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(57) ABSTRACT 

The present invention pertains to enhancement or refinement 
of estimated locations based upon user-specific information. 
Upon user authorization, geographical information is 
extracted from a number of user-related Sources, including 
the web browser history, search history, maps history, address 
book, e-mail archives and calendar entries. Such information 
is used to build a spatial index of specific physical locations 
for a geocoded result set. From this, heat maps identifying 
particular locations from the user-related Sources are created 
for different periods of time. The heat maps may be used to 
refine an initial location estimate of the user. This may be 
done by determining whether one or more positions in a given 
heat map provide a more accurate position of the user than the 
initial estimate. If so, a best position is selected. This can be 
used to provide enhanced driving directions to the user. 
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REFINING LOCATION ESTMATES AND 
REVERSE GEOCODING BASED ON AUSER 

PROFILE 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention relates generally to location 
based services and applications for mobile and desktop users. 
More particularly, the present invention relates to refining 
locations or positions in view of user-specific information. 
0003 2. Description of Related Art 
0004 Location-based services and applications are 
becoming more and more popular as the number and types of 
portable electronic devices increases. Devices such as mobile 
telephones, PDAs and laptop/palmtop computers may be 
used indoors and outdoors in one location or while on the go. 
The approximate location of the user's device or a place of 
interest may be found with a number of different technolo 
gies. One such technology is satellite-based location using the 
Global Positioning System (“GPS). Another location tech 
nology employs triangulation among multiple cell towers to 
estimate the device's position. A further location technology 
is IP geocoding. In this technique, a device's IP address may 
be mapped to a physical location. 
0005. Unfortunately, existing location technologies have 
limited accuracies. For instance, cell tower triangulation and 
IP geocoding may provide a very coarse location estimate. 
Depending upon signal strength, tower placement, interfer 
ence and other factors, triangulation errors may be on the 
order of hundreds of feet or even miles. IP geocoding may be 
even more unreliable, with errors of hundreds of miles pos 
sible. Even GPS, which may be accurate to 10-20 feet or 
better, may be unusable in indoor environments such as shop 
ping plazas, office building, Subways and the like. 
0006 Aspects of the present invention address these and 
other problems to provide refined or enhanced positioning 
information based upon user-specific information. 

