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USER-DRIVEN CALIBRATION FOR LOCATION SYSTEM

Field of the Invention
[001] A system and method of calibrating a location system using user input.

Background

[002] Recently, there has been a proliferation of networking opportunities for users of
processor-based devices. For example, wireless network access points are available in
numerous locations to which users can connect processor-based devices to obtain
network connectivity. Additionally, wired network access points have become
commonplace in many locations, e.g., hotels, conference centers, and similar locations,
in addition to wireless capabilities which may be offered. These wireless and wired
network access points allow two or more processor-based devices communicate with

each other over the networks, either wired or wireless, connecting the devices.

[003] Based on the infrastructure involved, wired network access points are more fixed
in location in comparison with wireless network access clients. Wireless network
access points, having lower physical emplacement requirements, i.., dedicated cabling,
etc., and being easier to rearrange or redistribute by taking advantage of wired network

access points, are much easier and much more prone to relocation to different locations.

[004] Due to the vastly distributed nature of the network access points, both wired and
wireless, and the appearance and disappearance of individual access points, there is no
master listing of the physical location of each access point. Additionally, due to the
relatively transient nature of some network access points, it is difficult to maintain an

up-to-date listing of network access point locations.

[005] There is no easy, low-cost method for determining and updating the location of
network access points according to previous approaches. In order to access wired
network access points, a user needs to connect to the access point in order to report back
location and connection information. In some cases, wired network access points may

report their physical location over a network connection; however, this information may



WO 2006/128078 PCT/US2006/020639

not be correct or up-to-date and further, it may contain only a geo-coded latitude and
longitude-based location information. Latitude and longitude information is less useful
in many instances for users who typically do not remember lat/long locations and
instead rely on street addresses and relative addresses, €.g., “two blocks from the Police

Station on Main” or “1 mile North of the intersection of I-5 and I-15.”

[006] A current approach for determining the location of wireless network access
points is called “wardriving.” Wardriving is a process whereby a user with a wireless
processor-based device drives around an area and discovers wireless network access
points and records latitude and longitude locations of the access points. This process is
extremely time consuming and requires additional time and effort to set up and
maintain. Additionally, these approaches do not include a capability to automatically
update or “self-learn” changes to access point locations. Further, questions remain
regarding the legality of wardriving and further still, these approaches may not include
information on limited access and/or non-broadcast networks to which a user

wardriving may be unable to connect.

Summary

[007] Embodiments provide a system, method, and computer-readable medium
bearing instructions for calibrating a location system for network access points using

user input.

[008] A method embodiment includes calibrating a location system, including
receiving connection information regarding the connection of a device to a network and
querying a user to provide input regarding the physical location of the device. User
input is received regarding the physical location of the device connected to the network

and the connection information and user input is stored.

[009] Another method embodiment includes calibrating a location system using user
input, including receiving connection information regarding connection of adeviceto a
network and transmitting the connection information to a second device. A user of the
dcvice is queried for user input regarding a physical location of the device and the user
input regarding the physical location of the device is received. The received user input

is transmitted to a second device.
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[010] An apparatus embodiment of a location system calibrated based on user input
includes a processor and a memory connected to the processor. The memory stores
instructions which, when executed by the processor, cause the processor to transmit a
request for user input to a device connected to a network, responsive to receipt of
connection information from the device, and store connection information and user

input received from the device.

[011] A system embodiment for providing user input to calibrate a location system
includes a processor and a memory connected to the processor. The memory stores
instructions which, when executed by the processor, cause the processor to query a user
for user input regarding the physical location of a first device connected to a network, in
response to a request from a second device having received connection information
from the first device. The processor transmits user input received from the user to the

second device.

[012] Another system embodiment for calibrating a location system based on user
input includes receiving means, transmitting means, and storing means. The receiving
means receives connection information regarding the conmection of a device to a
network and user input regarding the physical location of the device connected to the
network. The transmitting means transmits a request to the device to query the user for
the user input. The storing means stores the received connection information and user

input received by the receiving means.

[013] Still other advantages will become readily apparent to those skilled in the art
from the following detailed description, wherein the preferred embodiments are shown
and described, simply by way of illustration of the best mode contemplated. As will be
realized, other and different embodiments are possible, and several details are capable

of modifications in various obvious respects, all without departing from the scope.

Description of the Drawings

[014] Embodiments are illustrated by way of example, and not by limitation, in the
figures of the accompanying drawings, wherein elements having the same reference

numeral designations represent like elements throughout and wherein:

FIG. 1is a high level system diagram in which an embodiment may be used;
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FIG. 2 is a high level process flow diagram of client software functionality in

accord with an embodiment;

FIG. 3 is a block diagram of computer system on which the process flow of FIG.

2 may be executed;

FIG. 4 is a high level process flow diagram of server software functionality in

accord with an embodiment;

FIG. 5 is a block diagram of a computer system on which the process flow of

FIG. 4 may be executed;

FIG. 6 is a first interaction diagram of an initial connection and update

embodiment;
FIG. 7 is a second interaction diagram of a server-initiated update embodiment;
FIG. 8 is a third interaction diagram of a query embodiment; and

FIG. 9 is a fourth interaction diagram of a two client connection embodiment.

Detailed Description

[01S] In contrast with the above-described approaches, the mechanism of the present
invention provides a location system for network access points which is calibrated by

user input.

