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MOBILE DEVICE LOCATOR SYSTEM
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Chithambaram, et. al,, attorney’s docket number 30566.111USU1;

[0011] United States Patent Application Setial No. 09/629,117, entitled “METHOD
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attotney’s docket number 30566.124-WO-I1.

[0013] United States Patent Application Setial No. 09/411,506, entitled “VECTOR-
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BACKGROUND OF THE INVENTION

1. Field of the Invention.
[0014] The present invention telates generally to location based services, and in
patticular, to a method, appatatus, and article of manufacture for detecting and refining

the location of a mobile device.
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2. Description of the Related Att.
[0015] Detecting the location of a mobile device (e.g., 2 cellular phone, a personal
digital assistant [PDA], etc.) is fundamental to providing location based setvices (LBS).
Location based services ate applications/services that utilize ot are based on the location
of a device/mobile device (e.g., a cellulat phone, a personal digital assistant [PDA], etc.).
For example, detecting that a device is located on a patticular street (e.g., McInnis
Patkway) allows an LBS application to provide a neatby theatre (e.g., Notthgate Mall
Cinema) when a uset requests the closest entertainment option. Additional examples of
LBS applications include traffic updates, location sensitive billing, fleet management, and
asset and people tracking.
[0016] However, different protocols may be used by different cellular phone carriers to
provide location information. Accotdingly, in the ptior att, LBS applications must be
individually configured for each cellular phone catrier to provide location information.
Such configuration customization is time consuming, subject to continuous and multiple
modifications/updates, and burdensome for LBS providers.
[0017] Further, it is desirable to customize LBS applications for individual users based
on information known about the users. However, such information is often not locally
available and is difficult or impossible to access. Accordingly, what is needed is the
ability to access and utilize a user’s personal information.
[0018] Additionally, the device location cutrently provided by ptior art wireless cattiets
is coarse (e.g., with precision ranging in 100s of meters or even 1000 metets or mote).
LBS setvices therefore need to tefine this location to make the setvices valuable.
[0019] These problems may be better understood by describing prior art location

detection and the use of personal information.

Location Detection Prior Art

[0020] As desctibed above, 2 wide variety of methods/protocols ate used by mobile
device carriers to detetmine and provide a device’s location to an LBS application. For
example, different methods may be used to identify the device. Further, diffetent

protocols may be used to communicate with the catrier’s mobile positioning setver
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(MPS). Different formats for request/response exchange with the mobile positioning
setver may also be used. Additionally, there may be different levels of robustness, error
handling, and network infrastructure stability.

[0021] Thete is often diffeting levels of precision/accuracy in the location provided by
the MPS. For example, most location technology is cell sector based (i.e., a location is
metely identified as being within a particular cell sector). Accordingly, the approximate
location provided by the MPS could be 150 meters to several 100 meters, or even 1000
meters ot more from the actual location of the device. Thus, most MPS setvices only
provide a geographic region that a mobile device is within that is highly inaccurate.
[0022] The use of such varying methodologies are problematic for LBS providets. The
focus of most LBS providers is in the application/business logic that utilizes the location
of the device.” However, for an application to be utilized in a variety of environments
and platforms, substantial time and programming is necessary to customize the
application for each cellular provider.

[0023] Further, the imprecision of the location affects the value of an LBS application
to a user. For example, more popular LBS applications such as business/entertainment
finders, friend findets, and/ ot routing could be significantly more valuable to the user, if
the apptroximate cuttent location is mote accurate. Accordingly, what is needed is the
capability to refine an approximate location to a location that better represents the uset’s
true location or to a prominent landmark in the vicinity of the user that the user can
readily identify.

[0024] FIG. 1 illustrates an approximate location and an etror polygon representing
imprecision in the location. A device’s approximate location is indicated as circle 100.
An etror polygon 102 represents the imprecision in the location. The problem in the
ptior art is to produce a refined location 104 that likely tepresents the user’s true
position. In addition, refinement is expected to produce a location 104 that is in the
vicinity of the uset’s cutrent location and is prominent enough to be readily identified by
the user. Further, in the best case, this refined location 104 equates to the uset’s true

current position.
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User Customization Prior Art

[0025] LBS applications may be customized for individual usets using personal
information about the user (L., the user’s profile information). For example, the user’s
profile information may include the uset’s name, home/office address, and even
preferences related to choice of cuisine, travel prefetences, etc. By transmitting this
information to a wireless device (e.g., cellular phone), 2 LBS application may be highly
customized to suit a user’s preferences. This personalized data is currently available from
telephone operators, wireless carrier databases, etc. and is often reloaded into a LBS
database. For example, to utilize profile information maintained by a mobile phone
cattier, the entire database may be transferred and stored locally.

[0026] Such reloading of petsonalized information results in increased cost (i.e., time,
effort, and dollars), and synchronization problems (i.e. overa petiod of time, a difference
may develop between the source and the data duplicated in the LBS database). Further,
the data may come in different formats, different schemas, from databases from different
vendors, from files from different opetating systems, and custom data is not LBS-awate
(ie., does not have a location element). Additionally, the mobile phone cattier may not

allow the transfer of the database.

SUMMARY OF THE INVENTION

[0027] One ot motre embodiments of the invention provide a method, system,
appatatus, and article of manufacture for determining the location of a device using 2
variety of mobile device catriets and/or fuzzy logic, and for customizing location based
services for a patticular user based on a proﬁle/ petsonal information fot the uset.

[0028] A device locator (also referred to as a device locator adaptet) provides a
common uniform application programming interface (API) for a user. The API isolates
and allows application developers to ignore specifics of a mobile device catrier when
locating a device. The device locator interacts with the specifics of a catrier’s positioning
server and the different methods of identifying the device as required by the cattier (e.g,,
cell phone numbet, 2 mobile subscriber international subsctiber directory number

[MSISDN] encoded in a “cookie” in a witeless application request, IP address encoded in



WO 03/058928 PCT/US02/41611

10

15

20

25

the request headet, ot a pre-stoted default in a user profile database). Further, the device
locator deals with diffetence in protocols of the cartier (e.g., HT'TP, HTTPS, etc.). The
device locator provides tobustness by dealing with network instabilities within a cartier’s
infrastructure.

[0029] Location based setvices could be of significantly increased value to a user if the
application and content wete automatically tailored to match a user’s cusrent activity
profile. For example, a leisute visitor would like to have easy access to the “tourist
landmarks” whereas 2 commuter might be intetested in reviewing train and bus stations
and alternative toutes to quickly get to the destination.

[0030] Accordingly, once a device’s approximate location is determined through the
API, the approximate location may be tefined by a mobile positioning server by applying
one or more heuristics. Fot example, the approximate location may be snapped to the
closest point on a street netwotk ot snapped to a landmark or “point of interest” in the
vicinity. Alternatively, the tefinement may look for locations in the vicinity of the
approximate location, that the mobile device user has recently visited (e.g., by studying
the “history” in a user’s profile). Furthet, the approximate location may be refined by
examining “favotite” locations bookmarked by the mobile device uset, and determining
if any “favorite” locations are in the vicinity of the approximate device location.

[0031] Additionally, to utilize new cattiets ot to modify existing carriers in the system,
a new adaptet is metely added. The API remains the same from the application
developer’s view and a new vetsion of the entite system does not need to be deployed.
Thus, new adaptets may be dynamically deployed and used in the invention.

[0032] Further, intelligent reasoning of the user’s current location, and activity profile
(ot intent) helps to filter out unnecessary content, improving the wireless access cost,
time, and petformance. One or more embodiments of the invention utilize a branch of
artificial intelligence referred to as fuzzy logic reasoning to make intelligent guesstimates
about the user’s cuttent location, and also inferring the intent of the user’s cutrent
activity profile (e.g., is the uset a business visitor, close to a place of wotk, or 2 commutet

in the proximity of a train station?).
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[0033] The model described hetein provides formal constructs for capturing vague,
imprecise, overlapping, conflicting inputs. Fot example, the model may deal with the
fact that the question “does the current user activity match a leisure visitor profile?” can
yield the answer “likely yes” or “uncertain” verses a pure “yes/no” answer. Similarly, the
model can account for the fact that the cuttent activity may match both a business visitor
profile and a leisure visitor profile.

[0034] Inputs may include spatial, temporal (time related), spatio-temporal (velocity
vector) and activity profile indicators. The model provides membership functions that
translate natural language descriptors (i.e., the inputs) that detetmine the magnitude of
patticipation of the input (e.g., pethaps = 0.4, likely = 0.6, vety likely = 0.8).

[0035] Further, the model can represent the current undetstanding of the problem in
the form of an intuitive, human-language, rule base that relates the input to output. For
example, a rule may be in the form “if X and Y, then Z” (e.g., if it is cloudy and overcast,
then it might rain). The rule base containing all of the rules can be easily configured to
reflect regional, social, or demogtaphic trends (e.g., account for the shutdown of |
establishments during siesta petiod in Central Ametica).

[0036] An inference engine processes the rules by applying them to the inputs based
on the membership function evaluations and provides a definite answer as a refined
location. This answer can be single refined location or a list of candidates as requested
by the application.

[0037] As a result, a uset’s current location may be reasoned, infetred, and classified
into one of several “activity profiles”. This in tutn, enables an application to enhance the
value of the vast amount of profile information accumulated by the wireless cartriers and
improves the value of the setvice offeted to the consumer, by personalizing both the
applications and the content delivered to the witeless device.

[0038] Once the location has been refined, location based setvices may be
customizable based on the profile/personal information of a user. To customize
location based services in the ptiot att, databases maintained by carriers were often
copied locally and frequently reloaded to ensure that the data remained accurate. In one

or mote embodiments of the invention, a foreign/external database may be accessed by
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an application while the full recotds remain in the database and are not copied locally.
[0039] Embodiments design and implement a compact LBS bridge to external profile
databases. The LBS bridge comptises a compact definition of the schema of the external
database (including the name of the attributes, the types, and the constraints). The LBS
bridge also comptises data soutce information (e.g., how to connect and communicate
with the external database) and an SQL statement that will extract the properties from
the data soutce cottesponding to the schema definition. Records in the external data
source are identified by stoting the foreign keys for each record in a table within an LBS
database. In addition, positional information from the external record is
extracted/obtained and stored in the table as a geocoding index (thus making the
external database LBS enabled). The collection of the setvices are then made available in
the form of an external application programming interface for system integrators.

[0040] As a result of the LBS bridge, location based services can extend to the large
amount of profile information accumulated by wireless carriers, phone companies, etc.
which in turn makes theit setvices mote personalized and valuable to the end user. Thus,
embodiments of the invention location enable uset profile information in external
databases, portals, etc. and allow the seamless provision of location services using both

internal and extetnal profile information.