BRIEF SUMMARY OF THE INVENTION 

0007. In accordance with one embodiment, a method for 
refining physical location information for a place of interest 
comprises analyzing at least one electronic database contain 
ing information about a selected user to determine whether 
the at least one electronic database includes geographical 
information; extracting a result set from the at least one elec 
tronic database, the result set including the geographical 
information; performing geopoint extraction on the result set 
to obtain specific physical locations for each item of geo 
graphical information in the result set; constructing a spatial 
index containing the specific physical locations and time 
information for one or more of the specific physical locations; 
creating at least one heat map containing selected ones of the 
specific physical locations based upon the time information. 
0008. In one example, the method further comprises rank 
ing results in the spatial index to indicate a confidence in the 
specific physical locations. In this case, the confidence may 
be determined by accuracy of the geopoint extraction. Alter 
natively, the time information may indicate at least one of a 
time an event occurred and a time that selected information 
about the event expired. Here, different heat maps may dis 
play different ones of the selected specific physical locations 
based upon the ranked results in the spatial index and the 
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method may further comprise presenting at least one of the 
heat maps on a display device. 
0009. In another embodiment, a processing system for 
processing geographical information comprises at least one 
processor, a geolocation module associated with the at least 
one processor, and memory for storing data. The memory is 
electrically coupled to the at least one processor. The geolo 
cation module is configured to analyze at least one electronic 
database containing information about a selected user to 
determine whether the at least one electronic database 
includes geographical information, to extract a result set from 
the at least one electronic database (the result set including the 
geographical information) to perform geopoint extraction on 
the result set to obtain specific physical locations for each 
item of geographical information in the resultSet, to construct 
a spatial index containing the specific physical locations and 
time information for one or more of the specific physical 
locations, to store the spatial index in the memory of the 
processing system, and to create at least one heat map con 
taining selected ones of the specific physical locations based 
upon the time information. 
0010. In one example, the geolocation module is further 
configured to transmit the at least one heat map to an autho 
rized user for presentation on a display of a user device. In 
another example, the geolocation module includes a pro 
tected data fetcher for communicating with the at least one 
electronic database. The protected data fetcher is configured 
to search the at least one electronic database for geographical 
data contained in web pages and search histories. 
0011. In a further example, the specific physical locations 
maintained in the spatial index correspond to latitude and 
longitude coordinates of physical addresses. And in yet 
another example, each heat map presents the selected ones of 
the specific physical locations displays as ranked points of 
interest based upon the time information. 
0012. In accordance with another embodiment, a method 
for refining a location estimate of a user's physical location 
comprises estimating a current location of the user; compar 
ing the estimated current location with one or more heat maps 
identifying specific physical locations in a predetermined 
geographical area, the one or more heat maps containing time 
information associated with one or more of the specific physi 
cal locations associated with the user, each heat map being 
derived from at least one electronic database containing infor 
mation about the user; determining a set of relevant matching 
addresses from a selected one of the heat maps; analyzing the 
set of relevant matching addresses of the selected heat map 
that are within a preset distance of the estimated current 
location; determining whether a given one of the relevant 
matching addresses provides a more accurate location than 
the estimated current location; and if the given one of the 
relevant matching addresses provides a more accurate loca 
tion than the estimated current location, selecting the given 
address as a refined position of the user. 
0013. In one example, the user's current location is esti 
mated from historical user information stored in the at least 
one electronic database. In another example, at least one of 
the relevant matching addresses is selected based upon a 
frequency ranking representing how often the at least one 
relevant matching address appears in the at least one elec 
tronic database. In another example, at least one of the rel 
evant matching addresses is selected based upon a timeliness 
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ranking representing how often the at least one relevant 
matching address appears in the at least one electronic data 
base at a given point in time. 
0014. In yet another embodiment, a location estimation 
system comprises a processor; a geolocation module associ 
ated with the at least one processor for executing operations; 
and memory for storing data, with the memory electrically 
coupled to the processor. The geolocation module is config 
ured to estimate a current location of the user, compare the 
estimated current location with one or more heat maps iden 
tifying specific physical locations in a predetermined geo 
graphical area, the one or more heat maps containing time 
information associated with one or more of the specific physi 
cal locations associated with the user, each heat map being 
derived from at least one electronic database containing infor 
mation about the user, determine a set of relevant matching 
addresses from a selected one of the heat maps; analyze the 
set of relevant matching addresses of the selected heat map 
that are within a preset distance of the estimated current 
location; determine whether a given one of the relevant 
matching addresses provides a more accurate location than 
the estimated current location; and if the given one of the 
relevant matching addresses provides a more accurate loca 
tion than the estimated current location, select the given 
address as a refined position of the user. 
0015. In one example, the processor is configured to 
prefetch data associated with the user's estimated current 
location from a remote database and to store the prefetched 
data in the memory. In this case, the processor may be oper 
able to present the refined position in the selected heat map on 
a display device. In yet another example, at least one of the 
relevant matching addresses is selected based upon a fre 
quency ranking representing how often the at least one rel 
evant matching address appears in the at least one electronic 
database. And in a further example, at least one of the relevant 
matching addresses is selected based upon a timeliness rank 
ing representing how often the at least one relevant matching 
address appears in the at least one electronic database at a 
given point in time. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016 FIGS. 1A-B illustrate a computer network architec 
ture in accordance with aspects of the present invention. 
0017 FIG. 2 illustrates a user device architecture in accor 
dance with aspects of the present invention. 
0018 FIG. 3 is a flow diagram of a location augmentation 
application in accordance with aspects of the present inven 
tion. 
0019 FIG. 4 illustrates operation of a geolocation module 
in accordance with aspects of the present invention. 
0020 FIG. 5 is a flow diagram of a location refinement 
application in accordance with aspects of the present inven 
tion. 
0021 FIG. 6 illustrates additional operation of a geoloca 
tion module in accordance with aspects of the present inven 
tion. 