System overview

[016] In accordance with one embodiment, FIG. 1 depicts a mobile computer system
(MCS) 100, e.g., a laptop, handtop, palmtop, mobile telephone, or other transportable
computer system, located in a wireless network area 102 and connected wirelessly to a
wireless access point (WAP) 104 generating the wireless network area. WAP 104, in
turn, is connected via a wired connection to a network 106 and thereby to a server 108.
WAP 104 broadcasts a signal to and receives a signal from wireless devices located

within wireless network area 102. Mobile computer system 100 wirelessly connects to
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WAP 104 and receives information from the WAP regarding the connection of mobile
computer system 100 to WAP 104. A user of mobile computer system 100 inputs
information regarding the physical location of the mobile computer system and the
mobile computer system provides the received user input, i.e., location information, and
connection information to server 108 via the wireless connection to WAP 104 and
thereon via network 106. Server 108 stores the received user input and comnection
information to a data store 110 within the server. In this manner, user iput, i.e.,
location information, regarding mobile computer system 100 is obtained and stored in

data store 110, as well as, other information regarding WAP 104.

[017] In the above-described embodiment, MCS 100 executes client software
(described below in connection with FIG. 2) for receiving location and connection
information and transmitting the information to server 108. Server 108 executes server
software (described below in connection with FIG. 4) for receiving and storing the
location and connection information from MCS 100. In alternate embodiments, server
108 includes server software for querying client software on MCS 100 to obtain and
update location and connection information previously provided to server 108. In one
embodiment, server 108 determines the timing and content of the query provided to the
user via MCS 100. For example, server 108 determines whether to present a request for
location information to a user in the form of an entry field, e.g., for receiving a text
entry, in the form of a list of selections, e.g., previously-provided or preset locations, or
not to request location information from the user at a particular time and/or location,
e.g., to avoid user aggravation. Further, server 108 may present a map or other location
presentation mechanism to the user via MCS 100 and request the user to confirm or
refine the presented location. In accordance with the foregoing embodiment, server 108
may utilize human interaction and psychological factors in determining the timing,
frequency, and content of querying the user of MCS 100 to provide location

information.

[018] In a further embodiment, server 108 includes server software for responding to
information queries received from network-connected processor-based devices, e.g.,
MCS 100, a second MCS 112, desktop computer system 114 (described below), or other

devices. For example, second MCS 112 may be physically located in wireless network
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area 102 being wirelessly connected to WAP 104, and a desktop computer system 114

may be connected by wire to network 106.

[019] In one embodimént, a second user located at desktop computer system 114
manipulates the computer system to query server 108 and obtain information stored in
data store 110 for display using the desktop computer system. For example, the second
user manipulates desktop computer 114 to cause the generation and transmission to
server 108 of a query regarding location information stored in data store 110 regarding
the physical location of MCS 100. In response {o receipt of the query, server 108
retrieves the location information from data store 110 and transmits the location
information to desktop computer system 114 via network 106 for display to the user.
For example, server 108 retrieves the requested location information, and transmits a

formatted web page to desktop computer system 114 for viewing by the user.

[020] Further still, FIG. 1 depicts MCS 100 at different times located at different
locations and respectively connected to network 106 via a wired connection 128 and a
second wireless connection 116 within wireless network area 118. More specifically,
after the user relocates (depicted by dashed line 122) MCS 100 from a first location
within wireless network area 102 to a second location generally indicated by reference
numeral 124, the user connects the MCS to a wired connection 126 provided by a wired
network access point (WNAP) 128, e.g., a dial-up, broadband, or other wired network
connection capability. Wired connection 126 provides connectivity to server 108 via

the connection of WNAP 128 to network 106.

[021] After MCS 100 connects to WNAP 128, the MCS transmits connection
information and location information reflecting the new connection and location to
server 108 for storage in data store 110. The updated connection and location
information reflects the new location of MCS 100, as well as, provides additional
information regarding WNAP 128 in addition to the previously provided WAP 104
information. User-provided information, e.g., at least the user-supplied physical
location input (as described below), aids in determining both the location of MCS 100
(and the user of the MCS) and access points, such as WAP 104 and WNAP 128.

[022] In accordance with an above-described embodiment, server 108 determines the

timing and content of the query presented to the user via MCS 100. For example, if
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MCS 100 has previously connected to WNAP 128, server 108 may be able to perform a
lookup based solely on provided connection information and not require location
information from the user. In an other embodiment, server 108 may request

confirmation of previously provided location information.

[023] At some point in time, the user relocates (depicted by dashed line 130) MCS 100
from second location 124 to a third location within wireless network area 118. For
example, the user may relocate MCS 100 to a second WAP 116 which is connected via
a wired connection to network 106. Second WAP 116 generates a wireless network
area 118, similar to wireless network area 102, within which may be located and
connected thereto a third MCS 120. MCS 100 establishes a second wireless conmection
to WAP 116 and thereby to server 108 via the connection of WAP 116 to network 106.

[024] After MCS 100 connects to WAP 116, the MCS transmits connection
information and location information reflecting the new connection and location to
server 108 for storage in data store 110. The updated comnection and location
information reflects the new location of MCS 100, as well as, provides information
regarding WAP 116 in addition to the previously provided WAP 104 and WNAP 128

information.

[025] Similar to the above-described other embodiment, server 108, in an other
embodiment, determines the timing and content of the query presented to the user via
MCS 100.

[026] In this manner, as MCS 100 relocates to different locations and reports
connection and location information to server 108, access point information is gathered
and stored in data store 110. Consequently, location and connection information
regarding MCS 100 is also gathered and stored in data store 110. Further, as MCS 100
returns to previously visited locations, e.g., returns to wireless network area 102 via
dash-double-dot line 132, connection and location information for the previously visited
access points such as WAP 104 are compared with stored connection and location
information in data store 110 and updates are performed. Additionally, as described
below in further detail, subsequent visits to locations provide additional opportunity to
refine existing location information. Further still, subsequent visits to locations

previously visited by another user of a different MCS, e.g., MCS 112, may be used
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and/or refined through the interaction of the user of MCS 100 and server 108. That is,
server 108 uses previously provided location information from an earlier user to visit a

location in order to query a later user visiting the same location.