BRIEF DESCRIPTION OF THE DRAWINGS
[0041] Referring now to the drawings in which like reference numbers represent
cotresponding patts throughout:
[0042] FIG. 1 illustrates an approximate location and an error polygon representing
imprecision in the location;
[0043] FIG. 2 schematically illustrates a hardware and software environment utilized in
accordance with one or more embodiments of the invention;
[0044] FIG. 3 illustrates a simple representation of an architectute that supports a
device locator in accordance with one or more embodiments of the invention;
[0045] FIG. 4 illustrates location data modeled as an atc in accordance with one or

more embodiments of the invention;
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[0046] FIG. 5 is a flow chart that illustrates the use of an application programming
intetface in a mobile device locator adapter system in accordance with one or mote
embodiments of the invention;
[0047] FIG. 6 illusttates a refined location as the fuzzy centroid of weighted inputs in
5  accordance with one or more embodiments of the invention;

[0048] FIG. 7 outlines the fuzzy logic reasoning process in accordance with one ot
mote embodiments of the invention;
[0049] FIG. 8 is a flow chart illustrating the use of fuzzy logic reasoning to refine a
device location in accordance with one or more embodiments of the invention;

10  [0050] FIG. 9 illustrates the sttucture of a schema for an external database in
accordance with one or more embodiments of the invention;
[0051] FIG. 10 illustrates a uset profile manager in accordance with one or more
embodiments of the invention; and
[0052] FIG. 11 is a flow chatt illustrating the use of a location based setvices bridge to

15  external data soutces in accordance with one or more embodiments of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0053] In the following desctiption, teference is made to the accompanying drawings
which form a patt heteof, and in which is shown, by way of illustration, several
20  embodiments of the ptesent invention. It is understood that other embodiments may be
utilized and structural changes may be made without departing from the scope of the

present invention.

Ovetview

25 [0054] An API allows location based service applications to determine the location of
a device regatdless of the mobile device catrier. Specifics of the carrier’s positioning
servet, mobile device identification method, and protocol are handled internally by the
methods of the API. Accotdingly, the application is insulated and the specific details of
a cattiet atre transparent. Further, using heuristics, a device’s approximate location may

30 be refined.
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[0055] Additionally, one ot more embodiments of the invention provide a method for
using fuzzy logic teasoning to refine the approximate location of a device. Various
imprecise inputs ate processed by membership functions and assigned three truth values
along an intetval [0,1]. The ttuth values define the magnitude of participation of the
inputs in tules. An infetence engine then processes the inputs in accordance with the
truth values through a rule base that comprises one or more rules. Each rule has an
antecedent that may utilize the truth values and a consequent that specifies a refined
location. The rules produce logical products (within an interval from 0 to 1) for each
rule that define the truth value for the consequents. A method is then used to select the
appropriate refined location based on the logical products.

[0056] Furthet, using an application programming interface (API), an LBS bridge is
created that contains the definition of a schema of an external database, data soutce
information that describes how to connect and communicate with the external database,
and a database quety statement that upon execution extracts properties from the external
database cotresponding to the schema definition. Positional information and a foreign
key for each record in the external database ate stored in a table and used to determine
which records are within a desited locale and need to be retrieved to provide a
customized location based setvice. Once identified, the key in the table is used with the
database quety statement and the information set forth in the schema definition to
retrieve desired information from the external database. Accordingly, the LBS bridge
provides a method, apparatus, and article of manufacture for accessing a user’s personal

information through an application programming interface.

Hardware Environment

[0057] FIG. 2 schematically illustrates a hardware and software environment utilized in
accordance with one ot mote embodiments of the invention. A typical distributed
computet system 200 uses a network 202 (such as the Internet) to connect technicians
utilizing mobile device clients 204 (e.g. 2 cellulatr phone, PDA, WINCE, or PALM device)
ot desktop clients (e.g., 2 computer system running a browser) to server computets 206.

[0058] A mobile device client 204 may include any type of mobile device such as

10
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handheld personal computets (HPC), palm-held personal computets (PPC ot PDA),
cellular phones, smazt phones, etc. However, embodiments of the invention may be
implemented on desktop clients as well. Hereafter, mobile device clients 204 and desktop
clients may be used interchangeably and refer to all types of clients/client computer
systems. A typical combination of resoutces used in system 200 may include a network 202
such as a cell phone network, the Internet, LANS, WAN:s, or the like, mobile devices 204,
desktop clients, and servers 206 that ate petsonal computers, workstations, minicomputers,
ot mainframes.

[0059] The network 202 connects mobile device clients 204 or desktop clients executing
the appropriate softwate applications to server computets 200. Setver computers 206 may
execute 2 vatiety of applications including a setver application 208 (e.g., 2 Web setvet), an
LBS application 210, MapGuide setver 212, and/or servlet 214 . MapGuide setvers 212
and servlets 214 may be located within or patt of setver application 208. The setver 206
and its components may also be referred to as a back office system. Such a back office
system maintains access to corporate databases, synchronization utilities, etc. The setver
application 208 is typically a program such as a UNIX Apache Web setver ot Microsoft’s
Internet Information Setver. The servlet 214 may communicate with a client 204 through
server application 208 such that any additional processing requited by a client 204 may be
petformed by the servlet 214.

[0060] In a geographic information system (GIS) offering location based setvices, servlet
214 may communicate with MapGuide setver 212 to obtain needed map data/information.
Additionally, setvlet 214 may access map windows files (MWF) 216 to obtain televant data.
MapGuide server 212 (or another application) may also interact with a database
management system (DBMS) 218 that may be utilized to rettieve relevant geographical data
(such as SDF [Spatial Data Files] data [a special data format for delivering large amounts
of data quickly over an intranet ot the Internet], raster data, Open DataBase Connectivity
(ODBC) data, etc.) from database 220.

[0061] Further, client 204 may interface with LBS application 210 through an application
progtamming intetface (API) 222 that provides 2 uniform interface for determining a

location of device 204 and providing additional location based services. To determine the

11
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location of client device 204, the LBS application may utilize one or more adaptets 224 for
each of the different protocols of various mobile device carriers 226. The cattiers 226 may
also maintain user profile information in one or more databases 228-230. As described
above, the LBS application 210 may also maintain an LBS database 232 (e.g;, for the local
storage of infotmation). In the prior art (as described above) the user profile information is
often reloaded into the LBS database 232.

[0062] The LBS application 210 may implement a compact LBS bridge to the external
databases 228-230. To implement the LBS bridge, the LBS application 210 maintains a
compact definition 234 of the schema of each external database 228-230. The schema is
described in detail below. Further, the API 222 may provide an interface for refining the
location of a device using fuzzy logic.

[0063] Generally, components 204-234 all comprise logic and/or data that is embodied
in or retrievable from a device, medium, signal, ot cattiet, e.g., a data storage device, 2
data communications device, a remote computer ot device coupled to the computer via a
network of via another data communications device, etc. Moreover, this logic and/or
data, when read, executed, and/ ot interpreted, results in the steps necessary to
implement and/or use the present invention being performed.

[0064] Thus, embodiments of the invention may be implemented as a method,
apparatus, or article of manufacture using standatrd programming and/or engineering
techniques to produce software, firmwate, hardware, ot any combination theteof. The
term "article of manufacture” (or alternatively, "computer program product”) as used
hetein is intended to encompass logic and/or data accessible from any computer-
readable device, cattier, ot media.

[0065] Those skilled in the art will recognize many modifications may be made to this
exemplary environment without depatting from the scope of the present invention. For
example, those skilled in the art will recognize that any combination of the above
components, or any number of different components, including different logic, data,
different peripherals, and different devices, may be used to implement the present

invention, so long as similar functions are performed theteby.
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Mobile Device Locator Adapter System

[0066] A device locator application may be executing on a client 204 ot a server 206 to
determine the location of a specific mobile device client 204. A device locator
application may be executing on a client 204 ot a setver 206 to determine the location of
a specific mobile device client 204. To determine the location of 2 mobile device client
204, a device-specific identification is provided to the device locatot. For example, a
mobile subsctiber intetnational subsctiber directotry number (MSISDN) (the ditectoty
number [e.g., the GSM - global system for mobile communications numbert] ot the
number one dials to connect to 2 GSM subscriber) may be provided to a device locator
application 210. Such an MSISDN may be encoded in a cookie in a witeless application
request. Alternatively, a device may be identified by an Internet ptotocol (IP) address
encoded in a request header or may be identified by 2 pte-stoted default in the uset
profile database 228-230.

[0067] The tesulting location provided by the device locator 210 contains the
cootdinates of the device 204, the device’s 204 spatial reference system (SRS), and
information regarding the precision of the coordinates.

[0068] The device locator 210 provides an interface 222 for accessing the network-
provided location of a device 204. For devices 204 that provide their own location (such
as via a SIM card), the application developer already has the coordinates of the device
204 and does not need to use the device locator 210.

[0069] The device locator 210 provides users with a unified API 222 for determining
the location of devices 204. The device locator 210 retrieves the location of devices 204
from third-party location determination technology (LDT) providers 226, each of which
may suppott different protocols (e.g., HTTP, HTTPS, etc.). LDT is a general term that
desctibes a carrier network based service that provides device 204 location information
to internal and extetnal systems. LDT adaptets 224 may be supplied by specific catriers
226 and may be utilized to provide the location information. Any location obtained
from a source other than the supplied LDT adaptets 224 may still be used throughout
GIS applications in any application programming information (API) call that requires 2

location parametet. As desctibed above, LDT providers /cattiers 226 may each suppott
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diffetent protocols that may vary with respect to the format of the request, the format of
the response, and the accuracy of the tesponse. Some setvices may only provide a
geogtaphic tegion that the mobile system is within, while others may provide specific
coordinates.

[0070] The device locator intetface (i.e., the API) 222 insulates application code from
the specific APIs of individual LDT providers 226. Application developers do not need
to undetstand provider APIs ot protocols. Instead, an LDT adapter 224 translates
specific provider APIs into a generic AP 222 that is presented to the application as the
device locator 210. The LDT adapter 224 thetefore insulates the application from
differences in protocols like hypertext transfer protocol (HTTP), secute hypettext
transfer protocol (HTTPS), etc. Such an architecture may also suppott additional LDT
providers 226 in the future without changing the application APT 222. An LDT adapter
224 simply needs to be written fot the new LDT provider 226.

[0071] FIG. 3 illustrates a simple representation of an architecture that supports a
device locator 210 in accotdance with one or more embodiments of the invention. As
illustrated, the architecture has several layers 302-308. Application code 310 in
application layer 302 intetfaces through the uniform API 222 with a device locator 312
(e.g., LbsDeviceLocatorManager) in the platform API layer 304 to obtain location
information for a device 204.

[0072] The device locator 312 interfaces with individual cartier protocols set forth in
specific cartier LDT adaptets 224 in internal layer 306 to retrieve location information
using cartier specific implementations. The cartier LDT adaptets 224 interact with client

code 316 that communicates with setver code 318 in the temote LDT provider layer 308.