DETAILED DESCRIPTION 

0022. The aspects, features and advantages of the present 
invention will be appreciated when considered with reference 
to the following description of preferred embodiments and 
accompanying figures. The same reference numbers in dif 
ferent drawings may identify the same or similar elements. 
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Furthermore, the following description does not limit the 
present invention; rather, the scope of the invention is defined 
by the appended claims and equivalents. 
0023. In accordance with aspects of the present invention, 
location information is coupled/linked to a precise Street 
address or other specific location. As will be explained in 
more detail below, geographical information may be 
extracted from a number of sources associated with a user. 
These include the user's web browser's history, search his 
tory, address book, etc. Such information may be used in a 
number of ways to enhance location accuracy. 
0024 Systems and methods are used to create a time sen 
sitive heat map of physical locations of interest to a given user. 
In one embodiment, physical locations are used to more accu 
rately estimate the user's location. For instance, a coarse cell 
tower triangulation is refined in view of the user's home 
address. In another embodiment, user-associated geographic 
information is employed to provide enhanced detail during a 
reverse geocoding process. 
0025 Turning to FIG. 1, this illustration presents a sche 
matic diagram of a computer system depicting various com 
puting devices that can be used alone or in a networked 
configuration in accordance with aspects of the present inven 
tion. For example, this figure illustrates a computer network 
100 having a plurality of computers 102,104,106 and 108 as 
well as other types of devices such as portable electronic 
devices such as a mobile phone 110 and a PDA 112. Various 
elements in the computer network 100 may be interconnected 
via a local or direct connection 114 and/or may be coupled via 
a communications network 116 Such as a local area network 
(“LAN”) such as a WiFi network, a wide area network 
(“WAN), the Internet, etc. and which may be wired or wire 
less. 
0026. Each computer apparatus can include, for example, 
one or more computing devices having user inputs such as a 
keyboard 118 and mouse 120 and/or various other types of 
input devices such as pen-inputs, joysticks, buttons, touch 
screens, etc., as well as a display 122, which could include, for 
instance, a CRT, LCD, plasma screen monitor, TV, projector, 
etc. Each computer 102,104,106 and 108 may be a personal 
computer, server, etc. By way of example only, computers 
102 and 106 may be personal computers while computer 104 
may be a server and computer 108 may be a laptop/palmtop. 
As shown in FIG. 1B each computer such as computers 102 
and 104 contains a processor 124, memory 126 and other 
components typically present in a computer. 
0027 Memory 126 stores information accessible by pro 
cessor 124, including instructions 128 that may be executed 
by the processor 124 and data 130 that may be retrieved, 
manipulated or stored by the processor. The memory may be 
of any type capable of storing information accessible by the 
processor, such as a hard-drive, ROM, RAM, CD-ROM, flash 
memories, write-capable or read-only memories. The proces 
Sor 324 may comprise any number of well known processors, 
Such as processors from Intel Corporation. Alternatively, the 
processor may be a dedicated controller for executing opera 
tions, such as an ASIC. 
0028. The instructions 128 may comprise any set of 
instructions to be executed directly (Such as machine code) or 
indirectly (such as scripts) by the processor. In that regard, the 
terms “instructions.” “steps” and “programs' may be used 
interchangeably herein. The instructions may be stored in any 
computer language or format, Such as in object code or mod 
ules of source code. The functions, methods and routines of 
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instructions in accordance with the present invention are 
explained in more detail below. 
0029 Data 130 may be retrieved, stored or modified by 
processor 124 in accordance with the instructions 128. The 
data may be stored as a collection of data. For instance, 
although the invention is not limited by any particular data 
structure, the data may be stored in computer registers, in a 
relational database as a table having a plurality of different 
fields and records, XML documents, or flat files. Map-type 
image data may be stored inflat files such as keyhole flat files 
(“KFF). 
0030 The data may also be formatted in any computer 
readable format such as, but not limited to, binary values, 
ASCII etc. Similarly, the data may include images stored in a 
variety of formats such as vector-based images or bitmap 
images using lossless (e.g., BMP) or lossy (e.g., JPEG) 
encoding. Moreover, the data may include any information 
sufficient to identify the relevant information, such as 
descriptive text, proprietary codes, pointers, references to 
data stored in other memories (including other network loca 
tions) or information which is used by a function to calculate 
the relevant data. 

0031. Although the processor 124 and memory 126 are 
functionally illustrated in FIG. 1B as being within the same 
block, it will be understood that the processor and memory 
may actually comprise multiple processors and memories 
that may or may not be stored within the same physical 
housing or location. For example, some or all of the instruc 
tions and data may be stored on a removable CD-ROM or 
DVD. 