[027] The terms "mobile computer system" as used herein are intended to include
computing devices which are transportable by users from one physical location to
another. Examples of such devices include a laptop, a personal digital assistant, a
handtop, a palmtop, mobile telephone, or other transportable computing device capaﬁle

of accessing a wired or wireless network.

[028] The terms "wireless network" and "wireless access point” as used herein are
intended to include wireless forms of communication between at least two devices.
Examples of such devices include cellular or PCS, satellite, Bluetooth, infrared, WiFi,

and other similar types of wireless communication mechanisms.

[029] Network 106 is intended to include any type of communication connection
between the least two devices. Examples of network 106 include a wide area network
(WAN), a local area network (LAN), a point-to-point network, an intranet, a collection
of networks generally referred to as the Internet, and other similar networks. Existing

and future network types are suitable for use with the described embodiments.

[030] With respect to the architecture depicted in FIG. 1, MCS 100, second MCS 112,
third MCS 120, and desktop computer system 114 may be viewed as clients of server
108. In an alternate embodiment, one of the clients 100, 112, 120, 114 replaces server

108 in FIG. 1 and assumes a server role.

Client software

[031] FIG. 2 depicts a high level process flow diagram of a client portion 200 of an
embodiment for execution on a computer system, e.g. MCS 100. MCS 100 is described
in more detail below with respect to FIG. 3. The process flow starts at step 202 wherein
processor 304 (FIG. 3) executes sequences of instructions representing client portion
200 and process flow proceeds to step 204. In Step 204, processor 304, executing
instructions and communicating with communication interface 318 (FIG. 3), determines
whether a connection has been established with a network, e.g., a wireless or wired

connection to a network such as the wireless connection of mobile computer system 100
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to WAP 104 of FIG. 1. If a network connection has not been established, the process

flow proceeds to step 206 and ends.

[032] On the other hand, if a network connection has been established, processor 304
executes instructions to determine connection information. The terms "connection
information” as used herein are intended to include any information available
concerning the connection of MCS 100 to a network such as WAP 104. Examples of
connection information include a user identity, an access point identity, e. g, a MAC
address, a timestamp, e.g., a current time, a connection time, and a disconnection time
from the previous connection, and if available a network type, e.g., wireless or wired.
Further information may be detected based on the connection type, e.g., signal related
parameters for wireless networks, such as signal strength, signal coverage, signal-to-
noise ratio, and error rate parameters. Additional exemplary information includes
system identifier, network identifier, and base identifier for code division multiple
access (CbMA) systems and mobile country code, mobile network code, location area
identifier, and cell identifier for global system for mobile communications (GSM), and

other similar identifying information for other systems.

[033] After detection of connection information, the process flow proceeds to step 208
and processor 304 transmits the connection information to server 108 via network 106.
In one embodiment, MCS 100 connects to and authenticates with server 108 pribr to
transmitting connection information to the server, e.g., by transmission of a user name

and/or password.

[034] The flow of control proceeds to step 210 and processor 304 dﬁves display 312
(FIG. 3) to display a query to the user of MCS 100 to input physical location
information regarding the MCS. In one embodiment as described above, server 108
determines the timing and content of the location information query presented to the
user of MCS 100.

[035] The terms "physical location information” as used herein are intended to include
any information provided by the user describing or defining the physical location at
which MCS 100 is located. Examples of such information include an address or part of
an address such as a street name, city, state, building or house number, and other

address types, a relative location such as a position with respect to a landmark for an
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area. For example, a user may supply an input such as "Sunnyvale, California," "3231

Hollenbeck, Sunnyvale, California," "the Starbucks in Sunnyvale.”

[036] In one embodiment, processor 304 provides a list of preset physical locations
from which the user selects for input. The list of preset physical locations may be
predetermined from location information stored in memory of MCS 100 and/or may
include previously input physical locations. In another embodiment, processor 304 uses
the connection information obtained in step 208 in combination with stored connection
information and location information from previous connections in order to match the

current connection with a previous connection and thereby provide the previous location
 information entered by the user as an initial default value for input by the user. In a

further embodiment, the preset physical locations may be obtained from server 108.

[037] After receipt of user input, processor 304 proceeds to step 212 and transmits the
location information to server 108 via network 106 and communication interface 313.
The flow of control proceeds to step 214 wherein processor 304 determines whether a
new network connection is established. The step 214 determination may be performed
on a periodic basis or as a result of receipt of a message from server 108 instructing

processor 304 to perform the step 214 determination.

[038] If the result of step 214 is positive the flow control returns to step 204 and the
process proceeds as described above. Following this flow results in new or updated
connection and location information being collected and transmitted by processor 304 to

server 108.

[039] If the result of step 214 is negative, the flow control proceeds to step 210 and
proceeds as described above. Following this flow results in confirmation or update of
location information. In one exemplary embodiment, the user is iteratively queried to
refine the provided location information. In this manner, broad, generic or possibly
conflicting location information entries may be mnarrowed, differentiated, and/or

disambiguated from each other.

[040] In one alternate embodiment, if the result of step 214 1is negative, the flow of
control proceeds to step 216 (dashed line) and the MCS wais to receive a query for the

user from server 108. Server 108, as described above, determines the timing and
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content of the query and upon receipt of the query by MCS 100, the flow of control

proceeds to step 210 and the user is presented with the received query.

