

location indication as monitored prior to the identified
change, wherein the mobile device position is estimated
as within an area defined by the dimensional attributes of
at least one of the plurality of venues in response to the
at least one of the plurality of venues being positioned a
predetermined distance from a coordinate correspond-
ing to the location indication prior to the identified
change.

2. The method of claim 1, further comprising rendering the
estimated position accessible to at least one of a user of the
mobile device, an application executed on the mobile device,
and a system in communication with the mobile device via a
network.

3. The method of claim 1, wherein identifying the change
comprises identifying a decrease in a level of the at least one
of the precision and the accuracy of the location indication.

4. The method of claim 1, further comprising:

determining a direction of travel of the mobile device based

on the location indication prior to the identified change;
and

estimating the mobile device position as within an area

defined by the dimensional attributes of the at least one
of' the plurality of venues in response to the at least one
of' the plurality of venues being positioned substantially
in the determined direction of travel.

5. The method of claim 1, further comprising:

determining an average velocity of the mobile device based

on the location indication prior to the identified change;
and

determining the predetermined distance from the coordi-

nate corresponding to the location indication prior to the
identified change based on the determined average
velocity.

6. The method of claim 1, further comprising rendering
accessible to atleast one of a user, an application and a system
the estimated position.

7. The method of claim 1, wherein monitoring the location
indication of a mobile device comprises monitoring at least
one of a GPS location indication and a location indication
based on base transceiver station signals.

8. A computer-implemented mobile device locating
method comprising:

monitoring a location indication of a mobile device and an

indication of at least one of precision and accuracy of the
location indication;

identifying a first change in the at least one of the precision

and the accuracy of the location indication;
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estimating the position of the mobile device in response to
the first change in the at least one of the precision and the
accuracy of the location indication, wherein the position
of the mobile device is estimated based on the location
indication as monitored prior to the identified first
change;
identifying a second change in the at least one of the pre-
cision and the accuracy of the location indication;

rendering accessible to at least one of a user, an application
and a system at least a portion of the location indication
which corresponds to a time period before the first
change in the at least one of the precision and the accu-
racy and at least a portion of the location indication
which corresponds to a time period after the second
change in the at least one of the precision and the accu-
racy; and

rendering accessible to the at least one of the user, the

application, and the system the estimated position,
wherein the estimated position corresponds to a time
period after the first change in the at least one of the
precision and the accuracy and before the second change
in the at least one of the precision and the accuracy.

9. The method of claim 8, wherein identifying the first
change comprises identifying a decrease in a level of the at
least one of the precision and the accuracy of the location
indication, and wherein identifying the second change com-
prises identifying an increase in the level of the at least one of
the precision and the accuracy of the location indication.

10. A computer-implemented mobile device locating
method comprising:

monitoring a location indication of a mobile device by

collecting over a period of time a plurality of location
coordinates of the mobile device corresponding to levels
of at least one of precision and accuracy;

identifying a change in at least one of precision and accu-

racy of the location indication by identifying at least one
of'the plurality of coordinates corresponding to a level of
at least one of precision and accuracy different than that
of at least a prior in time one of the plurality of coordi-
nates; and

estimating a position of the mobile device based on the

location indication as monitored prior to the identified
change.

11. The method of claim 10, further comprising identifying
at least one of the plurality of coordinates corresponding to a
level of at least one of precision and accuracy less than a
defined threshold value.

12. The method of claim 11, further comprising defining
the threshold value based on the level of at least one of
precision and accuracy of the at least the prior in time one of
the plurality of coordinates.

13. The method of claim 10, further comprising:

estimating the position of the mobile device based on at

least a first one of the plurality of coordinates corre-
sponding to a first time period prior to the identified
change, wherein a second time period after the identified
change corresponds to at least a second one of the plu-
rality of coordinates comprising a level of at least one of
precision and accuracy less than that of the at least the
first one of the plurality of coordinates;

correlating the estimated position with the second time

period; and

rendering accessible to at least one of a user, an application,

and a system the at least the first one of the plurality of
coordinates corresponding to the first time period and
the estimated position correlated with the second time
period.
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14. The method of claim 13, further comprising estimating
the position of the mobile device based on a direction of travel
determined from at least two of the plurality of coordinates
corresponding to the first time period prior to the identified
change.