0032. Alternatively, such information may be stored 
within a read-only computer chip. Some or all of the instruc 
tions and data may be stored in a location physically remote 
from, yet still accessible by, the processor. Similarly, the 
processor may actually comprise a collection of processors 
which may or may not operate in parallel. Data may be 
distributed and stored across multiple memories 126 such as 
hard drives, server farms or the like. 
0033. In one aspect, server 104 communicates with one or 
more client computers 102,106 and/or 108, as well as devices 
such as mobile phone 110 and PDA 112. Each client com 
puter or other client device may be configured similarly to the 
server 104, with a processor, memory and instructions, as 
well as one or more user input devices 118, 120 and a user 
output device, such as display 122. Each client computer may 
be a general purpose computer, intended for use by a person, 
having all the components normally found in a personal com 
puter Such as a central processing unit (“CPU”), display, 
CD-ROM or DVD drive, hard-drive, mouse, keyboard, touch 
sensitive screen, speakers, microphone, modem and/or router 
(telephone, cable or otherwise) and all of the components 
used for connecting these elements to one another. 
0034. The server 104 and client computers and other 
devices are capable of direct and indirect communication 
with other computers, such as over network 116. Although 
only a few computing devices are depicted in FIGS. 1A and 
1B, it should be appreciated that a typical system can include 
a large number of connected servers and clients, with each 
different computer being at a different node of the network. 
The network 116, and intervening nodes, may comprise vari 
ous configurations and protocols including the Internet, intra 
nets, virtual private networks, wide area networks, local net 
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works, private networks using communication protocols 
proprietary to one or more companies, Ethernet, WiFi, Blue 
tooth and HTTP. 
0035 Communication across the network, including any 
intervening nodes, may be facilitated by any device capable 
of transmitting data to and from other computers, such as 
modems (e.g., dial-up or cable), network interfaces and wire 
less interfaces. Server 104 may be a web server. Although 
certain advantages are obtained when information is trans 
mitted or received as noted above, other aspects of the inven 
tion are not limited to any particular manner of transmission 
of information. For example, in some aspects, the information 
may be sent via a medium such as a disk, tape, CD-ROM, 
DVD, or directly between two computer systems via a dial-up 
modem. In other aspects, the information may be transmitted 
in a non-electronic format and manually entered into the 
system. 
0036 Moreover, computers and client devices in accor 
dance with the systems and methods described herein may 
comprise any device capable of processing instructions and 
transmitting data to and from humans and other computers, 
including network computers lacking local storage capabil 
ity, PDAs with modems such as PDA 112 and Internet-ca 
pable wireless phones such as mobile phone 110. 
0037. As shown in FIG. 1A, the network 100 also includes 
a database 132. The database 132 may be directly or indirectly 
coupled to server 104. In an alternative, the database 132 may 
be part of or otherwise logically associated with the server 
104. The database 132 may include different sets or types of 
data. By way of example only, the database 132 may maintain 
location and/or map-related data, which may be stored in one 
or more KFFs. The database 132 may store data 130 in one or 
more KFFs. Assets and other information, including satellite 
data, aerial photographs, digital maps, elevation data, GPS 
coordinates, etc. may be obtained from one or more sources 
(not shown). The database 132 may alternatively maintain 
information concerning one or more users/customers, as will 
be explained in detail below. 
0038. User devices such as laptop/palmtop 108, PDA 112 
and mobile phone 110 may also include or store information 
in a database 134. Such information may include, for 
instance, a web browsing history, a website searching history, 
map data, the user's address book, e-mail archives and/or 
calendar entries. Given the sensitive nature of this informa 
tion, the database 134 should securely store the data to pre 
vent unauthorized access. Thus, the data may be encrypted for 
storage. In one example, the database 134 is maintained on 
network 100 separate from the user devices. In another 
example, the database 134 may be locally stored on one or 
more of the user devices, for example in memory 126thereof. 
In a further example, the database 134 comprises multiple 
databases as shown in FIG. 2. 

0039. The database 134 may be part of the user device's 
architecture 200, which includes a processor module 202, a 
user interface/display module 204, a communication module 
206, a power module 208 and a memory module 210. The 
processor module 202 may include a processor Such as pro 
cessor 124 or a controller and its attendant circuitry (e.g., 
local memory, floating point and/or integer processing ele 
ments, DMA unit). The user interface/display module 204 
includes user inputs and outputs such as inputs 118 and 120 
and display 122 of FIGS. 1A and 1B. The communication 
module 206 contains a protocol stack and attendant circuitry 
for communicating across a network Such as network 116 or 
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for direct device to device communication. The power mod 
ule 208 provides power to the various modules of the archi 
tecture 200, and may include a rechargeable battery and/or 
power cable. 
0040. The memory module 210 desirably includes the 
database 134. In one example, the memory module 210 com 
prises a plurality of sub-databases focusing on different appli 
cations and/or user attributes. For instance, as shown in FIG. 
2, the memory module 210 may include a web browsing 
history database 212, a search history database 214, a maps 
history database 216, an address book database 218, an e-mail 
archive database 220, and a calendar entries database 222. 
Other information, Such as credit card transaction informa 
tion, may be stored in other sub-databases. 
0041. The information stored in each of these sub-data 
bases may be associated with specific programs or types of 
applications, or with the user's overall operation of the 
device. For instance, the web browsing history and search 
history databases may be associated with one or more web 
browsers such as the Internet Explorer, Safari, Firefox or 
Chrome web browsers. The maps history database may also 
be associated with the web browsers or other applications 
such as Google Earth. The address book and e-mail archive 
databases may be linked to the user's messaging application, 
such as Google's Gmail or Microsoft Outlook. The calendar 
entries database may similarly be linked to the messaging 
application or other application Such as Google Calendar. 
While a number of different sub-databases have been identi 
fied above, other sub-databases which may contain location 
related information may also be employed, such as the data 
base associated with Google Latitude, a tool which lets users 
share their current location with friends. 
0042. In one scenario, location-related information may 
be mined/extracted from the Sub-databases on a regular basis 
or in response to a request. FIG. 3 illustrates one such sce 
nario. In particular, FIG. 3 provides a flow diagram of an 
opt-in location augmentation application 300. Initially, at 
block 302, a user signs up for location augmentation. This 
may include the user providing authorization to use one or 
more of the sub-databases in memory module 210 of his/her 
user device. According to one example, the user may select 
specific Sub-databases to which the application is granted 
access. For instance, the user may grant access to the address 
book database 218 but not to the e-mail archives database 
220. 