[0073] To query the location of a device 204, the application code 310 tettieves an
instance of a device locator object 312 (e.g., LbsDeviceLocatorManager). The
application code 310 may then use the device locator 312 to obtain the location of 2
device 204 given a device’s id. As desctibed above, the format of device ids may vary
according to the LDT implementation. If a query for the location of a device 204 fails,

the device locator 312 may generate an exception.
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[0074] If the query is successful, a location object may be returned to application layer
302. As desctibed above, the resulting location object may contain a Point/Cootdinate
object containing the coordinates representing the device’s location, an SRS object that
describes the associated spatial reference system, and a Precision object that describes the
precision of the coordinates.

[0075] In one or more embodiments of the invention, a device locator manager
provides the API 222 and delegates calls to specific getLocation() methods implemented
for/by individual catriers 226. To ensure that the individual catriers 226 implement such
a getLocation method, an interface (e.g., a devicelocator interface) may be implemented

by all specific device locator adapters 224.

Ericsson™ Implementation

[0076] As described above, various adapters 224 may be utilized by the LBS

application 210. Each adapter 224 may be configured for a particular cellular carrier 226.
The following desctiption is specific for supporting an implementation for an adapter
224 implemented for Ericsson™. For the Ericsson™ implementation, the device id is
represented as an MSISDN.

[0077] The Ericsson™ implementation locates the device 204 within a cell and can
detetmine its approximate distance from the cell tower. A cell is a geographic area
sutrounding or immediately adjacent to a base station. This location data may be
modeled as an arc as shown in FIG. 4. The Point object returned (e.g., as patt of the
location object) tepresents the geomettic center of the arc, and the application layer 302
may retrieve the inner and outer radii di and dz- Furthet, angles 0; and 0 are in degtees
and are measured clockwise from due Noxth.

[0078] If the device locator 312 fails to determine the location of a device 204, it will
retty the request a predetermined/specified number of times. If, after the specified
number of retries, the device locator 312 still fails to determine the location, an exception
is thrown. Typically, exceptions occur when interfacing with the LDT provider

226/adapter 224. If the LDT provider 226 generates the exception, then any additional
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information provided by the provider 226, such as error codes and messages, may be
written to an errror log file.

[0079] One can determine that an exception was thrown by the device locator 312 by
compating its error code to a list of error codes. The following tables describe the etror
codes retutned by an Ericsson™ implementation, that will appear in an etror log fille. In
the tables, the term coordinate system refets to a system for specifying a location. The
Ericsson™ Mobile Positioning Protocol (Ericsson™ MPP) refets to an HTTP/HTTPS-
based specification developed by Eticsson for interfacing with a mobile positioning
center. IDMSO tefets to a format for specifying latitude or longitude, where 1 is a letter
indicating the cardinal direction, D is degtrees (2 ot 3 digits), M is minutes (2 digits), S is
seconds (2 digits), and 0 indicates no decimals (e.g., E153806 or N603758). Additionally,
Mobile Positioning Centre (MPC) is the term employed by Ericsson™ to describe a
positioning gateway that enables applications to access mobile station position
information. Further, Mobile Positioning System (MPS) is the term employed by
Eticsson™ to describe the implementation of theit MPP for LDT. The etrot codes

represent version 3.0 of the Ericsson™ MPS SDK.

Table 1 - Ericsson™ General Error Codes

Etrot Code | Description

0 No errot.

200-299 Syntax etror.
300-399 Authentication etrot.
400-499 Authotization errot.
500-599 Positioning error.
600-699 Netwotk error.

9999 Intetnal MPC error.
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Table 2 - Ericsson™ Syntax Error Codes

Error code ' Description

200-299 ’ Syntax etror. Syntax etrot is always described with a text slogan.

Table 3 - Ericsson™ Authentication Error Codes

Error Code | Description

300 Access denied. Invalid Password or Client Id ot the LCS client is not
activated.

399 Authentication ettot, othet.

5 Table 4 - Ericsson™ Authority Error Codes

Ertor Code | Description

400 Request type not allowed for client.

401 MSiSDN specified in the request not allowed to be positioned by the
client.

499 Authotity error, other.

Table 5 - Ericsson™ Positioning Etror Codes

Ertor Code | Description

503 Congestion. It is not possible to execute the positioning request at

the requested time or times due to heavy usage of the MPC.

504 Conversion to cottect geodetic datum failed.

505 Positioning of the MS failed, probably due to missing cell data.

506 Positioning of the specified MSISDN is not allowed at the moment.
599 Positioning etror, other.
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Table 6 - Ericsson™ Network Frror Codes

Etrot Code | Description

600 The specified MSISDN in not known to the network.

601 The specified MSISDN is not available for positioning. This occuts
for example if the MS is detached.

602 The specified MSISDN is not reachable for positioning at the
motnent. This occurs for example if the MS out of radio coverage.

603 Positing failed due to network reasons.

699 Networtk etrot, other.

Table 7 - Ericsson™ MPS 1.1 Exror Codes

Error Code | Description

0 No error.

100 No parameters wete supplied with the request.

101 The POSITION_TIME patameter is missing in the request.

102 The POSITION_TIME parameter is missing in the request.

107 Access denied. The user does not exist or the supplied password is
incorrect.

110 The parameter GEODETIC_DATUM was specified in the request
but was not assigned any value.

111 The parameter COORDINATE_SYSTEM was specified in the
tequest but was not assigned any value.

112 The parameter POSITION_FORMAT was specified in the request
but was not assigned any value.

113 The parameter GMT_DIFFERENCE was specified in the request

but was not assigned any value.
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The parameter POSITION_DELAY was specified in the request but
was not assigned any value ot the assigned value was not a numetic
string.

Access denied. The specified request is not authorized to execute.

Invalid syntax for the supplied POSITION_ITEM value. This can

also indicate that too many position items have been speciﬁed.

Invalid syntax for the supplied POSITION_TIME value. This can

also indicate that too many position times have been specified.

The supplied request will genetate too many positions and has thus

been rejected.
The MPC has problems contacting the network.

The PP the MPC uses for the request has an internal error, due to this
the MPC cannot execute the request. The MPC may be missing cell

data in its internal cell database.

The specified MS is not available for positioning. This occuts for
example if the MS is detached.

The request has passed its specified positioning time. This can be due
to heavy load on the MPC and due to POSITION_DELAY being set

to a too small value.
The network claims that there is an etrot in the MS.

Congestion. The MPC is unable to execute the positioning request at
the requested time ot times due to currently heavy usage of the MPC.
This can beo overcome by increasing the allowed positioning delay

value (see Available MPP patametets on page 4).

The tequest cannot be executed due to an internal error in the MPC.
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Adapter System Flow

[0080] FIG. 5 is a flow chatt that illustrates the use of an APIin a mobile device

locator adapter system 200 in accordance with one or more embodiments of the
invention. Referting to both FIG. 2 and FIG. 5, in the mobile device locator adapter
system 200 an application program 210 (i.e., 2 device locator) may be dynamically
deployed within a computer system 200 without deploying a new version of the
computer system 200.
[0081] Once the application progtam 210 has been deployed, simplified procedures of
an API 222 of the application program 210 may be invoked at step 500. The simplified
procedutes obtain the location of the mobile device 204 at step 502 (e.g., using an
identification of the mobile device 204). To obtain the location, the invoked procedures
interact with the carrier adapter 224 at step 504. Since the catrier adapter 224 is
customized for a particular carrier 226, specific information and methods may be utilized.
Fot example, the invoked procedures may interact with the specifics for a mobile
positioning server of the cartier 226 and different methods of identifying the device 204
as requited by the carrier 226. Additionally, the invoked procedutes may obtain the
spatial reference system associated with the location of the device 204 at step 506.
[0082] The location of the mobile device 204 obtained at step 502 may comptzise a
cellular phone number, an MSISND, an Intetnet protocol address encoded in a request
header or a pre-stored default. Further as desctibed above, by interacting with one or
more carrier adaptets 224 at step 504, the invoked procedures interact with different
protocols provided by the carriers 226.
[0083] Once the location has been obtained at step 506, the location may be further
refined at step 508. To refine the Jocation, one or more heuristics may be applied. For
example, the location may be snapped to a closest point on a street network, to 2
landmark or point of interest in the vicinity, to a location in the vicinity of the location
the mobile device uset has recently visited (by examining the user’s “history”), ot to a
location in a vicinity of the location that the mobile device user has bookmatked as a
“favorite” location. Alternatively, fuzzy logic may be used to refine the location of the

device 204.
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Location Refinement

[0084] Once a location for a device 204 has been obtained, one or more embodiments
of the invention may refine the approximate location by applying several heuristics
and/ot by applying fuzzy logic. A user or application may specify when such a location
refinement is to occut. For example, a boolean “REFINE” value may be set to TRUE if
refinement is desired. Accordingly, once a location is identified (as described above), the
boolean value may be examined to determine if further refinement should be petformed.
[0085] A user may be permitted to specify the desired methodology for refining the
location of a device 204. Such different methodologies my be specified by configuring a
set of rules used in the refinement process. Further, such rules may be stored in a table
in a rule configuration file. The different methodologies may include snapping the
location to the closest point on the street network, a landmark, ot a “point of interest” in
the vicinity. Alternatively, the application may look for locations in the vicinity of the
approximate location that the mobile device user has recently visited (i.e., studying the
“history” in the uset profile) and snapping the location to a particular location (e.g., the
closest location last visited). Further, the application may examine “favorite” locations
bookmarked by the mobile device user and determine if any such “favorite” locations are
in the vicinity of the approximate device location. The approximate location may then
snap to the closest “favorite” location. Further, fuzzy logic may be utilized to refine the
location as described in detail below.
[0086] For example, in a simple approach to location refinement, the geomettic
centroid of a precision polygon shape f(x,y) is defined by:

x = Doublelntegral (x dx dy) / DoubleIntegral (dx dy); and

y = Doublelntegral (y dx dy) / DoubleIntegral (dx dy)
Using such a definition for a geomettic centroid, trivial refinement of 2 ptecision polygon
(e.g., polygon 102) is provided. However, the centroid does not really refine the location.
Nonetheless, such a centroid may offer the best average ettot for a uniform distribution

of the true location within the precision polygon 102.
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[0087] In anothet example of location refinement, 2 user’s profile and regional content
is uséd to influence the refinement. In such refinement, a witeless catrier 226 profile
database 228-230, a wireless pottal (e.g., an adaptet 224) and a local uset profile database
(e.g., LBS database 232) will togethet have access to vety specific user profile
information. Such access may be provided as described in co-pending and commonly
assigned United States Patent Application Setial No. 10/034,440, entitled “LOCATION
BASED SERVICES BRIDGE TO EXTERNAL DATA SOURCES”, by Nemmara
Chithambatam, et. al., Attorney Docket No. G&C 30566.204-US-01, filed on December
26, 2001.

[0088] This information may get progtessively ticher and more precise with increased
usage of LBS setvices or an LBS application 210. The data obtained through further use
of an LBS application 210 may offer insights related to the uset’s general demographic,
ethnic classification, the user’s locational pattern (e.g., home, office, favorite locations),
and/or the user’s “cutrent activity profile” based on the histoty of locations visited
recently and/or recently executed queties (e.g., “find closest museum”).

