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LOCATION FILTERING USING MOBILE COUNTRY CODE

TECHNICAL FIELD
[0001] This disclosure relates generally to determining a geographic location of a
mobile device.
BACKGROUND
[0002] Various technologies can be employed in a wireless communications

network to allow mobile devices to communicate with each other and with devices on a
wired network. Depending on the technologies used, communication distances of the
mobile devices can range from a few meters (e.g., in a Personal Area Network) to
several kilometers (e.g., in a cellular network). Among the wireless communications
technologies, a wireless local network (WLAN) can include a local area network (e.g., a
computer network covering a relatively small physical area, like a home, office, or a
small group of buildings such as a school) that uses radio waves for communication.
Some examples of WLAN technology include WiFi, which can include any WLAN
products that are based on any Institute of Electrical and Electronics Engineers (IEEE)
802.xx standards. A mobile device can communicate with other devices in the WLAN
or with devices outside the WLAN through an access point of the wireless network.

[0003] In general, a cellular communications network can allow mobile devices
to communicate with each other or with other devices over longer distances than those
of a WLAN. Some example cellular technologies include a Global System for Mobile
communications (GSM) network, or a Universal Mobile Telecommunications System
(UMTS) network. A mobile device in the cellular network at a given location can have a
current mobile country code (MCC) that can designate a country of the given location, a
current mobile network code (MNC) that can identify a mobile network operator, a
current location area code (LAC) that can identify a location area (which can be defined

by the mobile network operator), and a current time zone of the location. The MCC,
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MNC, LAC, and current time zone information can be provided by the mobile network

operator to the mobile device through a cellular tower.

SUMMARY
[0004] Methods, program products, and systems for location filtering using
mobile country code (MCC) are described. A mobile device can determine its
geographic location using locations of access points of a wireless communications
network to which the mobile device is connected. The mobile device can wirelessly
receive identifiers of one or more access points of the wireless communications network
and a current MCC through a cellular network. The mobile device can identify a
polygon that is a bounding box of a geographic area that corresponds to the current
MCC. The mobile device can select a set of access point locations from a location
database using the received identifiers, where the access point locations are inside the
identified polygon. The mobile device can determine a current location of the mobile
device based on an average location of the selected set of access point locations.
[0005] Techniques for location filtering using mobile country code can be
implemented to achieve the following exemplary advantages. A mobile device can
determine its location even though the mobile device is incapable of receiving Global
Positioning System (GPS) signals. For example, the mobile device that is not equipped
with or coupled to a GPS receiver can determine a current location of the mobile device.
The mobile device can determine its location when the mobile device is connected to a
wireless network (e.g., WiFi, WiMax, or other wireless network). The mobile device can
determine its location based on locations of wireless access points to which the mobile
device can connect. GPS-enabled mobile devices can also take advantage of the
locations of wireless access points when, for example, GPS signals are weak (e.g., inside
buildings).
[0006] Location filtering using MCC can offer an efficient way to filter out access
points that are recently moved. If a mobile device has a location record of an access

point to which the mobile device is connected, and the location record indicates that the
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access point is located in country that is different from the current country, the mobile
device can exclude the access point from the location calculation. The mobile device
can avoid inaccurate location calculation when, for example, an access point to which
the mobile device is connected to is located in Canada but the mobile device has a
record indicating the access point is located in France. Location calculation can be more
accurate when techniques of location filtering using MCC are employed.

[0007] The details of one or more implementations of location filtering using
MCC are set forth in the accompanying drawings and the description below. Other
features, aspects, and advantages of determining locations of wireless access points will

become apparent from the description, the drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] FIG. 1 is an overview of location filtering using mobile country code.
[0009] FIG. 2A is an overview of techniques of determining locations of wireless
access points.
[0010] FIG. 2B illustrates determining locations of wireless access points in a
three-dimensional space.
[0011] FIGS. 3A-3C illustrate exemplary stages of determining locations
associated with access points in WLAN using mobile devices.
[0012] FIG. 3D illustrates an exemplary stage of determining locations associated
with access points in WLAN using mobile devices in a three-dimensional space.
[0013] FIGS. 4A and 4B are flowcharts illustrating exemplary processes of
determining locations associated with access points in WLAN using mobile devices.
[0014] FIG. 4C is a block diagram illustrating an exemplary system implementing
techniques of determining locations of wireless access points.
[0015] FIG. 5A illustrates techniques for determining locations of mobile devices
using techniques of determining locations of wireless access points.
[0016] FIG. 5B is a flowchart illustrating an exemplary process of location

filtering using mobile country code.
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[0017] FIG. 5C is a flowchart illustrating an exemplary process of determining a
location of a mobile device using filtered locations of wireless access points.
[0018] FIG. 6 illustrates an exemplary user interface for determining locations of

mobile devices using locations of wireless access points.