0043. As shown in block 304, upon authorization a user 
profile is added to a user database, such as database 132 of 
FIG. 1A. The user database may include an index where each 
extracted location signal may be associated with a set of 
information including some or all of geographical tags or 
“geotags' (which could be items such as “my home” or a 
search term such as "coffee shop’), temporal information 
(e.g., time an event occurred, optional time that certain infor 
mation may expire, and/or a degradation factor), and a score 
to Suggest the confidence in that location. For example, a 
latitude/longitude location may have a higher confidence than 
a location that is extracted from an email message. In a spatial 
index, a single location may have aggregate information from 
multiple databases. In this case, the system may compute an 
aggregate confidence and score for that location. 
0044) Then, per block 306, a geolocation module builds a 
spatial index which may provide location corrections and 
reverse geocoding. With regard to the former application, the 
geolocation module may gain access to the various Sub-data 
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bases previously authorized by the user and use certain infor 
mation to create one or more "heat maps of specific physical 
locations at different times for a given user, as shown in block 
308. And as shown in block 310, the heat maps may be 
presented on the user device's display. 
0045 FIG. 4 illustrates an example of how the geolocation 
module may perform a location correction process or aug 
mentation. The module may include an application operating 
on server 104 of FIG. 1A. Or, alternatively, the geolocation 
module may be part of the user device architecture 200. The 
geolocation module may operate locally, on the server-side, 
or as a distributed module both locally and on the server. A 
server-only implementation may be more efficient and accu 
rate because it would be able to use the entire corpus of data 
available in the databases 132 and 134. As shown in FIG. 1, a 
geolocation module 136 may be associated with or otherwise 
incorporated into the server 104. Alternatively, a local imple 
mentation may involve prefetching of data which is most 
applicable to the user's current location and applying the 
same inference algorithm locally. FIG. 2 illustrates a geolo 
cation module 224 as part of the user device's architecture 
2OO. 