Client hardware

[041] FIG. 3 is a high level block diagram of a computer system, such as MCS 100,

upon which client portion 200 may be implemented.

[042] MCS 100 includes a bus 302 or other communication mechanism for
communicating information, and a processor 304 coupled with the bus 302 for
processing information. MCS 100 also includes a main memory 306, such as a random
access memory (RAM) or other dynamic storage device, coupled to the bus 302 for
storing location information and connection information, and instructions to be executed
by processor 304. Main memory 306 also may be used for storing temporary variables
or other intermediate information during execution of instructions to be executed by
processor 304. MCS 100 further includes a read only memory (ROM) 308. or other
static storage device coupled to the bus 302 for storing static information and
instructions for the processor 304. A storage device 310, such as a magnetic disk or
optical disk, is provided and coupled to the bus 302 for storing location information,

connection information, and instructions.

[043] MCS 100 may be coupled via the bus 302 to a display 312, such as an integrated
flat panel display, for displaying information to and prompting for information from the
user. An input device 314, including alphanumeric 'and function keys, is coupled to the
bus 302 for communicating information and command selections to the processor 304.
Another type of user input device is cursor control 316, such as a mouse, a trackball, or
cursor direction keys for communicating direction information and command selections
to processor 304 and for controlling cursor movement on the display 312. This input
device typically has two degrees of freedom in two axes, a first axis (e.g., x) and a

second axis (e.g., y) allowing the device to specify positions in a plane.

[044] An embodiment is related to the use of MCS 100, such as the illustrated system
of FIG. 3, to enable user-driven calibration for a location system for network access
points. According to one embodiment, connection information and location information

are provided to MCS 100 in response to processor 304 executing sequences of
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instructions contained in main memory 306 in response to input received via input
device 314, cursor control 316, or communication interface 318. Such instructions may
be read into main memory 306 from another computer-readable medium, such as

storage device 310.

[045] However, the computer-readable medium is not limited to devices such as
storage device 310. For example, the computer-readable medium may include a floppy
disk, a flexible disk, hard disk, magnetic tape, or any other magnetic medium, a CD-
ROM, any other optical medium, punch cards, paper tape, any other physical medium
with patterns of holes, a random access memory (RAM), a programmable read only
memory (PROM), an electrically programmable read-only memory (EPROM), a
FLASH-EPROM, any other memory chip or cartridge, a carrier wave embodied in an
electrical, electromagnetic, infrared, or optical signal, or any other medium from which
a computer can read. Execution of the sequences of instructions contained in the main
memory 306 causes the processor 304 to perform the process steps described below. In
alternative embodiments, hard-wired circuitry may be used in place of or in
combination with computer software instructions to implement the invention. Thus,
embodiments of the invention are not limited to any specific combination of hardware

circuitry and software.

[046] MCS 100 also includes a communication interface 318 coupled to the bus 302.
Communication interface 318 provides two-way data communication. For example,
communication interface 318 may be an integrated services digital network (ISDN)
card, a digital subscriber line (DSL) card, or a modem to provide a data communication
connection to a corresponding type of telephone line. As another example,
communication interface 318 may be a local area network (LAN) card to provide a data
communication connection to a compatible LAN. As described above, wireless links
may also be implemented, e.g., IEEE 802 standard wireless connections, and other
wireless connections. In any such implementation, communication interface 318 sends
and receives electrical, electromagnetic or optical signals which carry digital data
streams representing various types of information. ~Of particular note, the
communications through interface 318 may permit transmission or receipt of connection

information and location information. For example, two or more MCS 100 may be
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networked together in a conventional manner with each using the communication

interface 318.

[047] Network link 320 typically provides data communication through one or more
networks to other data devices. For example, network link 320 may provide a
connection through network 106 to a server 108 or to another device, e.g., desktop
computer system 114. The signals through the various networks and the signals on
network link 320 and through communication interface 318, which carry the digital data
to and from MCS 100, are exemplary forms of carrier waves transporting the

information.

[048] MCS 100 can send messages and receive data, including program code, through
the network(s), network link 320 and communication interface 318. In the Internet
example, a server 108 might transmit a requested code for an application program
through Internet, e.g., network 106, network link 320, and communication interface 318.
In accordance with one embodiment, one such downloaded application provides for

user-driven calibration for a location system for network access points.

[049] The received code may be executed by processor 304 as it is received, and/or
stored in storage device 310, or other non-volatile storage for later execution. In this

manner, MCS 100 may obtain application code in the form of a carrier wave.

Server software

[050] FIG. 4 depicts a high-level process flow diagram of a server portion 400 of an
embodiment for execution on a computer system, e.g., server 108. Server 108 is
described in more detail below with respect to FIG. 5. By executing instructions stored
in memory, processor 504 (FIG. 5) performs the process steps depicted with respect to
server portion 400 in FIG. 4. Server portion 400 is also referred to as the location
manager software, or alternatively location manager. Processor 500 executing server
portion 400 waits for input at step 402. Input is typically received via communication
interface 518; however, in one or more embodiments input may be received via input
device 514 and/or cursor control 516. In another embodiment, server portion 400
transmits a query to MCS 100 to obtain a most recent location update, e.g., in response

to a query received from desktop computer system 114,
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[051] Upon receipt of connection information from MCS 100 (as described above in
connection with FIG. 2) via network 106 and communication interface 518, processor
504 proceeds to step 404 and receives the connection information. Processor 504 then
proceeds to step 406 and stores the connection information in data store 110. Processor
504, following the flow of control, proceeds to step 402 wherein the executing server

portion 400 awaits further input.