[0019] FIG. 7 is a block diagram of an exemplary architecture of a mobile device.
[0020] Like reference symbols in the various drawings indicate like elements.
DETAILED DESCRIPTION

Overview of Location Filtering Using Mobile Country Code

[0021] FIG. 1 is an overview of location filtering using mobile country code
(MCCQ). For convenience, only North America and Hawaiian Islands are shown in FIG.
1. Further more, only Canada, United States, and Mexico are given as examples for
location filtering using MCC. The techniques of location filtering using MCC is
applicable for other countries and continents.

[0022] Mobile device 112 can connect to a wireless communications network
through access point 125. Access points 125 can include a hardwire device or computer
software that can act as a communication hub for wireless devices to connect to a wired
network. Multiple access points 125 can be distributed in an area (e.g., an office
building or an airport). Access point 125 can be associated with a location where access
point 125 can serve. For example, access point 125a can be located in San Francisco,
California, U.S.A., and serves a certain area (e.g., a building located at 300 Bush Street).
[0023] Mobile device 112 can use a location of access point 125 to which mobile
device 112 is connected to determine a current location of mobile device 112. When
mobile device 112 is wirelessly connected to access point 125a, mobile device 112 can
identify the location of access point 115a from a location database. The location
database can store an identifier (e.g., a Media Access Control (MAC) address) of access
point 115a and the location associated with the identifier. For example, the record in
the location database can associate the identifier of access point 125a with latitude and

longitude coordinates 37°47°27.56”N and 122°2408.69”W, indicating that access point
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125a is located at 300 Bush Street, San Francisco, California, US.A. Mobile device 112,
knowing the identifier of access point 115a because mobile device 112 is wirelessly
connected to access point 115a, can determine that, at least at time of connection, mobile
device 112 is located in San Francisco, California, U.S.A. More details of determining
the location of access point 125 and the current location of mobile device 112 will be
described below.

[0024] Access point 125 can be mobile. For example, access point 125a can
physically move from San Francisco, California, U.S.A. to Edmonton, Alberta, Canada
(e.g., due to company relocation). Moved access point 125a is represented as access
point 125b. However, unless and until the location database is updated, the location
database still associates the identifier that identifies the actual hardware component of
access point 125b as San Francisco, California, U.S.A. Therefore, mobile device 114,
currently connected to mobile device 125b located in Edmonton, Alberta, Canada, may
incorrectly determine that mobile device 114b is located in San Francisco, California,
US.A.

[0025] One way to avoid the incorrect location determination is to use a current
MCC of mobile device 114 to filter the location database. An MCC is a code that the
International Telecommunication Union (ITU) assigned to a country. The MCC is
unique for each country and can be used to identify the country. Each country can have
one or more MCC assigned to it. Table 1 illustrates some example MCCs and

corresponding countries.

MCC Country

302 Canada

310-316 United States of America
334 Mexico

Table 1. Exemplary MCCs
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[0026] Mobile device 114 can have a subscriber MCC that can identify a country
of a subscriber of mobile device 114. The subscriber MCC can indicate a home country
of mobile device 114. For example, the subscriber mobile device 114 can be “334,”
indicating the home country of mobile device 113 is Mexico. Additionally, mobile
device 114 can detect a current MCC indicating in which country mobile devices 114 is
currently located. For example, the current MCC of mobile device 114 can be “302,”
indicating that mobile device 114 is currently located in Canada. The current MCC of
mobile device 114 can be obtained from a specialized processor of mobile device 114
that is responsible for wireless communications and control. In various
implementations, the specialized processors can be known as baseband processors,
GMS wireless modems, and UMTS wireless modems. In this specification, unless
otherwise specified, the term MCC will be used to refer to the current MCC of a mobile
device rather than the home MCC of the mobile device.

[0027] Mobile device 114 can use the current MCC to filter the location database
by determining whether a record in the location database is consistent with the current
MCC. For example, mobile device 114 can determine that access point 125b, having a
location that corresponds to San Francisco, California, United States, does not match the
current MCC “302” which indicates that the current country is Canada. Because San
Francisco is not located in Canada, mobile device 114 can determine that the record for
access point 125b in the location database is incorrect, and remove the record from the
database.