[0089] Further such profile information may also be used to answet questions such as
whether the uset in the vicinity of a bookmarked favorite location ot whether the user in
the vicinity of a location recently recorded in the location history. If one of these
conditions tutns out to be true, a favorite location ot a location in the uset profile
location histoty as a candidate for the tefined location may be easily offered.

[0090] However LBS setvices ate more commonly used when the user is away from
home or work, and often in an unfamiliar area. In such cases, a prominent landmark(s)
or point(s) of interest in the vicinity may be offered as candidates for the refined
location(s). Further, the categoty of landmark or point of interest selected could depend
on “intelligently guessing” the uset’s “cutrent activity profile” based on inputs from the
user profile and local content database 232. Such inputs may comptise a combination of
locational aspects (e.g., where are the uset’s favotite routes), activity profile indicatox(s)
(e.g., is this is a business visitor? Ot the last finder query was “find closest museum?”),
and/or a temporal aspect (e.g., how late are the typical visitor attractions open in this

region?)
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[0091] Additionally, a user’s preferences may be inferred to deliver highly personalized
setvices tailored to a user. For example, everything from application behavior to
stylizing for the filteting of content may be personalized for a particulat uset.

[0092] To refine the approximate location of a device 204, a location refinement
manager may be utilized. The location refinement manager may be the initial point for
location refinement, and a method of the location refinement managet may return a
single refined location (e.g., a best guess), a sorted list of refined candidate locations, or
several lists of refinement candidates classified by soutce (e.g., uset profile favorites, uset
profile history, visitor landmarks, etc.). Each list of refined locations may be based on
the patticular refinement performed. For example, one list may be based on favorites, a
second list may be based on the history, while a thitd list may be based on landmatks.
Further, each list may be sotted based on their distance from the centroid or
apptoximate location.

[0093] Once the list of lists of refined locations is obtained, a uset may interact with
the LBS application 210 to compute the user’s exact location. This interaction may for
example include a simple confirmation of the refined location, allow selection from the
candidate list, ot the use of one or more candidate locations to orient and locate the
user’s true location. Further, during this process, all of the lists may be resolved into a
single list. For example, each location in each list may be combined into a single List
sorted by distance from the centroid. Additionally, the individual lists ot single resolved
lists may be filtered such that only locations within a specified polygon ate returned.
Further, based on the individual lists or single resolved list, a single refined list may be
returned. Accordingly, depending on the implementation of the location refinement
manager, the user may be presented with a single refined location, a list of refined
locations, ot a list of lists of refined locations. Nonetheless, the location refinement
manager permits the approximate location of a device 204 to be refined based on vatious

factors that may be selectable by a uset.
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Fuzzy Logic Refinement

[0094] One or mote embodiments of the invention provide a method, appatatus, and
article of manufacture for tefining a device location using fuzzy logic. The fuzzy logic
refinement process may be initialized by the location refinement manager.

[0095] Many reasons exist for utilizing fuzzy logic to refine a device’s location. To
provide the most benefit, some questions and information may be necessary. For
example, necessaty information may include whether the current activity profile matches
a commuter profile, a business visitor profile, a leisure visitor profile, more than one of
these profiles, or none of the profiles. However, many problems may atise with
answering such questions. For example, the definition of the problem may be vague. In
other wotds, the problem may be ill suited for precise quantitative definition (non-
quantitative terms such as in the vicinity of, close to, far away from, likely, etc. may be
frequently used). Also, it may be difficult to determine when a cettain category of
landmarlks for the refined location should be used (subjective question). Additionally,
boundaties may be blurry. For example, the answer to the question, “Does the cuttent
activity match the profile of leisute visitor?”” could be “May be” or “Uncertain” vs. a
“Yes/No”. Further, inputs may be imprecise, conflicting, and/or ovetlapping. For
example, the cutrent activity profile could represent a business visitor spending an
evening of leisure.

[0096] These problems call for a system that manages the vagueness, imprecision and
blurry boundaties intrinsic to the input. Futther, a system should formalize how such
imprecision and conflicting information will be captuted and processed, allow the
progressive reflection of an increased understanding of the problem (with increased
usage and deployments), and offer a definite conclusion.

[0097] One or mote embodiments of the invention utilize a branch of artificial
intelligence (AT) referred to as fuzzy logic to solve such problems. Fuzzy logicis a
superset of conventional (Boolean) logic that has been extended to handle the concept of
partial teuth - truth values between “completely true” and “completely false”.

[0098] With fuzzy logic, continuous truth values ate permitted such that system

vatiables may take a continuous range of truth-value memberships in the interval [0,1],
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rather than strict binary (True ot False) decisions and assignments. For example, if it is
cloudy and ovetcast, the statement “it is raining” could have a True value of 0.8, and a
False value of 0.25. Likewise, the statement “The current user is a visitot” has the value
0.9 if highly likely, 0.1 if highly unlikely, and 0.5 if the answet is “may be”.

[0099] Using fuzzy logic, the location refinement problem rﬁay be tedefined. Such a
redefinition of the problem may be depicted in FIG. 6 that illustrates a refined location
as the fuzzy centroid of weighted inputs. In FIG. 6, the location precision polygon 102
contains a geometric centroid 100 given as the approximate device 204 location. The
refined location 104 may be selected from a vatiety of diffetent possibilities 602-614.
However, the various different possibilities 602-614 may be weighted and combined to
determine a refined location as the fuzzy centroid 104.

[0100] Various fuzzy membership sets 602-614 may be utilized and weighted to refine
the location. Different types fuzzy membership sets 602-614 may be utilized in the
weighting calculation. For example, fuzzy membetship sets 602-614 may be utilized for
proximity to vatious categoties of user profile locations (e.g., the closest user profile
favotites 602, user profile history 604, etc.). Additionally, fuzzy membetship sets 602-
614 may describe the current aétivity (e.g., business visitot profile, commuter profile,
leisure visitor profile, etc.), and by extension, weighted proximities to different kinds of
landmarks (e.g., the closest lodging landmark 606, the closest visitor landmark 608, the
closest business landmark 610, the closest street intetsection 612, the closest commutet
landmark 614, etc.).

[0101] Based on the fuzzy membership sets, the refined location may be inferred as a
fuzzy centroid 104 of these weighted inputs.

[0102] The fuzzy logic reasoning of the present invention petmits a variable number of
imprecise inputs such that any number of precise or imprecise inputs /input sensors are
allowed. For example, one ot mote of the following may be used as input sensots to
refine a device’s locaiton: proximity to favotites, business visitor profile indicator, leisure

visitor profile indicator etc.
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[0103] The fuzzy logic reasonjng of the invention includes a rule-base that defines a set
of (intuitive) rules that define input/output relationships in the form:

IfX and Y then Z
For example, one ot mote of the following rules may be defined within a rule base of the
invention: If (close to local favorite location) then ClosestFavorite; or If (far away from
favorites) and (current activity matches visitor landmark) then ClosestVisitotLandmark.
[0104] Membership functions define the magnitude of participation of each input in
determining the location. For example, a membership function may evaluate the
question of whether the curtent activity profile matches a leisure visitor profile. An
answet of “most likely” results in a higher membership function and a greater
patticipation in location determination, vs. an answer of “could be”.
[0105] Lastly, the fuzzy logic reasoning of the invention includes an inference engine
that computes the logical product of each of these rules. For example, an inference
engine may determine the logical product as:

X AND Y =MIN (X, Y)

XORY=MAXXY)
The logical product is then combined to produce the final answet.
[0106] FIG. 7 outlines the fuzzy logic reasoning process in accordance with one or
more embodiments of the invention. As illustrated, fuzzy inputs 702 (i.e., 2 vatiable
numbet of imprecise inputs) are processed by one or more membership functions 704
that define the magnitude of participation of each input 702. Subsequently, a rule base
706 (containing one ot more rules) is processed by an inference engine 708 whete the
logical product for one ot mote rules are computed. The logical products provide the
level of truth (i.e., a value in the intetval [0,1]) for each rule. The inference engine then
selects the refined location using one ot mote different methods. For example, the
maximum logical product ot root-mean-squated values 710 may be utilized to determine
the appropriate final output 712 (i.e., refined location). Thus, fuzzy inputs 702 go from a
ctisp form to a fuzzy form (when processed by membership functions 704) whete they
ate processed by an inference engine 708 that identifies logical products that ate then

processed back into a ctisp form by using a desired methodology 710 for selecting the
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apptroptiate logical product and the corresponding refined location for output 712.
[0107] Three types of input sensors (fuzzy inputs 702) may be utilized: location or
proximity based, time based, and activity profile based. Location or proximity based
inputs 702 determine the proximity to particular locations. For example, location based
inputs 702 may include favorites (e.g., proximity to user profile favorites like home,
office, health club, etc.) and history (e.g., proximity to recently visited locations in the
uset profile history).

[0108] Activity profile based inputs 702 are evaluated to determine whether the cutrent
uset’s activity matches or is similar to a particular established profile. For example,
established profiles may include a business visitot activity profile (e.g., does the current
activity match the profile of a business visitor?), a leisute visitor activity profile (e.g., does
the cuttent activity match the profile of a leisure visitor?), and a commuter activity profile
(e.g., does the cutrent activity match the profile of a commuter?).

[0109] Temporal inputs 702 are based on whether the current time is within a
particular temporal range ot profile. For example, a business operating hour tempotal
input 702 may detetmine if the cutrent time is within the business operating hours.
Alternatively, a leisute opetating hout temporal input 702 may determine if the current
time is within the leisure operating hour.

[0110] Othet spatio-temporal inputs 702 such as velocity vector (indicating a direction
of travel) may be added/utilized as an input 702.

[0111] The fuzzy logic then processes the inputs 702 to produce an output 712. The
output 712 may comptise a single value or a set of values (if multiple candidates are
requited). Outputs may include the closest favorite location 602, the closest history 604,
the closest leisure landmark 608, the closest business landmatk 610, the closest lodging
landmark 606 (e.g., 2 hotel), the closest commuter landmark 614, the closest street
intersection 612, etc.

[0112] Membetship functions 704 ate utilized to define the magnitude of participation
of each input. In other words, 2 membership function 704 makes an evaluation of an

input 702 and detetmines how much that input 702 is used in the inference engine 708.
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[0113] A three-valued set may be used for each input/membership function 704: P or
positive (+) for truth-values, N or negative (-) for false-values, and Z ot zero (0) for
values that can go in either direction ot reflect uncertainty. Each set can take values
from the closed set/intetval [0,1]. |
[0114] For example, an input function LeisuteVisitorActivityProfile can be fuzzified as
follows:

Most likely leisure visitor > P = 0.8

Unlikely leisure visitor 2 N = 0.8

May or may not be (uncettain) 2 Z = 0.8
Similatly, P, N, and Z values may be defined fot all other inputs 702 (e.g., near = P, far =
N, uncettain = Z). Table 1 is an example of an input membership table that may be used

to store the different values for input 702 participation.