0046. A cache could be incorporated on the user's device 
which mirrors the most relevant server-side profile. In this 
case, there would be little difference between the server-side 
and local implementations, just the amount of input data 
available. For a local implementation, a secure central server 
gateway may be employed to fetch the data from relevant 
sub-databases, and transfer the data to the client. In other 
words, the client device would not need to directly make fetch 
requests to different server-side databases. 
0047. The geolocation module includes a protected data 
fetcher 400 that is configured to communicate with the sub 
databases. The protected data fetcher 400 extracts a result set 
402 from the sub-databases. It may require authentication of 
the user or authorization by the sub-databases. In one 
example, the protected data fetcher 400 searches for any 
geographical information associated with the Sub-databases. 
For instance, it may search web pages and search histories for 
geographical data. 
0048. Each result may correspond to a given physical loca 
tion, person, activity and/or time. Thus, in one example min 
ing of the web browsing history database 212 may result in a 
location (“City Hall, New York’) and a time (t1). Mining of 
the search history database 214 may also result in a location 
(“Lorie's Cafe') and a time (t2). And mining of the maps 
history database 216 may result in a location (“79 Ninth Ave 
100 ul’) and a time (t3). Examination of the address book 
database 218 may result in a name (“Michael Bloomberg”), 
while examination of the e-mail archives database 220 may 
result in an activity (“Movie ticket receipts”) and a time (t5). 
And examination of the calendar entries database 222 may 
result in an activity (“Work lunch with Mike') and a time (tó). 
0049. As shown in block 404, the geolocation module 
performs a geopoint extraction process on the result set 402. 
creating a geocoded result set 404. In one example, the geo 
coded result set 404 contains references to specific physical 
locations in latitude/longitude format. A forward geocoder 
may be used to convert an address into the latitude/longitude 
format. As discussed above with regard to block 306, a spatial 
index is constructed which contains the latitudes and longi 
tudes. The spatial index may contain a properly formatted 
version of a physical address. Such as a street address, corre 
sponding to the latitude and longitude. The spatial index may 
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also include time information, Such as the time a web page 
was accessed or a search query was performed. Similar tim 
ing information may be collected for the other Sub-databases, 
In another example, any information in the Sub-databases 
which corresponds to geographical information, such as loca 
tions of known friends that a user travels with or is scheduled 
to meet, may be processed by the geolocation module. 
0050. The spatial index may include image tiles and asso 
ciated data which are stored in a “quadtree' structure. The 
nodes of a quadtree data structure are referred to herein as 
“quadnodes. A quadnode plus one or more levels of descen 
dents are referred to herein a “quadset. Data pertaining to 
quadtrees, quadnodes and quadsets may be stored in a data 
base Such as a KFF database, which may be maintained as 
database 132 of FIG. 1A. 

0051. The KFF or other database containing the spatial 
index is used to generate heat maps of particular physical 
locations as shown in FIG. 4. In particular, one or more heat 
maps of a region of interest are created using the geocoded 
result set 404. This may be done in conjunction with other 
data from result set 402. Such as names of people, actions or 
events, and times. As shown, three heat maps 406a, 406b and 
406c are generated for different times (e.g., times t1, t2 and 
t3). Some or all of these heat maps may be presented on the 
display of the user device according to input from the user, 
such as via the user interface/display module 204 of FIG.3. In 
this example, the different pushpins (e.g., A-J) may represent 
a ranked list of points of interest for each heat map. Thus, as 
the time changes, the points of interest may change, and also 
different points of interest may be more or less relevant at 
different times. Thus, as shown, the pushpins A-J change 
across the various heat maps. 
0052 FIG.5 illustrates another embodiment of the present 
invention. In particular, FIG. 5 presents a flow diagram 500 
for refining a position location estimate. In one example, a 
user requests directions between two locations from a map 
ping application, such as Google Maps, as shown in block 
502. In this case, the user may not know his/her specific 
position, and the request is for directions from a current 
location. 

0053 As shown in block 504, an estimate of the current 
location is then determined, and may be presented to the user 
on the device's display. The current location of the user may 
be estimated through a number of techniques. Depending on 
the particular type of user device and network, GPS, cell 
tower triangulation, WiFi triangulation, IP geocoding or other 
techniques may be employed. The current location may also 
be inferred from historical information as well. For example, 
if the user is known to be a certain location at time X every 
day, then there is a strong chance they'd be in the same 
location on a given day in the future. This may be determined 
by calendar or address book entries, e-mail archives, GPS 
results from prior usage of the user's device, or from other 
information. 