[052] Upon receipt of location information from MCS 100 (as described above in
connection with FIG. 2) via network 106 and communication interface 518, processor
504 proceeds to step 408 and receives the location information. Processor 504 then
proceeds to step 410 and stores the location information in data store 110. The flow of
control then returns to step 402 wherein the server portion 400 executed by the

processor awaits further input.

[053] Upon receipt of a query from desktop computer system 114 (as described below)
via network 106 and communication interface 518, processor 504 proceeds to step 412
and receives and executes the query in connection with data store 110. Processor 504
then proceeds to step 414 and transmits the results of the query to desktop computer

system 114 via communication interface 518 and network 106.

[054] In an alternate embodiment, after server 108 stores the received connection
information at step 406, processor 504 proceeds to optional step 407 (dashed line)
wherein the processor determines whether to transmit via communication interface 618
a query to MCS 100 causing the mobile computer system to query the user for location
information (steps 216 and 210 of FIG. 2). As described above, server 108 determines
the timing and content of the query transmitted to MCS100. Upon receipt of user input
location information, processor 504 proceeds to step 408 and the flow of control

proceeds as described above.

Server hardware

[055] FIG. 5 is a block diagram illustrating an exemplary server 108 upon which an

embodiment such as server portion 400 may be implemented.

[056] Server 108 includes a bus 502 or other communication mechanism for

communicating information, and a processor 504 coupled with the bus 502 for
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processing information. Server 108 also includes a main memory 506, such as a
random access memory (RAM) or other dynamic storage device, coupled to the bus 502
for storing transaction and interaction data, and instructions to be executed by processor
504. Main memory 506 also may be used for storing temporary variables or other
intermediate information during execution of instructions to be executed by processor
504. Server 108 further includes a read only memory (ROM) 508 or other static storage
device coupled to the bus 502 for storing static information and instructions for the
processor 504. A storage device 510, such as a magnetic disk or optical disk, is
provided and coupled to the bus 502 for storing transaction and interaction data,
inventory data, orders data, and instructions. In one embodiment, data store 110 is a
part of storage device 510. 'Tn another embodiment, data store 110 is an additional

storage device in addition to storage device 510.

[057] Server 108 may be coupled via the bus 502 to an optional display 512 (dot-dash.
line), such as a cathode ray tube (CRT) or a flat panel display, for displaying
information to and prompting for information from the user. An optional input device
514 (dot-dash line), including alphanumeric and function keys, may be coupled to the
bus 502 for commurﬁcating information and command selections to the processor 504.
Another type of optional user input device is cursor control 516 (dot-dash line), such as
a mouse, a trackball, or cursor direction keys for communicating direction information
and command selections to processor 504 and for controlling cursor movement on the
display 512. This input device typically has two degrees of freedom in two axes, a first
axis (e.g., x) and a second axis (e.g., y) allowing the device to specify positions in a

plane.

[058] An embodiment is related to the use of server 108, such as the illustrated system
of FIG. 5, to enable user-driven calibration for a location system for network access
points. According to one embodiment, connection information and location information
are provided to server 108 in response to processor 504 executing sequences of
instructions contained in main memory 506 in response to input received via input
device 514, cursor control 516, or communication interface 518. Such instructions may
be read into main memory 506 from another computer-readable medium, such as

storage device 510.
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[059] However, the computer-readable medium is not limited to devices such as
storage device 510. For example, the computer-readable medium may include a floppy
disk, a flexible disk, hard disk, magnetic tape, or any other magnetic medium, a CD-
ROM, any other optical medium, punch cards, paper tape, any other physical medium
with patterns of holes, a RAM, a PROM, an EPROM, a FLASH-EPROM, any other
memory chip or cartridge, a carrier wave embodied in an electrical, electromagnetic,
infrared, or optical signal, or any other medium from which a computer can read.
Execution of the sequences of instructions contained in the main memory 506 causes
the processor 504 to perform the process steps described above. In alternative
embodiments, hard-wired circuitry may be used in place of or in combination with
computer software instructions to implement the embodiment. Thus, embodiments are

not limited to any specific combination of hardware circuitry and software.

[060] Server 108 also includes a communication interface 518 coupled to the bus 502.
Communication interface 508 provides two-way data communication. For example,
communication interface 518 may be an integrated services digital network (ISDN)
card, a digital subscriber line (DSL) card, or a modem to provide a data communication
connection to a corresponding type of telephone line. As another example,
communication interface 518 may be a local area network (LAN) card to provide a data
communication connection to a compatible LAN. Wireless links may also be
implemented. In any such implementation, communication interface 518 sends and
receives electrical, electromagnetic or optical signals which carry digital data streams
representing various types of information. Of particular note, the communications
through interface 518 may permit transmission or receipt of connection information and
location information. For example, two or more computer systems 108 may be
networked together in a conventional manner with each using the communication
interface 518. Additionally, more than one MCS may communicate with server 108 at

one time over interface 518.

[061] Network link 520 typically provides data communication through one or more
networks to other devices. For example, network link 520 may provide a connection
through network 106 to MCS 100 or desktop computer system 114. Network 106 uses
electrical, eleciromagnetic or optical signals which carry digital data streams. The
signals through the various networks and the signals on network link 520 and through
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communication interface 518, which carry the digital data to and from server 108, are

exemplary forms of carrier waves transporting the information.

[062] Server 108 can send messages and receive data, including program code,
through the network(s), network link 520 and communication interface 518. In an
Internet example, server 108 might transmit a requested code for an application program
through network 106, network link 520, and communication interface 518. In
accordance with.the invention, one such downloaded application provides for user-

driven calibration for a location system for network access points.