INPUTS N Z P
-0 | [0-1 | [o-1]

ProximityToFavorites

ProximityToHistory

BusinessVisitorProfile

LeisureVisitorProfile

CommuterProfile

BusinessOperatingHour

LeisureOperatingHour

TABLE 1

[0115] ‘The membership functions 704 populate the table with the approptiate values
for P, N, and Z. Subsequent to processing the inputs 702 through the membetship
functions 704, the inputs 702 are processed by an inference engine 708 against a rule
base 706 in accotdance with the magnitude of patticipation (i.e., the P, N, and Z values)
provided by the membetship functions 704. Since the rule base 706 is merely applied by
the inference engine 708, the tule base 706 can be progtessively refined as more
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empitical data is gathered. Further, 2 default rule may be specified. The default rule is
used if/when the inference engine 708 cannot produce a result due to conflicting rules or
inputs 702. Thus, the rule base 706 is fail-safe. If the fuzzy reasoning fails to yield a
tesult due to too many conflicting inputs 702, the default rule would be applied (e.g.,
answering closest street intersection if the default rule so provides).

[0116] Additionally, to expetiment on the output 712 produced based on vatying rules
and input 702, the inclusion and exclusion of rules may be influenced fot
experimentation. For such expetimentation, embodiments provide that the rules use
logical products and that only non-zeto logical products contribute to the final inference.
For example, if the member ship function 704 produces P, N, and Z values that ate zero,
the inputs 702 have no magnitude and cannot patticipate in the rules. Further, since
logical opetations are performed, if a zeto value were used, the product result in a rule
would also be zeto (thereby producing an impropet output 712). Accordingly, initializing
a value of 0.0 for the P, N and Z values of a function 704, excludes the rule from
conttibuting in as a result of the logical product tule (since 0.0 and X = 0.0).

[0117] Additionally, the number of rules, complexity of rules, and the inference engine
708 may be configured (e.g., adaptive to different partsb of the wotld, ot for a richer user
profile database). Table 2 illustrates a rule base 706 table comprising rule numbers,

antecedents, and consequents for a rule base 706.
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Rule If Then
(antecedent) (consequent)
1. ProximityToFavorites = P ClosestFavorite
E.g., Home

2. ProximityToFavotites = (N OR Z), and ClosestHistoty,
ProximityToHistory = P E.g., Last location in history

3. ProximityToFavotites = (N OR Z), and ClosestBusinessLandmark
ProximityToHistory =N OR Z, and E.g., Civic Center
BusinessVisitorProfile = P, and
BusinessOperatingHour = P

4. ProximityToFavotites = (N OR Z), and ClosestLeisuteLandmark
ProximityToHistory =(N OR Z), and E.g., Stafford Lake Park
LeisureVisitorProfile = P, and
LeisuteOperatingHour = P

5. ProximityToFavotites = (N OR Z), and ClosestLodgingl.andmark
ProximityToHistory =(IN OR Z), and E.g., The Sheraton
BusinessVisitorProfile = P, and
BusinessOperatingHour = N

6. ProximityToFavorites = (N OR Z), and ClosestLodgingl andmark
ProximityToHistory =(N OR Z), and E.g., The Sheraton
LeisureVisitorProfile = P, and
LeisureOperatingHour = N

7. ProximityToFavorites = (N OR Z), and ClosestCommuterLandmark
ProximityToHistory =(IN OR Z), and E.g., Richmond Bart Station
CommutetProfile = P

8. ProximityToFavorites = (N OR Z), and ClosestStreetIntersection
ProximityToHistory =(N OR Z), and E.g., Civic Center At
BusinessVisitorProfile = (N OR Z), and MclInnis
LeisureVisitotProfile = (N OR Z), and
CommutetProfile = (N OR Z)

TABLE 2

[0118] Table 2 illustrates how the values in the input membership table (i.e., Table 1)
are utilized in a set of tules. For example, in rule 3, four conditions are processed based

5  on the inputs 702 to produce the closest business landmark. The four rules use logical
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AND operations to evaluate the antecedent rules. In rule 3, the closest business
landmark is the consequent (i.e., the output 612) if proximity to favorites is N or Z,
proximity to history is N or Z, the business visitor profile is P, and the business operating
hour is P. The additional rules each have a set of antecedents/conditions that produce a
particular consequent when combined.

[0119] Once the rule base 706 has been established (e.g., placed into a rule base table),
the inference engine 708 is used for computing the fuzzy centroid 104. When using the
inference engine 708, the logical product of each rule (e.g., rule 1 through 8 of Table 2) 1s
processed. This processing yields a value between 0 and 1 for each rule. When
processing logical products, the antecedent “X and Y and Z” is equivalent to the
minimum of X, Y, and Z (i.e., MIN (X, Y, Z)). Similatly, the antecedent “X ot Y ot Z”
is equivalent to the maximum of X, Y, and Z (ie., MAX (X,Y, Z)). The logical product
for each rule (with a value in the interval [0, 1]) indicates the magnitude of participation
of that rule (0 indicating no participation). The inference can use different methods of
computing the weighted centroid 104 of the non-zero magnitude rules including picking
the MAX, averaging or using root mean squared 710.

[0120] In one ot more embodiments, the MAX rule is always utilized so that the rule
with the highest logical product is selected. For example, if rule 5 (of Table 2) yields the
highest logical product, say 0.9, the refined location would be the Closest Lodging
Landmark.

[0121] Fusther, when applying rules, if multiple candidates or multiple lists are
required, the first n elements from the highest 2 or 3 logical products are selected. For
example, if rules 5 and 7 (of Table 2) yield the highest values, then two lists that
represent the Closest Lodging Landmarks and the Closest Commuter Landmarks may be

provided as refinement candidates.
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Example Application of Fuzzy Logic Refinement
Example 1 (Simple)

[0122] In a simple example, the user may not be vety close to any favorite locations
but is very close to a location in the uset’s profile history. In such an example, the input

membetship table has the values is illustrated as Table 3.

INPUTS N Z P
(0-1) (0-1) (0-1)
ProximityToFavorites 0.9 0 0.1
Proximity ToHistory 0 0 0.8
Business VisitorProfile 0 0 0
LeisureVisitorProfile 0 0 0
CommuterProfile 0 0 0
BusinessOperatingHour 0 0 0
LeisureOperatingHour 0 0 0
TABLE 3

[0123] In this example, the only rules in the rule table that yield 2 non-zero logical
product ate rules 1 and 2 as illustrated in Table 4.

Rule If Logical Product Then
(antecedent) . (consequent)

1. ProximityToFavorites = P 0.1 ClosestFavorite
E.g., Home

2. ProximityToFavorites = (N OR Z), | 0.9 and 0.8 = 0.8 ClosestHistory,

and ProximityToHistory = P E.g., Last location
in history
TABLE 4

[0124] Using the Max rule (i.e., taking the rule with the highest logical product), rule 2
prevails and the output 712 for the refined location is the closest history (e.g., the last

location in the user’s histoty). The closest history is the expected answer:
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[0125] In this example, the user is far away from favorites, far away from history, the

cutrent activity profile suggests the user matches a business visitor profile, the cutrent

activity profile suggests that the user could also possibly match a leisure visitor profile,

and the time of day is 8.00 p.m. on a weekday.

[0126] Processing these values in membetship functions 704 might result in the value

for the input membership function of Table 5.

INPUTS N Z P
O | @O | @D
ProximityToFavorites 1.0 0 0
ProximityToHistory 1.0 0 0
BusinessVisitotProfile 0 0 0.8
LeisureVisitorProfile 0.3 0.5 0.6
CommuterProfile 0 0 0
BusinessOperatingHour 0.9 0 0.2
LeisureOperatingHout 0.2 0.4 0.7
TABLE 5

[0127] The non-zero magnitude rules for these membership values, and their logical

products 'are shown in Table 6 below:
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Rule If Logical Then
(antecedent) Product (consequent)
3. ProximityToFavorites = (N OR Z), and | 1.0 and | ClosestBusinessLandmark

ProximityToHistory =(N OR Z), and 1.0 and | E.g., Civic Center

BusinessVisitorProfile = P, and 0.8 and
BusinessOperatingHour = P 0.2 =
0.2
4, ProximityToFavorites = (N OR Z), and | 1.0 and | ClosestLeisureLandmark
ProximityToHistory =(IN OR Z), and 1.0and | E.g., Stafford Lake
LeisureVisitorProfile = P, and 0.6 and
LeisureOperatingHour = P 0.7=
0.6
5. ProximityToFavorites = (N OR Z), and | 1.0 and | ClosestLodginglandmark

ProximityToHistory =(N OR Z), and 1.0and | E.g., The Sheraton

BusinessVisitorProfile = P, and 0.8 and
BusinessOperatingHour = N 09 =
0.8

ProximityToFavotites = (N OR Z), and | 1.0 and ClosestLodginglandmark
ProximityToHistory =(N OR Z), and 1.0and | E.g., The Sheraton

10

15

| LeisureVisitorProfile = P, and 0.6 and
LeisureOperatingHour = P 0.7 =
0.6
TABLE 6

[0128] The highest logical products are for rules 5 and 4. Therefore the candidates for
refinements for this example will include the ClosestLodginglandmark and the
ClosestLeisureLandmark.

Advantages and Benefits

[0129] The use of fuzzy logic reasoning to refine a device 204 location deals with the‘
many uncettainties related to both the inputs for location and refinement, and the rules
used to compute the refinement. Futther, fuzzy logic reasoning provides formal
constructs fot representing (fuzziness) imprecise/vague/overlapping/conflicting inputs.
Also, fuzzy logic reasoning provides the best guess (for applications that want to
minimize the user interaction) ot sevetal prioritized candidate lists.

[0130] Additionally, as described hetein, the fuzzy logic reasoning model is adaptive.

In other wotds, the model allows the complexity of the inference to be controlled. For

34



WO 03/058928 PCT/US02/41611

10

15

20

25

30

example, tutning down the inferences in rules 3-7, ptovides a simple model (that only
uses proximity to favorites, locations in history, and defaults to
ClosestStreetIntetsection). On the other hand, the rules can be easily fine tuned to
provide further information such as regional information.

[0131] The rule-base 706, and the inference engine 708 can be implemented in phases
(starting with the simplest). Futther, the processing allows inputs to be taken from the
cartier profile databases 228-230, and the locational information to infet user preferences
and influence application behavior, filtering of content, etc. The use of the catrier profile
databases 228-230 helps provide highly personalized applications tailored to the uset’s
profile and location. Additionally, the value of the profile information collected by

cattiers increases by using it to petsonalize application behaviot.