0054 The initial estimate may include a position in lati 
tude/longitude coordinates, and may also include an estimate 
of accuracy. The accuracy may depend on a number of fac 
tors. For instance, if the user's device is a GPS enabled mobile 
phone, the accuracy of the GPS position is affected by the 
number of GPS satellites observed by the mobile phone. In 
the case of a WiFi network or cellular system, triangulation or 
other location technique may depend on terrain conditions 
(e.g., hilly or lots of nearby buildings), signal strength, 
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weather conditions and time of year. The accuracy may be 
determined by the user's device itself, by the network, or both. 
0055. Next, as shown in block 506, the estimated latitude 
and longitude are looked up in or otherwise compared to a 
heat map associated with the user. There may be multiple heat 
maps which have been generated for or otherwise associated 
with the user. Such heat maps may be for various places and 
times in the past, present and future. The geolocation module 
desirably uses aheat map for the current time when perform 
ing the lookup. Based upon the lookup, the geolocation mod 
ule determines a set of relevant matching address(es) for the 
selected heat map, as shown in block 508. This may include 
one or more addresses. 
0056. The matching addresses may include frequency and 
timeliness scores or rankings. Frequency is determined by 
how often the same location appears in the same databases or 
across different databases. Timeliness is the frequency of 
occurrence at a particular time. So location X may appear at 
time t1 (e.g., Monday at 1 pm) more often that location Y, and 
location Y may occur more often at time t2 (eg. Monday at 11 
pm). In this case, based on the current time of the user, either 
location X or Y may be used. 
0057 Scores may be determined by simply adding up the 
frequencies, or using a metric that assigns a weighted score 
based on the confidence of the Sub-database. Thus, a maps 
search may be weighted higher than e-mail. A current loca 
tion from latitude/longitude may be assigned the highest 
score because the user has been known to be physically 
present at that location. Another score signal would be how 
recent the data is. Here, if the data is too old (“stale'), it may 
receive a lower score or weighting, thereby introducing a 
degradation factor for time. 
0058 Next, as shown in block 510, it is determined 
whether a more likely location than the initial estimate is 
available. If there is a more likely location, a refined position 
(“best feature') is determined, as shown in block 512. In one 
example, the geolocation module analyzes all entries in a 
spatial index associated with the selected heat map that are 
within a certain distance of the initial latitude and longitude. 
This distance may be based on the initial accuracy or the 
density of the spatial index. From this, the geolocation mod 
ule determines whether an entry in the spatial index is suffi 
ciently close (e.g., a latitude/longitude pair within X meters of 
the initial estimate), sufficiently frequent and/or sufficiently 
recent (e.g., within y days from the date of the request). 
Preferably, the selection process is optimized for quality. If no 
Suitable entries are found in the spatial index, the original 
location estimate is returned, as shown in block 514. Next, as 
shown in block 516, routing directions are generated based on 
the refined or original location and are provided to the user. 
0059. This process is shown graphically in FIG. 6. Here, 
block 600 includes the user request to get directions from 
“Current Location' to Mountain View, Calif. As shown in 
block 602, an estimate of the user's current position is deter 
mined. A latitude/longitude estimate may be presented on the 
user device's display. The accuracy of the estimate may be 
illustrated by the circular region as shown. 
0060 Also shown in this block, the geolocation module 
looks up the latitude/longitude estimate in a heat map for the 
current time. The geolocation module returns the matching 
address(es) or returns a “no confidence' result as discussed 
above. If multiple matching addresses are provided, the 
geolocation module determines the best feature, i.e., the fea 
ture most likely to correspond with the user's present loca 
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tion. Then, as shown in block 604, routing directions are 
provided to the user based on the best feature. If no feature is 
returned, then block 606 shows that routing directions are 
provided to the user based on the original location estimate. 
0061. If the system is unable to narrow down the results to 
a single place, a list of the highest confidence results may be 
provided to the user so that the user may select between them 
instead of relying on the original location estimate. Also, 
apart from the example of providing enhanced driving direc 
tions to the user, other usage scenarios include seeking a more 
accurate location when searching around the user's location 
for businesses, people etc., for more accurately broadcasting 
the user's location to his/her friends, and for accurately geoc 
oding any photographs a user has taken with his/her cellular 
phone. 
0062 Although the invention herein has been described 
with reference to particular embodiments, it is to be under 
stood that these embodiments are merely illustrative of the 
principles and applications of the present invention. It is 
therefore to be understood that numerous modifications may 
be made to the illustrative embodiments and that other 
arrangements may be devised without departing from the 
spirit and scope of the present invention as defined by the 
appended claims. Furthermore, while particular processes are 
shown in a specific order in the appended drawings, such 
processes are not limited to any particular order unless Such 
order is expressly set forth herein. 

1. A method for refining physical location information for 
a place of interest, comprising: 

analyzing at least one electronic database containing infor 
mation about a selected user to determine whether theat 
least one electronic database includes geographical 
information; 

extracting a result set from the at least one electronic data 
base, the result set including the geographical informa 
tion; 

performing geopoint extraction on the result set to obtain 
specific physical locations for each item of geographical 
information in the result set; 

constructing a spatial index containing the specific physi 
cal locations and time information for one or more of the 
specific physical locations; and 

creating at least one heat map containing selected ones of 
the specific physical locations based upon the time infor 
mation. 

2. The method of claim 1, further comprising ranking 
results in the spatial index to indicate a confidence in the 
specific physical locations. 

3. The method of claim 2, wherein the confidence is deter 
mined by accuracy of the geopoint extraction. 

4. The method of claim 2, wherein the time information 
indicates at least one of a time an event occurred and a time 
that selected information about the event expired. 

5. The method of claim 4, wherein different heat maps 
display different ones of the selected specific physical loca 
tions based upon the ranked results in the spatial index and the 
method further comprises presenting at least one of the heat 
maps on a display device. 