[063] The received code may be executed by processor 504 as it is received, and/or
stored in storage device 510, or other non-volatile storage for later execution. In this

manner, server 108 may obtain application code in the form of a carrier wave.

Query/result interaction

[064] Desktop computer system 114, similar to MCS 100 described and depicted in

FIG. 3, communicates with server 108 via network 106. Desktop computer system 114 |
includes a processor and memory storing instructions for execution by the processor
similar to MCS 100. Executable software stored in memory enables a user of desktop
computer system 114 to transmit one or more queries to server 108 regarding

information stored in data store 110.

[065] In one embodiment, executable software includes database access tools for
directly querying data store 110 from desktop computer system 114 and displaying the
results on an attached display to the user at the desktop computer system. In another
embodiment, executable software includes a browser-type software enabling access to
functionality provided by server 108, e.g., via a web-based query submission form, for
the user to create and submit queries to be executed by server 108 and receive and
display query results from the server on a display to the user. It will be understood by
persons skilled in the art that additional query and response mechanisms are available
without departing from the scope of the embodiments described herein. It is further
understood that other networked devices, e.g., MCS 100, second MCS 112, and server
108 may be used in alternate embodiments to query data store 110 and provide results

of the query to a user.
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[066] In one example, a user at desktop computer system 114 issues a query for the
most recent location of a particular user as stored in data store 110. Server 108 receives
and executes the query (step 412 of FIG. 4) on the connection and location information
stored in data store 110. Then, server 108 transmits the query results to desktop
computer system 114 (step 414 of FIG. 4) for display to the user. For example, the user
at the desktop computer system 114 may enter the name of a user of a MCS 100 into a
web-based form in a web browser and cause issuance of the query to server 108. Server
108 formats the query into a web page including the location information associated
with the user, such as a map image identifying the location of the requested user with an
indicator icon, as described below. Upon receiving the query result from server 108,
desktop computer system 114 displays the location information, such as the map image
in the web browser to the user. Additional embodiments for creating queries and
displaying query results to users will be understood to persons skilled in the art. For
example, based on receipt of time information from MCS 100 in conjunction with
connection information and/or location information, server 108 may construct a time

history of the connection locations of the MCS.

[067] In another embodiment, in order to obtain up-to-date connection and/or location
information, server 108 transmits a query to MCS 100 either in addition to or in place of
querying data store 110, as described above. Upon receipt of the query from server 108,

MCS 100 transmits the current connection and/or location information to the server.

Examples

[068] A first example of operation of an above-described embodiment is now
described in conjunction with the interaction diagram of FIG. 6. FIG. 6 is a high level
interaction diagram depicting the flow of requests and responses between MCS 100,
WAP 104, and server 108 according to the processes described above. With respect to
FIG. 6, time proceeds down the page from top to bottom as indicated by reference arrow
A.

[069] After establishing a network connection to WAP 104, MCS 100 transmits a
WAP connection information request message 602 to the WAP, or in an alternate
embodiment to the client hardware responsible for maintaining the connection to the

WAP, requesting connection information regarding the established network connection.
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Exemplary types of WAP connection information requested are as described above in
connection with connection information, e.g., WAP 104 MAC address, average signal-
to-noise ratio, signal strength, bit error rate, and data rate related to the WAP. WAP 104
responds to request message 602 with a reply message 603 including the requested

WAP connection information.

[070] MCS 100, after receipt of the requested connection information, transmits the
WAP connection information message 604 to server 108. Server 108 stores the
received connection information in data store 110 for subsequent processing. Server
108 optionally transmits location information request message 605 to MCS 100 causing

the MCS to request location information be input by a user of the MCS.

[071] At processing loop 606, MCS 100 queries the user to input the requested
location information as described above. For example, processor 304 drives display 312
to present a window or other user interface element requesting the user to input a text
description of the physical location of WAP 104. In alternate embodiments,, the user
inputs the location of WAP 104 and/or MCS 100. After receiving the user input
location information, MCS 100 transmits a location information message 607 to server
108.

[072] Upon receipt of location information message 607, server 108 stores the
received location information in data store 110 for subsequent processing. In one
embodiment, server 108 stores the location information and connection information in a
database enabling sorting, retrieval, and further analysis of the stored information. In
another embodiment described previously, server 108 determines the timing and content

of the query provided by MCS 100 to the user for the location information.

[073] The flow of requests and responses depicted in FIG. 6 is performed for each
connection of MCS 100 to a network enabling access to server 108. In this manner,
location information and connection information regarding one or more access points

and the physical location of the access points is determined.

[074] In a further embodiment, depicted by dashed line messages 602-607, MCS 100
requests updates to the previously received location information and connection
information and transmits updated information, if any, to server 108. According to one

embodiment, a predetermined time period 608 elapses prior to MCS 100 requesting: (1)
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updated connection information via connection information request message 602 to
WAP 104; and (2) updated location information via location information request
message 606 to the user. Alternate embodiments in which different periods are used for
requesting location information and connection information are within the present
scope. Additionally, an explicit change of network connection, e.g., the user moving
the MCS 100 from within wireless network area 102 to either second location 124 or
wireless network area 118, causes MCS 100 to transmit messages 602-607 in another

embodiment.

[075]) Further, after connection information and location information have been
obtained, each information set may be updated separately, e.g., at different rates and

time periods, and in differing order from that depicted in FIG. 6.

[076] FIG. 7 is a high level interaction diagram depicting the flow of requests and
responses between MCS 100, WAP 104, server 108, and an external database of
locations, e.g., stored on desktop computer system (DCS) 114 according to another
embodiment. Similar to FIG. 6, time proceeds down the page from top to bottom as

indicated by reference arrow A.