Fuzzy Logic Reasoning Flow
[0132] FIG. 8 is a flow chart illustrating the use of fuzzy logic reasoning to refine a

device 204 location in accordance with one or more embodiments of the invention. At
step 800, the apptoximate location of a device is determined. At step 802, a rule base
706 that comprises an ordered collection of rules is read into memoty ot loaded from a
database (e.g., database 232). The rule base 706 may be progtessively refined based on
empitical data collected over time. Further, the rule base 706 may specify a default rule
to use if the reasoning fails to produce a result. Additionally, the rule base 706 may be
adaptable such that is may be configuted to reflect regional trends, social trends, ot
demographic trends. Such adaptability may be user controlled wherein the uset is
petmitted to add, delete, and edit the rule base to customize/petsonalize the reasoning.
[0133] 'The rules within the rule base 706 are defined by an antecedent with one ot
mote conditions, and a resulting consequent. Further, the antecedent may utilize or
process a logical product.

[0134] At step 804, a variable number of imprecise inputs/input sensots are captured.
As desctibed above, three types of input sensots ate typically used: locational, activity
profile based, and temporal based. Additionally, spatio-temporal inputs may be used.

[0135] At step 806, the input is processed in one or more membership functions.
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Membership functions define the magnitude of patticipation of each input in the rules.
In accordance with fuzzy logic reasoning, the magnitude of patticipation may be within
an intetval from 0 to 1 ([0,1]). The membership function may define a three-valued set
for each input. Such a three-valued set may comptise 2 truth value, a false value, and an
uncertainty value (each of which are defined along the interval [0,1]).

[0136] At step 808, the rules ate applied to the input based on the magnitude of
participation to produce a logical product for each rule. Using fuzzy logic reasoning of
the invention, the logical product may comprise a truth value between 0 and 1 that
represents the applicability of the consequent. The consequent specifies /describes a
refined location (e.g., closest leisure landmark, closest lodging landmark, etc.).
Accordingly, the antecedent utilizes the vatious input values (as processed by the
membership functions) to produce a logical product that represents the truth of a
consequent.

[0137] At step 810, the refined location is computed based on the logical products. In
other words, now that various truth values/logical products have been specified at step
808, a determination is made as to which consequent to utilize as the actual refined
location (also referred to as the weighted centroid 104). As described above, different
methods of computing the refined location based on the logical products may be used.
For example, the maximum logical product may be selected and the cortesponding
consequent may then be selected/used to determine the refined location. Alternatively,
averages (e.g., a toot-mean-squated calculation) may be used to tefine the location. For
example, the logical products may be averaged and the consequent with the logical
product that is closest to the average may be selected as the refined location.
Alternatively, a number of different candidate locations may be used and a location
between all of those locations may be provided. However, any available method for
selecting a refined location (or list of refined locations) may be used. Additionally, the
refined location that is returned may either comptise a singleton (i.e., a single refined

location) or a list of candidate locations that the user may select from.
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Location Based Setvices Bridge to External Data Soutces

[0138] As described above, LBS applications 210 may be highly customized for a
particular user based on the uset’s profile information. User profile information is any
data maintained pet uset in a relational database, portal, etc. Such uset profile
information may be stored locally (e.g., in an LBS database 232) ot externally (e.g., in
external data sources 228-230). In the ptiot att, external profile information is frequently
reloaded into an LBS database 232 of an LBS gpp]ication 210 resulting in increased cost,
synchronization problems, data formatting incompatibilities, and problematic non LBS-
awate data. For example, a significant amount of a user’s profile information may be
stored in a carrier’s external database 228-230. To utilize such profile information in the
prior art, all of the information is copied to an LBS setvice provider’s local database 232.
However, a catrier 226 may not permit such a copying for vatious teasons.
[0139] To overcome these problems one ot mote embodiments of the invention utilize
a compact LBS bridge to external profile databases 228-230. The LBS bridge allows the
data to remain in the external database 228-230 while still providing the same location
based services and utilizing the data. Further, whether the data is local/internal or
external remains transparent and seamless to the application (e.g., location setvice) and
uset.
[0140] ‘'The LBS bridge provides a compact definition of the schema 234 (also referred
to as a data link table) of the external database 228-230 (including the name of the
attributes, the types and the constraints). Within the schema, data soutce information
(e.g:, how to connect and communicate to the external database 228-230) and the SQL
(structured quety language) select statement that will extract the relevant properties from
the data soutce cotresponding to the schema 234 desctiption are provided. Additionally,
the SQL statement contains information about the foreign key column name that
identifies the key for uniquely identify records in the external database 228-230.
[0141] Additional information used to provide location based setvices may be stored in
the LBS database 232 in the form of a user profile propetty table (UPPT) (also refetred
to as a databridge table). The UPPT may be existing user profile information that is

stored locally or may be cteated specifically for accessing the external data sources 228-
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230. Commonly, the UPPT maintains information about spatially-aware uset profile
items stored externally from the local data store 232. Each record in the foreign data
source 228-230 is identified by storing the foreign key for the record in the LBS database
232 (in the UPPT). In addition, positional information for each external record is
obtained/extracted and stored in the UPPT as a geocoding/spatial index (thus making
the external database 228-230 LBS enabled). Further, if necessary, non-coordinate
position information (e.g., textual street address, landmarks, etc.) may be geocoded to
create the geocoding/spatial index and stored in the UPPT. Accordingly, a
link/relationship is established between a local UPPT tecord and a record/item stored in
external databases 228-230. The UPPT may contain records for every record in the
external data source 228-230 or for a subset of records in the external data source 228-
230.

[0142] ‘The collection of these setvices are made available in the form of an external
API 222 for system integrators. Such an external AP 222 may also be refetred to as 2
uset profile manager. As a result of the generic LBS bridge, LBS applications 210 may
extend to the latge amount of profile information accumulated by witeless carriers 230,
phone companies 228, etc. This extension makes LBS setvices more personalized and
valuable to the end user.

[0143] FIG. 9 illustrates the structure of a schema 234 for an external database 228-230
in accordance with one or more embodiments of the invention. As desctibed above, the
schema definition 234 maintains information about external data soutces 228-230. Each
schema 234 definition stored by the LBS application 210 provides a description for each
object in the external database 228-230. In other words, there is 2 cotresponding schema
234 for each object in the external database 228-230. Fot example, an address object in
the external database 228-230 will have a cortesponding schema definition 234. Further,
for each field/attribute in the object, a cotresponding atttibute definition 902 is stored
with the schema 234. For example, the address object has multiple fields /attributes such
as name, number, street name, city, state, and zip. For each field/attribute, a2 schema

attribute definition 902 is stored with the schema 234.
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[0144] The type of database 904 (i.e., itemType : String; e.g., Address) in the schema
234 provides the type ot a name for the object in the external database 228-230. Data
soutce information 906 (i.e., jdbcDataSoutce : String) provides information regarding
how to connect and communicate with the external database 228-230. Such information
may fully define where the data is, including its database 228-230, its row, and its column.
For example, information regarding which cattier 226 is hosting a particular database
228-230 and how to communicate with the database 228-230 is stored.

[0145] As described above, a list 908 of attributes is set forth in the schema 234. For
each attribute, an atttibute definition 902 provides the name of the attribute, the type of
attribute and a constraint of the attribute. Thus, for each schema 234, a single list 908
maps to multiple attribute definitions 902.

[0146] An SQL select statement 910 (e.g., a “WHERE” clause) provides the command
for extracting relevant propetties (e.g., 2 row or record) from the data source 228-230.
Accordingly, schema 234 contains all of the definitional information fot objects in the
external databases 228-230.

[0147] As described above, an API 222 (also referred to as the user profile manages
1000) may be gﬁlized for maintaining schema 234 information, schema attribute
definition 902 information, and for accessing/rettieving detailed information (i.e., uset
profile information) from extetnal databases 228-230. Additionally, the API may be
utilized to maintain the UPPT such as adding ot deleting a particular entry from the
UPPT. Further, even when maintaining the UPPT, whether the data is coming from a
local data soutce or an external data source 228-230 remains transparent to the user.
[0148] FIG. 10 illustrates a user profile manager in accordance with one or more
embodiments of the invention. To add a schema definition 234 to the system 200 so
that the external database 228-230 may be accessed, the insertSchema method 1002 of
the uset profile manager 1000 may be utilized. An application providet or the carrier 226
may utilize the insertSchema method 1002 for this putpose. A schema definition and
type information for the schema are supplied to the user profile manager 1000 to add the

schema. Once a schema definition 234 has been added to the system 200, the name of
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the schema 234 and the schema information is added to a list of schemas 234 referred to
as a foreign item type schema definition.

[0149] Table 7 illustrates a foreign item type schema definition that contains
information tegarding the schemas 234 that have been added to the system 200 (i.e.,

using the insertSchema method 1002) in accordance with one or more embodiments of

the invention.
ItemType Schema Blob (OR addn’l columns)
ADDRESS ADDRESS SCHEMA
CUSTOMER CUSTOMER SCHEMA
TYPE_XX TYPE_XX SCHEMA
TABLE 7

[0150] As illustrated in Table 7, an address object, customer object, and type_xx object
all have schema definitions 234 maintained by LBS application 210. To add an entty to
the foreign item type schema definition, the insertSchema method 1002 may be used
while specifying an itemType 904.

[0151] As desctibed above the UPPT maintains infotmation about spatially aware user
profile items stored externally from the local database 232. The individual items that are
maintained in the UPPT may be populated and maintained using methods 1004-1008.
For example, to set a data link for an item/record to the UPPT table, one of the methods
1004-1008 may be utilized using one ot mote of the following parameters: a usetld, type
information, 2 name for the item, the item propetty value, and an optional geocoded
location.

[0152] Since a location bas;ed setvice is being provided by the system 200, the methods
1010-1014 utilize positional information. However, objects/tecords within external
databases 228-230 may not be LBS enabled. For example, location information (Le., 2
spatial/geocoded index) may not be associated with the objects. Nonetheless, most
objects stored within external databases 228-230 may have a location-like property. For

example, an external database 228-230 may contain 2 home address of a cellular
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subscriber but not a spatial index that identifies the location in space of the home
address.

[0153] To allow the methods 1010-1014 to utilize positional information, the positional
information for each record in database 228-230 may be stoted in the UPPT within the
LBS database 232 using the user profile manager 1000 and methods 1004-1008. Thus,
each record in the UPPT is uniquely identified by a key and contains positional
information (in the form of a spatial index such as a geocoded location) fot that record.
[0154] When deploying a system 200 of the invention, the spatial index may be
obtained for each recotd of each object in the external database 228-230. This spatial
index information along with a key for identifying each record ate then stored in the
UPPT. Alternatively, individual items/featutes/tecotds within UPPT may be added ot
deleted with approptiate positional information as desired. Unlike the mobile device
204, the information stored in the external data soutce 228-230 and associated positional
information changes infrequently. Accordingly, updates to the information within the
UPPT do not need to occut frequently and may be scheduled in longer intetvals.

[0155] Once the schema definition is initialized within system 200 and the UPPT is
populated, the user profile manager 1000 may be utilized to rettieve the relevant
information from the external database 228-230. Methods 1010-1014 may be utilized to
find and retrieve this information.

[0156] ‘Table 8 illustrates a user profile property table created by the uset profile

manager 1000 in accordance with one or more embodiments of the invention.