15. The method of claim 10, further comprising:

identifying a first change and a second change in the at least

one of the precision and the accuracy of the plurality of
coordinates;

estimating the position of the mobile device based on at

least a first one of the plurality of coordinates corre-
sponding to a first time period prior to the first identified
change, wherein a second time period after the first
identified change corresponds to at least a second one of
the plurality of coordinates comprising a level of at least
one of precision and accuracy less than that ofthe at least
the first one of the plurality of coordinates, and wherein
a third time period after the second identified change
corresponds to at least a third one of the plurality of
coordinates comprising a level of at least one of preci-
sion and accuracy greater than that of the at least the
second one of the plurality of coordinates;

correlating the estimated mobile device position with the

second time period; and

rendering accessible to at least one of a user, an application,

and a system the at least the first one of the plurality of
coordinates corresponding to the first time period, the
estimated mobile device position correlated with the
second time period, and the at least the third one of the
plurality of coordinates corresponding to the third time
period.

16. The method of claim 10, further comprising:

identifying an area in which at least one of:

the plurality of coordinates correspond to a level of at
least one of precision and accuracy less than a prede-
termined threshold value; and
none of the plurality of coordinates are present; and
estimating the position of the mobile device as within the
identified area.

17. The method of claim 10, further comprising:

identifying an absence of the location indication; and

estimating the position of the mobile device based on the
location indication monitored prior to the identified
absence.

18. A computer-implemented mobile device locating
method comprising:

collecting over a period of time a plurality of location

coordinates of a mobile device corresponding to levels
of at least one of precision and accuracy;

identifying a time instance at which at least one of the

plurality of coordinates corresponds to a level of at least
one of precision and accuracy less than a defined thresh-
old value or at which a location coordinate is unavail-
able;

collecting venue dimensional attributes of at least one

venue;

estimating the mobile device position as within an area

defined by the dimensional attributes of the at least one
venue in response to at least one of the plurality of
location coordinates corresponding to a time period
prior to the identified time instance being positioned a
predetermined distance from the at least one venue; and
rendering the estimated mobile device position accessible
to at least one of a user of the mobile device, an appli-
cation executed on the mobile device, and a system in
communication with the mobile device via a network.
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19. The method of claim 1, further comprising:

identifying an absence of the location indication; and

estimating the position of the mobile device based on the
location indication monitored prior to the identified

5 absence.

20. A computer-implemented mobile device locating

method comprising:

monitoring a location indication of a mobile device by
collecting a plurality of location coordinates corre-
sponding to levels of at least one of precision and accu-
racy greater than or equal to a predetermined threshold
value;

identifying a change in the at least one of the precision and
the accuracy of the location indication to a value less
than the predetermined threshold value;

15 estimating a position of the mobile device based on the
location indication as monitored prior to the identified
change; and

providing instructions to a user of the mobile device indi-

cating a direction of travel to at least one of the plurality

20 of coordinates corresponding to the level of at least one
of precision and accuracy greater than or equal to the
predetermined threshold value in response to identifying
a change in the at least one of the precision and the
accuracy of the location indication to a value less than

25 the predetermined threshold value.

21. A computer-implemented mobile device locating
method comprising:

monitoring location indications of a plurality of mobile

devices and at least one of precision and accuracy of the

30 location indications of the plurality of mobile devices;

identifying an area in which at least one of:

the location indications of the plurality of mobile
devices correspond to a level of at least one of preci-
sion and accuracy less than a predetermined threshold

35 value; and
location indications are absent;

identifying at least one of a decrease in a level ofthe at least

one of the precision and the accuracy of the location
indication and an absence of the location indication of a

40 particular mobile device; and

estimating the position of the particular mobile device as

within the identified area based on the location indica-
tion of the particular mobile device as monitored prior to
at the least one of the identified decrease and identified

45 absence.

22. A mobile device comprising at least one processor and
at least one memory comprising instructions operable to
enable the at least one processor to perform a procedure
comprising:

50  monitoring a location indication of a mobile device by
collecting over a period of time a plurality of location
coordinates of the mobile device corresponding to levels
of at least one of precision and accuracy;

identifying a change in at least one of precision and accu-

55 racy of the location indication by identifying at least one
of'the plurality of coordinates corresponding to a level of
at least one of precision and accuracy different than that
of at least a prior in time one of the plurality of coordi-
nates; and

60  estimating a position of the mobile device based on the
location indication as monitored prior to the identified
change.

23. Non-transitory computer-readable media tangibly
embodying a program of instructions executable by a com-

65 puting device to implement a method, the computing device

being capable of interfacing with a communications network,
the method comprising:
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monitoring a location indication of a mobile device by
collecting over a period of time a plurality of location
coordinates of the mobile device corresponding to levels
of at least one of precision and accuracy;

identifying a change in at least one of precision and accu-
racy of the location indication by identifying at least one
of'the plurality of coordinates corresponding to a level of
at least one of precision and accuracy different than that
of at least a prior in time one of the plurality of coordi-
nates; and

estimating a position of the mobile device based on the
location indication as monitored prior to the identified
change.
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