[077] Assuming a network connection has been established, server 108 transmits
location request message 605 to MCS 100 as described above in order to obtain location
information from the MCS user. Similar to FIG. 6, MCS 100 displays a query to the
user requesting location information via processing loop 606 and then transmits the
received user input location information to server 108 using location information

message 607.

[078] Upon receipt of location information message 607 in this embodiment, server
108 transmits location lookup message 702 to DCS 114 via network 106 and requests
the DCS to perform a lookup of the user input location information provided. DCS 114
accesses additional location information stored in memory at the DCS in order to
determine whether the user input location information is able to be refined, e.g., is there
more than one physical location described by the user input? For example, a user input
location information may include the string, “I’'m at the Starbucks in Sunnyvale.” DCS

114 performing a lookup of the string determines two physical locations matching the
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user input: a Starbucks on Hollenbeck in Sunnyvale and a Starbucks on Mary in

Sunnyvale. DCS 114 transmits a location lookup results message 703 to server 108.

[079] In an alternate embodiment, server 108 provides a map displaying possible
locations to MCS 100 which in turn queries the user to select or refine_the appropriate
location. For example, the user can be presented with a map, whereupon the user can

click on the appropriate point on the map to indicate his present position.

[080] Upon receipt of the location lookup results message 703, server 108 transmits a
refine location message 704 to MCS 100 in order that the user may refine the location
information provided. MCS 100 prompts the user via processing loop 705, similar to
processing loop 606, to refine the previously provided user input location information.
After receipt of user input providing refined location information, MCS 100 transmits
the refined location information to server 108 via a location information message 706.
In one embodiment, location information message 706 is identical to location

information message 607.

[081] Multiple iterations of refining the user input locatiﬁn information are possible in
alternate embodiments. In another embodiment, the functionality described above with
respect to DCS 114 is performed by server 108 accessing data store 110. In a further
embodiment, the functionality described above with respect to DCS 114 is performed
by MCS 100 accessing either an internal data store or a network-accessible data store in

order to refine the user input location information prior to submission to server 108.

[082] In a still further embodiment, the determination regarding requesting refined
location information from the user is a function of the location information stored in
data store 110. For example, if server 108 determines that the provided user input
location information uniquely identifies at most one location information stored in data

store 110, then the server need not request refined location information from the user.

[083] FIG. 8 is a high level interaction diagram depicting the flow of requests and
responses between DCS 114 and server 108 in another embodiment describing a user at
the DCS requesting location information from the server. Similar to FIGs. 6 and 7, time

proceeds down the page from top to bottom as indicated by reference arrow A.
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[084] A user at DCS 114 transmits a user location request message 802 to server 108
via network 106. User location request message 802 identifies a specific user, e.g., a
user of a MCS 100, the location of which the DCS user desires to know. Upon receipt
of the user location request message 802, server 108 performs a query (processing loop
803 of FIG. 8) of data store 110 for the specific user identified in user location request
message 802. If a matching entry is returned from data store 110, server 108 transmits a

user location information message 804 to DCS 114.

[085] In one embodiment, server 108 transmits additional location-related information
to DCS 114, e.g., a map including an indicator of the specific user’s most recent
location, a web page formatted for displaying the most recent location of the specific
user. In another embodiment, server 108 transmits a map presenting a time history

and/or location history of the specific user.

[086] Further, in another embodiment, server 108 performs a lookup via internal or
external data store to refine or include additional information regarding the specific usef
location. For example, data store 110 may include location information for a specific
user indicating the most recent location was “Starbucks at the comer of Mary and
Fremont in Sunnyvale, CA.” Server 108 supplements the location information with
additional information including a geocoded location for the business and generating a
graphical map displaying the particular location and information about the business,
€.g., phone number, operating hours, and similar information. For example, server 108
may transmit the graphical map and location information together in a web page for
display at DCS 114,

[087] Dashed line vetsions of message transmission and processing 802-804 represent
additional optional requests for information and provision of information between DCS
114 and server 108. For example, a user may request additional user locations.
Additionally, in one embodiment, the transmitted user location request message 802
includes a request for more than one user and/or a specific group of users meeting
certain criteria, e.g., users working for the same company, users in a particular
geographic location, and similar groups and criteria. In each scenario, server 108
performs a query on data store 110 (processing loop 803) and returns the results to DCS

114 (user location information message 804).
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[088] FIG. 9 is a high level interaction diagram depicting the flow of requests and
responses between MCS 100, WAP 104, server 108, and a second MCS 112 according
to another embodiment. Similar to FIG. 6, time proceeds down the page from top to

bottom as indicated by reference arrow A.

[089] The flow of requests and responses as depicted and described in conjunction
with steps 602-607 of FIG. 6 occurs for a connection of MCS 100 to a network enabling
access to server 108 as depicted in FIG. 9. In this manner, location information and
connection information regarding WAP 104 and the physical location of the access

point is determined and provided to server 108.

[090] In the FIG. 9 embodiment, second MCS 112 connects to WAP 104 and transmits
request message 902 requesting a connection with WAP 104 similar to MCS 100.
Request message 902 is similar to request message 602 except for information specific
to second MCS 112 and the later occurrence in time of the message. WAP 104
responds to request message 602 with a reply message 603 including the requested

WARP connection information.

[091] Second MCS 112, after receipt of the requested connection information,
transmits the WAP connection information message 904 to server 108. Server 108
stores the received connection information in data store 110 for subsequent processing.
For example, server 108 performs a lookup in data store 110 for matching connection
information and retrieves the previously submitted connection information and location
information from MCS 100. Based on the fact that MCS 100 already submitted location
information (via message 607), server 108 determines that second MCS 112 need not
provide location information corresponding to the connection information regarding
WAP 104. In this manner, a second user need not be queried to provide location

information in addition to that previously provided by a first user.