User ID Type Foreign Geometty
Key Value

John ADDRESS Raju aGeocodedLocation

John ADDRESS Scott aGeocodedLocation

John ADDRESS Tim aGeocodedLocation

e

TABLE 8

[0157] Each row/entry of Table 8 tepresents a record of an address object within
external database 228-230. While methods 1004-1008 may be utilized to set location
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properties and attributes for pattial records in the UPPT, the insertPropetty method 1016
is utilized to add a new entry (e.g., an address entry) to the UPPT. With the
insertProperty method 1016, a user ID identifies who is entering the information and the
type field indicates the type of information being enteted (i.e. as set forth in the foreign
item type schema definition of Table 7). The Foreign Key Value column contains the
foreign key for the actual address data for that user in the external database. However, in
the invention, the item values in the user profile ptopetty table are set to null, since the
data is stored in the external databases 228-230. Thus, the actual address data is not
stoted in the UPPT.

[0158] The key identifies the unique identifier for that entry. Such a key may be set
using a hash algorithm, may be set by the user, may be a combination of
columns/propetties, or may be set using any other methodology that can uniquely
identify a tecotd of an object in databasé 228-230. For example, in Table 8, the key
uniquely identifies the entry by a uset’s name (e.g., Raju, Scott, or Tim).

[0159] The geometry field of Table 8 contains optional positional infotmation from the
external database 228-230 stored as a geocoding index. The use of such positional
information makes the external database 228-230 LBS enabled theteby allowing spatial
queties to be performed on the data. As described above, when the system 200 is
deployed, this positional information is obtained and may be extracted from the records
in database 228-230. Thereafter, the positional information is stored in the UPPT.
Accordingly, the positional information comprises a location of the information stored in
the external database 228-230. For example, the geocoded location may identify the
location of the home address of one or more customets.

[0160] Once obtained, the location in the UPPT may then be used by an LBS setvice
to provide highly customized services. For example, using the geocoded location of the
home address of a patticular customer, when the customet is traveling towards home,
restaurants neat the customer’s home may be determined. Further, phone numbets and
houts for such restaurants, or maps based on the actual home address to the restaurant

may be supplied to the customert.
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[0161] Using the methods 1010-1014 and the UPPT, approptiate additional and
desited information (referred to as items or features) may be obtained from the external
databases 228-230. The methods 1010-1014 may be used to find multiple items/featutes
(e.g., using findItems 1010), items/features closest to a specific location (e.g., using
findItemsClosestT'o 1012 and specifying a Location), ot items/featutes within a certain
defined area (e.g, using findItemsWithin 1014 and specifying a Polygon that identifies an
area).

[0162] For example, to find items/features closest to the curtent user, the LBS
application may utilize the findItemsClosestTo method 1012 and supply a mobile
device’s 204 location. The method 1012 then teviews the UPPT geometry column to
loc;ate the closest location. Once the approptiate entries are identified, the key in the
entty identifies the appropriate entry in the extetnal database 228-230. The method may
then access the schema 234 to determine how to communicate with the external database
228-230 (e.g., using jdbcDataSoutce method 906) and the appropriate SQL select
statement to use to tetrieve the information (i.e., using sqlSelect 910). The key from the
UPPT is used with the SQL select statement to retrieve the additional profile information
from external database 228-230.

[0163] Similarly, the findItemsWithin method 1014 allows the user to specify a polygon
within which to find entries. The method 1014 examines the UPPT geometry properties
to locate locations within the specified polygon. Once the appropriate entties are
identified, the additional information may be retrieved from the external database 228-
230 using the sqlSelect statement 910 with the appropriate keys.

[0164] Accordingly, multiple schema definitions 234 set forth the definition of each
external database 228-230. To access the user profile information, the schema is added
to a list of schemas (i.e., the foreign item type schema definition). When initialized,
pottions of a uset’s profile information are extracted and stored in a uset profile property
table. Through an API, queries may be petformed to retrieve data (e.g., using standard
quetying mechanisms). If the data is locally available, then it is merely retrieved.
However, extended propetties that ate not locally available are fetched internally by

issuing a query (e.g., 2 JDBC™ [Java DataBase Connectivity] call) using the data from
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the schema 234 and UPPT. A JDBC™ call is an API call that allows a uset to access
virtually any tabular data source from the Java™ programming language. For example,
the user profile propetty manager may be utilized to access the UPPT and retrieve
additional user profile information from the external databases 228-230.

[0165] By using the user profile property table, the actual information (i.e., the item
information) remains in the extetnal databases 228-230. The SQL statement 910 may
then be used to rettieve information from the specified datasource 906 when desired.
[0166] Further, by storing location infotmation in the UPPT, location based setvices
may be offered without rettieving all of the user profile information from the external
databases 228-230. For example, if the location information identifies the location of the
uset, the location information may be utilized in the findItemsClosestTo method 1012 to
retrieve patticulat Jocations (e.g., landmarks, etc.) nearby. Additionally, since the location
of the user is known (e.g., using the locator adapter based system as described above),
the known device location can be used in combination with the retrieval of additional
profile information to offer customized services to the uset.

[0167] Accordingly, the LBS btidge enables the extension of location based setvices to
the large amount of profile information accumulated by witeless cattiets, phone
companies, etc. which in turn makes their setvices mote petsonalized and valuable to the

end uset.

Example of LBS Bridge
[0168] An example of the use of an LBS bridge occurs when a uset has an address

bools/contact list and other information stored in a relational database 228-230
separately from his LBS enabled data and/ ot locally stored user profile information. The
user may desite to view, seatch, and locate all of his contacts in the contact list.

[0169] 'To provide these capabilities, 2 link is setup between a locally stored item and
an external data soutce 228-230 item. Such a link may be established using the user
profile manager 1000. Spatial entties (i.e., location information) for the address book
items may need to be explicitly added to enable spatial queries. After establishing the

link, the item is a row in the user profile propetty table. To access the row, a user id
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(login ID), item type (e.g., “addtessList1”) and item ID (e.g., friend1). may be used.

[0170] The external data soutce item remains in a row in the external data source. To
access the row in the external data source, a foreign data soutce name (e.g., that identifies
the JDBC™ data source), and an SQL select statement (e.g., that exttacts the row from
the data soutce), all of which are stored in the schema definition 134, are needed.

[0171] Using an 222 API, relational and spatial querying of all resoutrces may be
petformed Since an AP is utilized, it is transparent to the user whether the data is
coming from a local data soutce (e.g., from within LBS database 232) ot whether the data
is coming from external data sources 228-230.

[0172] Using this system, usets may be responsible for managing the schemas (and
datalinks), populating the user profile propetty table (including spatial information for

each record) and updating spatial information when necessaty.

LBS Bridge Flow
[0173] FIG. 11 is a flow chart illustrating the use of the LBS bridge to extetnal data

sources in accordance with one or mote embodiments of the invention. At step 1100, a
schema definition 234 is inserted into the system 200. The schema definition 234 may be
inserted by a cattier 226 or any other party that desires to use an external database 228-
230 in the system 200. As described above, the schema definition comprises one ot
mote schema atttibutes, an SQL select statement that extracts properties from the
external database 228-230 when executed, and data soutce information that describes
how to connect and communicate with the external database. The insertion of the
schema definition may also include the creation of a schemg 234 list (also refetred to as a
foreign item type schema definition) at step 1102. Such a schema 234 list likely
comprises a table with schema 234 information/definition and a name ot reference for
the schema 234.

[0174] At step 1104, the LBS bridge of the system is deployed/initialized. The
deployment of the system comptises obtaining location information for each record of
data in external database 228-230 (that is represented by a schema definition 234) at step

1106. The obtained location information and a key for each record is then stored locally
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in a UPPT within an LBS database 232 at step 1108. At step 1110, an API for utilizing
the bridge to access information in external database 228-230 is provided.

[0175] 'To access the information, a method of the API is used. The method evaluates
the UPPT to determine appropriate records to retrieve (based on the location
information stoted within the UPPT). The key for the approptiate record(s) is then used
to retrieve mote detailed profile information from external database 228-230. The
method knows how to communicate and retrieve such information from the schema

definition 234 that contains the data source information and SQL select statement.

Conclusion
[0176] This concludes the desctiption of the preferred embodiment of the invention.
The following describes some alternative embodiments for accomplishing the present
invention. For example, any type of computet, such as a mainframe, minicomputet, ot
personal computer, of computet configuration, such as a timeshating mainframe, local
atea network, ot standalone personal computet, or an type of mobile device such as a
cellular phone, laptop computet, personal digital assistant, etc. could be used with the
present invention.
[0177] The foregoing desctiption of the preferred embodiment of the invention has
been presented for the purposes of illustration and description. Itis notintended to be
exhaustive or to limit the invention to the precise form disclosed. Many modifications
and vatiations are possible in light of the above teaching. Itis intended that the scope of
the invention be limited not by this detailed desctiption, but rather by the claims
appended hereto.
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WHAT IS CLAIMED IS:

1. An apparatus for locating 2 mobile device 204, comptising an application
programming interface (API) 222, executed by 2 computet, for providing a plurality of
simplified procedutes that allow an application program executed by the computer to
locate the mobile device 204, whetein:

(2) the application progtam invokes the simplified procedures of the API
222; and

(b) the invoked procedures obtain:

® a location of the mobile device 204 given an identification of the
mobile device 204, wherein:

) the invoked procedures interact with specifics fot a
mobile positioning setver 206 of a cattier 226 of the mobile device 204;
and

@) the invoked procedutes interact with different methods of
identifying the device 204 as required by the carrier 226;
(i) a description of a spatial reference system associated with the

location.

2. The apparatus of claim 1 wherein the invoked procedures interact with

different protocols.

3. The apparatus of claim 1 whetein the application program refines the

location of the mobile device 204 by applying a heuristic.

4. A method for accessing a netwotk 202 provided location of a mobile
device 204, comptising invoking one or more simplified ptocedures of an application
programming interface (API) 222 executed by a computet, wherein:

(a) the simplified procedutes allow an application program executed by the

computer to access the network 202 provided location of the mobile device 204; and
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(b) the simplified procedures of the API 222 obtain:
@ a location of the mobile device 204 given an identification of the
mobile device 204, wherein:
1) the invoked procedutes interact with specifics for a
5 mobile positioning server 206 of a cattier 226 of the mobile device 204;
and
@) the invoked procedures interact with different methods of

identifying the device 204 as requited by the cartier 226;

(i) a description of a spatial reference system associated with the
10 location.
5. The method of claim 4 wherein the invoked procedures interact with
different protocols.
15 6. The method of claim 4 further comprising refining the location of the

mobile device 204 by applying a heutistic.