[0028] To determine whether the location of access point 125b is consistent with
the current MCC, a system can generate polygons that are bounding boxes of each MCC
and determine whether the location of access point 125b is inside the correct polygon.
For example, bounding box 100 can correspond to MCC “302” (Canada). Bounding
boxes 102 can correspond to MCCs “310,” “311,” “312,” “313,” “314,” “315,” and “316”
(United States). Bounding box 104 can correspond to MCC “334” (Mexico). For clarity,
bounding boxes for other North American countries are not shown in FIG. 1. The

location of access point 125b, as recorded in the location database, can include a latitude
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and a longitude. For example, the record in the location database can associate the
identifier of access point 125b with latitude and longitude coordinates 37°47'27.56”N
and 122°24’08.69”W, indicating that access point 125b is located at 300 Bush Street, San
Francisco, California, U.S.A. This location is outside of bounding box 100 for Canada.
Therefore, mobile device 114 can remove the record from the location database, and use
another access point to estimate a current location of mobile device 114.

[0029] The system can use various algorithms to determine a bounding box (e.g.,
bounding box 100) of a country associated with an MCC. A country (e.g., Canada) can
be represented as one or more simple polygons whose vertices can be stored in
latitude/longitude coordinates. The bounding box of a country can be a convex hull of
the simple polygon of the country determined by, for example, Akl-Toussaint heuristics
or Melkman’'s Algorithm. In some implementations, a bounding box of a country can
be determined by extreme points within the boundaries of the country (e.g.,
easternmost, westernmost, northernmost, and southernmost points). The bounding box
can be a substantially rectangular area (e.g., bounding boxes 100, 102 and 104 on a map
drawn using Mercator projection. The bounding box can be stored using
latitude/longitude coordinates of two points (e.g., its north-west vertex and its
southeast vertex).

[0030] For example, bounding box 100 of Canada can have a northern boundary
that is delineated by latitude 83°08'N, corresponding to the latitude of Cape Columbia,
Ellesmere Island, Nunavut, an extreme north point within the Canadian boundary.
Bounding box 100 can have a southern boundary delineated by latitude 41°41'N,
corresponding to the latitude of Middle Island, Ontario, an extreme southern point of
Canada. Bounding box 100 can have an eastern boundary delineated by longitude
52°37"W (Cape Spear, Newfoundland), and a western boundary delineated by longitude
141°00'W (Yukon-Alaska border). Bounding box 100 can be stored in two sets of
coordinates (e.g., 83°08'N/141°00'W and 41°41'N/52°37"W).

[0031] Some countries (e.g., the United States of America) can be represented as

multiple simple polygons (e.g., 48 continental states, Alaska and Hawaii). Countries
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that can be represented as multiple simple polygons can have multiple bounding boxes
(e.g., bounding boxes 102a for Alaska, bounding box 102b for continental 48 states, and
bounding box 102c for Hawaii). Bounding boxes of various countries can overlap, as
shown in the overlapping areas between bounding boxes 100 and 102a, for example.
[0032] Bounding boxes can be stored on a mobile device in association with
MCCs. For example, mobile device 114 can store, or be connected to, a geographic
database, in which MCCs and corresponding bounding boxes are stored. MCC “302”
(Canada) can be associated with the north-west vertex and southeast vertex of
bounding box 100, for instance.

[0033] When mobile device 114, whose current MCC is “302,” connects to access
point 125b, and identifies a location of access point 125b from the location database,
mobile device 114 can compare the location against bounding box 100 to determine
whether the location is inside bounding box 100. Various algorithms (e.g., ray casting
algorithm or winding number algorithm) can be employed to determine whether the
location is inside bounding box 100. For example, when bounding box 100 is expressed
by the northwest vertex and southeast vertex, the latitude and longitude coordinates of
the location of access point 125b can be compared to the latitude and longitude
coordinates of the vertices to determine whether the location of access point 125b is
located in the substantially rectangular area of bounding box 100.

[0034] Upon determining that the location of access point 125b is inside
bounding box 100 associated with current MCC “302,” mobile device 114 can proceed to
estimate a current location of mobile device 114 using the location of access point 125b.
If it is determined that the location of access point 125b (e.g., 37°47°27.56"N and
122°24'08.69"W) is outside bounding box 100 (83°08'N/141°00W  and
41°41'N/52°37’W), mobile device 114 can wuse another access point within
communication range to estimate the current location of mobile device 104. Mobile
device 104 can also update the location database (e.g., by deleting the record associated
with access point 125b marking the location of access point 125b as “dirty”). Thus,

mobile device 114 can avoid displaying an incorrect current location.
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Determining Locations of Wireless Access Points

[0035] FIG. 2A is an overview of techniques of determining locations of wireless
access points. For convenience, the techniques will be described in reference to a
system that implements the techniques of determining locations of wireless access
points.