[092] In an alternate embodiment, server 108 performs a lookup of the connection
information received via message 904 and determines that a predetermined time has
passed sufficient to require confirmation of location information previously provided by
MCS 100 (via message 607) and transmits a location information query 905 (dashed
line) to second MCS 112 including the previously provided user input location

information from data store 110 as part of the query 905, Upon receipt of query 905,
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second MCS 112 queries the user for confirmation of the previously provided location
information. The user manipulates second MCS 112 and confirms the previously
provided location information. Second MCS 112 transnlifs a location information
confirmation message 906 to server 108. In another embodiment, upon receipt of the
confirmation from the user, second MCS 112 transmits the confirmed location

information to server 108 as part of the location information confirmation message 906.

[093] In one embodiment, if the user does not confirm the location information,
second MCS 112 does not transmit a message in reply to server 108. In another
embodiment, if the user does not confirm the location information, second MCS 112
transmits a negative location information confirmation message 906 indicating fo server
108 that the location information is incorrect. In a further embodiment, if the user does
not confirm the location information, second MCS 112 queries the user for updated
location information and transmits the updated location information as part of the
location information confirmation message 906. In a still further embodiment, the user
enters a text description, e.g., using a text entry field, of the location and causes
transmission of the location information as part of the location information confirmation

message 906.

[094] In each of the above embodiments, it is understood that authentication and/or
authorization of users may be required in order to allow access to and/or storage of

location information and/or connection information stored in data store 110.

[095] It will be readily seen by one (of ordinary skill in the art that the embodiments
fulfill many of the advantages set forth above. After reading the foregoing
specification, one of ordinary skill will be able to affect various changes, substitutions
of equivalents and various other aspects of the embodiments as broadly disclosed
herein. It is therefore intended that the protection granted hereon be limited only by the

definition contained in the appended claims and equivalents thereof.
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CLAIMS

1. A method of calibrating a location system, comprising the steps of:

receiving connection information regarding the conmection of a device to a
network;

querying a user to provide input regarding the physical location of the device;

receiving user input regarding the physical location of the device connected to

the network; and storing the connection information and user input.

2. The method as claimed in claim 1 wherein the connection information

and user input are stored at a second device different from the device.

3. The method as claimed in claim 2, wherein the second device initiates
the querying step. '
4.  The method as claimed in claim 1, wherein the querying step is

performed based on at least one of a periodic basis and a detected network connection

change.

5. The method as claimed in claim 4, wherein the querying step query
requests the user to refine previously provided user input regarding the physical

location.

6. The method as claimed in claim 5, wherein the querying step query

requests the user to disambiguate previously provided user input.

7. The method as claimed in claim 4, wherein the querying step query
includes at least one of one or more preset physical locations and previously provided

user input.

8. The method as claimed in claim 1, further comprising transmitting at
least one of stored connection information and stored user input to a requesting device

responsive to receipt of a request from the requesting device.
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9. The method as claimed in claim 1, wherein the connection information
includes at least one of an identifier parameter, a network type, a time, and a

connection-based parameter.

10. A computer-readable medium for calibrating a location system based on
user input, comprising:
at least one sequence of instructions, wherein execution of the instructions by a

processor causes the processor to perform the steps as claimed in claim 1.

1. A method of calibrating a location system using user input, the method
comprising the steps of:

receiving connection information regarding connection of a device to a network;

transmitting the connection information to a second device;

querying a user of the device for user input regarding a physical location of the
device;

receiving user input regarding the physical location of the device; and

transmitting the received user input to a second device.

12.  The method as claimed in claim 11, wherein the querying step is
performed based on at least one of a periodic basis and a detected network connection

change.

13.  The method as claimed in claim 11, wherein the user input includes

selection of a physical location on a map.

14. A computer-readable medium for calibrating a location system based on
user input, comprising:
at least one sequence of instructions, wherein execution of the instructions by a

processor causes the processor to perform the steps as claimed in claim 11.

15. Alocation system calibrated based on user input, comprising:
a processor;
a memory connected to the processor, the memory storing instructions which,

when executed by the processor, cause the processor to:
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transmit a request for user input to a device connected to a network, responsive to
receipt of connection information from the device; and store connection information and

user input received from the device.

16.  The location system as claimed in claim 15, wherein the transmitted
request includes at least one of one or more preset physical locations and one or more

physical locations previously provided by a second user.

17. A system for providing user input to calibrate a location system,

comprising:

a processor;

a memory connected to the processor, the memory storing instructions which,
when executed by the processor, cause the processor to:

query a user for user input regarding the physical location of the system
comnected to a network, responsive to a request from a first device having received
connection information from the system; and transmit user input received from the user

to the first device.

18. A system for calibrating a location system based on user input,
comprising:

receiving means for receiving connection information regarding the connection
of a device to a network and user input regarding the physical location of the device
connected to the network;

transmitting means for transmitting a request to the device to query the user for
the user input; and

storing means for storing the received connection information and user input

received by the receiving means.

19.  The system as claimed in claim 18, wherein the receiving means further
receives a request for at least one of stored connection information and user input from

a requesting device, and

further comprising:
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transmitting means for transmitting at least one of a stored connection
information and stored user input to a requesting device responsive to the receiving

means receiving the request from the requesting device.

20.  The system as claimed in claim 19, wherein the request from the
requesting device includes at least one of a geographic-based request, a user identity-

based request, and a time-based request.
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