6. A processing system for processing geographical infor 
mation, comprising: 

at least one processor; 
a geolocation module associated with the at least one pro 

cessor, and 
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memory for storing data, the memory electrically coupled 
to the at least one processor, 

wherein the geolocation module is configured to analyze at 
least one electronic database containing information 
about a selected user to determine whether the at least 
one electronic database includes geographical informa 
tion, to extract a result set from the at least one electronic 
database, the result set including the geographical infor 
mation, to perform geopoint extraction on the result set 
to obtain specific physical locations for each item of 
geographical information in the result set, to construct a 
spatial index containing the specific physical locations 
and time information for one or more of the specific 
physical locations, to store the spatial index in the 
memory of the processing system, and to create at least 
one heat map containing selected ones of the specific 
physical locations based upon the time information. 

7. The processing system of claim 6, wherein the geoloca 
tion module is further configured to transmit the at least one 
heat map to an authorized user for presentation on a display of 
a user device. 

8. The processing system of claim 6, wherein the geoloca 
tion module includes a protected data fetcher for communi 
cating with the at least one electronic database, the protected 
data fetcher being configured to search the at least one elec 
tronic database for geographical data contained in web pages 
and search histories. 

9. The processing system of claim 6, wherein the specific 
physical locations maintained in the spatial index correspond 
to latitude and longitude coordinates of physical addresses. 

10. The processing system of claim 6, wherein each heat 
map presents the selected ones of the specific physical loca 
tions displays as ranked points of interest based upon the time 
information. 

11. A method for refining a location estimate of a user's 
physical location, comprising: 

estimating a current location of the user; 
comparing the estimated current location with one or more 

heat maps identifying specific physical locations in a 
predetermined geographical area, the one or more heat 
maps containing time information associated with one 
or more of the specific physical locations associated 
with the user, each heat map being derived from at least 
one electronic database containing information about 
the user; 

determining a set of relevant matching addresses from a 
Selected one of the heat maps; 

analyzing the set of relevant matching addresses of the 
selected heat map that are within a preset distance of the 
estimated current location; 

determining whether a given one of the relevant matching 
addresses provides a more accurate location than the 
estimated current location; and 

if the given one of the relevant matching addresses pro 
vides a more accurate location than the estimated current 
location, selecting the given address as a refined position 
of the user. 

12. The method of claim 11, wherein the user's current 
location is estimated from historical user information stored 
in the at least one electronic database. 

13. The method of claim 11, wherein at least one of the 
relevant matching addresses is selected based upon a fre 
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quency ranking representing how often the at least one rel 
evant matching address appears in the at least one electronic 
database. 

14. The method of claim 11, wherein at least one of the 
relevant matching addresses is selected based upon a timeli 
ness ranking representing how often the at least one relevant 
matching address appears in the at least one electronic data 
base at a given point in time. 

15. A location estimation system, comprising: 
a processor; 
a geolocation module associated with the at least one pro 

cessor for executing operations; and 
memory for storing data, the memory electrically coupled 

to the processor; 
wherein the geolocation module is configured to estimate a 

current location of the user; compare the estimated cur 
rent location with one or more heat maps identifying 
specific physical locations in a predetermined geo 
graphical area, the one or more heat maps containing 
time information associated with one or more of the 
specific physical locations associated with the user, each 
heat map being derived from at least one electronic 
database containing information about the user, deter 
mine a set of relevant matching addresses from a 
selected one of the heat maps; analyze the set of relevant 
matching addresses of the selected heat map that are 
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within a preset distance of the estimated current loca 
tion; determine whether a given one of the relevant 
matching addresses provides a more accurate location 
than the estimated current location; and if the given one 
of the relevant matching addresses provides a more 
accurate location than the estimated current location, 
Select the given address as a refined position of the user. 

16. The location estimation system of claim 15, wherein 
the processor is configured to prefetch data associated with 
the user's estimated current location from a remote database 
and to store the prefetched data in the memory. 

17. The location estimation system of claim 16, wherein 
the processor is operable to present the refined position in the 
selected heat map on a display device. 

18. The location estimation system of claim 15, wherein at 
least one of the relevant matching addresses is selected based 
upon a frequency ranking representing how often the at least 
one relevant matching address appears in the at least one 
electronic database. 

19. The location estimation system of claim 15, wherein at 
least one of the relevant matching addresses is selected based 
upon a timeliness ranking representing how often the at least 
one relevant matching address appears in the at least one 
electronic database at a given point in time. 
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