7. A method for location enabling of uset’s profile information 228-230 in
an external database comprising:
20 storing a compact definition of a schema 234 of an external database, whetein the
external database comprises a uset’s profile information 228-230;
stoting data soutce information that describes how to connect and communicate
with the external database;
storing a structured query language (SQL) statement that, upon execution,

25  extracts propetties from the external database cotresponding to the compact definition

234,
stoting a foreign key that identifies a record in the external database;
stoting positional information for the record in the external database as a
geocoding index; and
30 providing access to the user’s profile information 228-230 using the stored
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compact definition 234, data soutce information, SQL statement, foteign key, and

positional information.

8. The method of claim 7 wherein the compact definition 234 of the
schema comprises a name of one or more attributes, a type for each attribute, and a

constraint for each attribute.

9. The method of claim 7 further comprising compating the positional
information to 2 location of a user’s mobile device 204 to provide customized setvices to

the uset.

10. An apparatus fot location enabling user profile information 228-230 in an
external database, comprising:

(a) a computer having a2 memory attached thereto, wherein the computet is
configured to communicate with an external database that comprises a uset’s profile
information 228-230;

() a location based setvices (LBS) database 232 stored in the memotry on the
computet;

(© an LBS application 210 executing on the computer, whetein the LBS

application 210 is configured to:

@ store a compact definition of a schema 234 of the external
database;
(i) store data soutce information that desctibes how to connect and

communicate with the external database;
(uid stote an SQL statement that, upon execution, extracts propetties
from the external database cotresponding to the compact definition 234;

(iv) stote, in the LBS database 232, a foreign key that identifies a
recotd in the external database;

) stote, in the LBS database 232, positional information for the

tecord in the external database as a geocoding index; and
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(vi)  provide access to the user’s profile information 228-230 using the
compact definition 234, data source information, SQL statement, foreign key,

and positional information.

11.  The apparatus of claim 10 wherein the compact definition of the schema
234 comptises a2 name of one or more attributes, a type for each attribute, and a

constraint for each attribute.

12. The apparatus of claim 10 whetein the positional information is
compared to a location of a user’s mobile device 204 to provide customized services to

the uset.

13. A method for refining an approximate device 204 location in a computet
system comprising:

determining an approximate location of a device 204;

reading a rule base that comprises an ordered collection of rules;

capturing an imprecise input;

processing the imprecise input to determine 2 magnitude of patticipation of the
input in the rules;

applying the rules to the imprecise input based on the magnitude of patticipation
to produce a logical product; and

computing a refined location based on the logical product.
14. The method of claim 13 further comprising:
gathering empirical data; and

progtessively refining the rule base based on the empitical data.

15.  The method of claim 13 wherein the rule base is configured to reflect

regional trends, social trends, or demographic trends.
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16. The method of claim 13 whetein one of the rules utilizes a logical

product in an antecedent to determine a consequent.

17. The method of claim 13 wherein a three-valued set is defined for each
imprecise input, wherein the three-valued set comptises a truth value, a false value, and

an uncertainty value.

18. The method of claim 13 whetein the refined location is computed by:
selecting the rule with the highest logical product; and
using a consequent corresponding to the selected logical product as the refined

location.

19. The method of claim 13 whetein the refined location comprises a list of

candidate locations.

20. An apparatus for refining an approximate device 204 location in 2
computet system comprising:

(2) a computer having a memory;

(®) an application executing on the computet, wherein the application 1is
configured to determine an approximate location of a device;

(© an inference engine executing on the computer, whetein the inference

engine is configured to:

@ read a rule base that comprises an ordered collection of rules;
(i captute an imprecise mnput;
(i process membership functions stored in the memory of the

computer, wherein the membership~ functions define a magnitude of participation
of the input in the rules;

(v)  apply the rules to the imprecise input based on the magnitude of
patticipation to produce a logical product; and

) compute a refined location based on the logical product.
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21. The apparatus of claim 20 whetein the application is further configured
to:
gather empitical data; and

“vessively refine the rule base based on the empirical data.

22. The apparatus of claim 20 whetein the rule base is configured to reflect

regional trends, social trends, ot demographic trends.

23. The appatatus of claim 20 wherein one of the rules utilizes 2 logical

product in an antecedent to determine a consequent.

24, The apparatus of claim 20 wherein a membetship function defines a
three-valued set for each imprecise input, wherein the three-valued set comptises a truth

value, a false value, and an uncettainty value.

25.  The appatatus of claim 20 wherein the inference engine is configured to
compute 2 refined location by:

selecting the tule with the highest logical product; and

using a consequent corresponding to the selected logical product as the refined

location.

26. The appatatus of claim 20 wherein the refined location comprises a list of

candidate locations.
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AMENDED CLAIMS

Received by the International Bureau on 13 May 2003 (13.05.2003)
original claims 1-26 replaced by amended claims 1-27.

1. An apparatus for locating a mobile device 204, comptising an application
ptogramming interface (API) 222, executed by a computer, for providing a plurality of
simplified procedures that allow an application program executed by the computer to
locate the mobile device 204, wherein:

(a) the application program invokes the simplified procedutes of the API
222; and

(b) the invoked procedures obtain:

@ 2 location of the mobile device 204 given an identification of the
mobile device 204, wherein:

1 the invoked procedures interact with specifics fot a
mobile positioning server 206 of a carrier 226 of the mobile device 204;
and

2 the invoked procedures interact with different methods of
identifying the device 204 as required by the catrier 226;
(i) a description of a spatial reference system associated with the

location.

2. The apparatus of claim 1 wherein the invoked procedures interact with

diffetent protocols.

3. The apparatus of claim 1 wherein the application progtam refines the

location of the mobile device 204 by applying a heuristic.

4. A method for accessing a network 202 provided location of a mobile
device 204, comprising invoking one or mote simplified procedutes of an application
programming interface (API) 222 executed by a computer, wherein:

(2) the simplified procedutes allow an application program executed by the

computet to access the network 202 provided location of the mobile device 204; and
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(b) the simplified procedures of the API 222 obtain:
® a location of the mobile device 204 given an identification of the
mobile device 204, wherein:
) the invoked procedutes interact with specifics for a
mobile positioning setver 206 of a cartier 226 of the mobile device 204;
and
) the invoked procedutes interact with different methods of

identifying the device 204 as required by the carrier 226;

(i) a description of a spatial reference system associated with the
location.
5. The method of claim 4 whetein the invoked procedures interact with
different protocols.

6. The method of claim 4 further comptising refining the location of the
mobile device 204 by applying a heuristic.

7. A method for location enabling of uset’s profile information 228-230 in
an external database comprising:

stoting a compact definition of a schema 234 of an external database, wherein the
external database comptises a uset’s profile information 228-230;

storing data soutce information that describes how to connect and communicate
with the external database;

storing a structured quety language (SQL) statement that, upon execution,
extracts properties from the external database cotresponding to the compact definition
234;

stoting a foreign key that identifies a record in the external database;

storing positional information for the record in the external database as a
geocoding index; and

providing access to the uset’s profile information 228-230 using the stored
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compact definition 234, data soutce information, SQL statement, foreign key, and

positional information.

8. The method of claim 7 whetein the compact definition 234 of the
schema comptises 2 name of one or more attributes, a type for each attribute, and a

constraint for each attribute.

9. The method of claim 7 further comptising comparing the positional
information to a location of a user’s mobile device 204 to provide customized setvices to

the uset.

10.  An apparatus for location enabling user profile information 228-230 in an
external database, comprising:

(2) a computer having 2 memoty attached thereto, wherein the computer is
configured to communicate with an external database that comprises a uset’s profile
information 228-230;

(®) a location based services (LBS) database 232 stored in the memory on the
computer;

(© an LBS application 210 executing on the computer, wherein the LBS
application 210 is configured to:

@ store a compact definition of a schema 234 of the external
database;
(i1) store data source information that describes how to connect and

communicate with the external database;
(i)  store an SQL statement that, upon execution, extracts propetties
from the external database corresponding to the compact definition 234;
‘ (iv) store, in the LBS database 232, a foreign key that identifies a
record in the external database;
) stote, in the LBS database 232, posiﬁonél information for the

record in the external database as a geocoding index; and
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(vi  ptovide access to the user’s profile information 228-230 using the
compact definition 234, data soutrce information, SQL statement, foreign key,

and positional information.

11. The apparatus of claim 10 whetein the compact definition of the schema
234 comptises a name of one or more attributes, a type for each attribute, and a

constraint for each attribute.

12. The appatatus of claim 10 whetein the positional information is
compared to a location of a uset’s mobile device 204 to provide customized services to

the user.

13. A method for refining an apptoximate device 204 location in 2 computer
system comprising:

determining an approximate location of a device 204;

reading a rule base that comprises an ordered collection of rules;

capturing an imprecise input;

processing the imprecise input to determine a magnitude of patrticipation of the
input in the rules;

applying the rules to the imprecise input based on the magnitude of participation
to produce a logical product; and

computing 2 refined location based on the logical product.

14, The method of claim 13 further comprising:
gathering empitical data; and

progressively refining the rule base based on the empirical data.

15. The method of claim 13 wherein the rule base is configured to reflect

regional trends, social trends, or demographic trends.
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16. The method of claim 13 wherein one of the rules utilizes a logical

product in an antecedent to determine a consequent.

17. The method of claim 13 wherein a three-valued set is defined for each
imprecise input, wherein the three-valued set comptises a truth value, a false value, and

an uncertainty value.

18. The method of claim 13 wherein the refined location is computed by:
selecting the rule with the highest logical product; and
using a consequent corresponding to the selected logical product as the refined

location.

19. The method of claim 13 wherein the refined location comprises a list of

candidate locations.

20.  An apparatus for refining an approximate device 204 location in a
computer system comprising:

(2) a computer having a memoty;

(b) an application executing on the computer, wherein the application is
configured to determine an approximate location of a device;

(© an inference engine executing on the computer, wherein the inference
engine is configured to:

® read a rule base that comptises an ordered collection of rules;

(i) capture an imprecise input;

(i)  process membership functions stored in the memory of the
computet, whetein the membership functions define a magnitude of participatidn
of the input in the rules;

(iv)  apply the rules to the imprecise input based on the magnitude of
participation to produce a logical product; and

W) compute a refined location based on the logical product.
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21.  The apparatus of claim 20 whetein the application is further configured
to:
gather empirical data; and

progtessively refine the rule base based on the empirical data.

22. The apparatus of claim 20 wherein the rule base is configured to reflect

regional trends, social trends, or demographic trends.

23, The appatatus of claim 20 wherein one of the rules utilizes a logical

product in an antecedent to determine a consequent.

24, The appatatus of claim 20 wherein a membership function defines a
three-valued set for each imprecise input, whetein the three-valued set comprises a truth

value, a false value, and an uncertainty value.

25. The apparatus of claim 20 wherein the inference engine is configured to
compute a refined location by:

selecting the tule with the highest logical product; and

using a consequent cotresponding to the selected logical product as the refined

location.

26. The appatatus of claim 20 wherein the refined location comptises a list of

candidate locations.

27. The method of claim 13 ot the apparatus of claim 20, wherein the
imptecise input is a location/proximity based input type, time based input type, ot

activity profile based input type.
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FIG. 3
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FIG. 4
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FIG. 11
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