[0036] A wireless local area network (WLAN) can be a radio communications
network that includes a number of access points 155. Access point 155 can
communicate with wireless devices (e.g., mobile devices 158 and 160) using various
communication protocols. In some implementations, access point 155 can be an access
point of a WiFi™ network, which implements an Institute of Electrical and Electronics
Engineers (IEEE) 802.11-based protocol (e.g., IEEE 802.11a). In some implementations,
access point 155 can be an access point of a worldwide interoperability for microwave
access (WiMAX) network, which implements an IEEE 802.16 based protocol (e.g., IEEE
802.16-1554 or IEEE 802.16e-1555). Access point 155 can have a communication range
that can reach from location of access point 155 to anywhere from less than ten meters
to several hundred meters, depending on factors including the configuration of access
point 155 and physical surroundings. Multiple wireless devices 158 and 160 can
connect to an access point when mobile devices 158 and 160 are within the
communication range of access point 155. In turn, multiple access points 155 can be
available to a single mobile device 158 or 160 for connection. Mobile devices 158 and
160 can select a particular access point 155 to which mobile devices 158 and 160 connect,
based on various factors. For example, the selection can be based on whether mobile
device 158 is authorized to connect to access point 155a, or whether access point 155a
can provide the strongest signal for the wireless connection to mobile devices 158.

[0037] The system can determine location areas 165 that are associated with
access points 155. Location areas 165 can be calculated such that they indicate where
mobile devices 158 connected to access points 155 are likely to be located. The system

can make the determination based on known locations from mobile devices 158 that are
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connected to access points 155. Mobile devices 158 can be location-aware mobile
devices, for example, GPS-enabled mobile devices that have built-in, or be coupled
with, receivers that can receive Global Positioning System (GPS) signals and determine
locations using the GPS signals. Location-aware mobile devices 158 are represented as
black triangles in FIG. 2A. When location-aware mobile devices 158 are connected to a
particular access point 155 (e.g., access point 155a), location-aware mobile devices 158
can transmit the locations of the devices to access point 155a. Access point 155a can
relay the transmission, as well as an identifier of access point 155a, to the system. The
system can determine an estimated location area 165a where any mobile device 158 or
160 connected to access point 155a is most likely located. In this specification, estimated
location areas 165 will be referred to as presence areas, to indicate that mobile device
158 or 160, when connected to a particular access point 155, is likely to be present.

[0038] To calculate presence areas 165, the system can apply an iterative process
(e.g., by performing a multi-pass analysis). The iterative process can determine a
presence area (e.g., presence area 165) that is associated with an access point (e.g., access
point 155) as a circle. The circle can have a center that corresponds to an average
geographic location calculated based on locations of location-aware mobile devices 158
that are wirelessly connected to access point 155. The circle can have a radius that
corresponds to an error margin, which can be determined by, for example, a distance
between a location of a mobile device 158 and the average geographic location. Further
details on the iterative process will be described below in reference to FIGS. 2 and 3.
The iterative process can be executed periodically (e.g., every six hours) to capture
different wireless access usage patterns during different hours of a day as well as to
capture potential moves of access points 155.

[0039] The system can send information of presence areas 165 to mobile devices,
including non-GPS-enabled mobile devices (e.g., mobile device 160), that are connected
to access points 155 such that the receiving mobile devices can determine estimated

locations of the devices using presence areas 165. For example, if mobile device 160 is
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connected to access point 155b, the location of mobile device 160 can be estimated as to
coincide with presence area 165b that is associated with access point 155b.

[0040] In a given area (e.g., an airport), numerous access points 155 can exist.
Further more, as mobile device 160 can be mobile, it can be logical to send locations of
access points that are not immediately within a communication range of mobile device
160 but are close-by enough to mobile device 160, such that mobile device 160 can use
the locations to track its movement. To avoid sending a large amount of location data
to mobile device 160, the system can filter access points 155 and location areas 165 such
that only the location data of a limited number of access points (e.g., access point 155a),
rather than location data of every single access point that exists in the world, are
transmitted. Filtering can be based on various factors, including popularity, stability,
longevity, and freshness of locations 165 and access points 155.

[0041] To filter locations 165 and access points 155, the system can create
geographic grid 150 that contain cells 152. Cell 152 can be a polygon having a
substantially rectangular shape, the polygon corresponding to a geographic area
identifiable on geographic grid 150 by a latitude and a longitude of an identifying point
of the geographic area (e.g., a center, or a corner), and a size (e.g., a length measured in
degrees of longitude, and a width measured in degrees of latitude). Each cell 152 can be
used as a container that can contain a certain number of locations. For example, cell 152
can be a rectangle whose length is 0.0005 degrees meridian (approximately 56 meters)
and whose width 0.0005 degrees latitude (width in meters can vary depending on the
latitude). Cell 152 can be configured to hold a number (e.g., three) of presence areas 165
corresponding to access points 155. In some implementations, cell 152 can “hold”
presence area 165 if the center of presence area 165 is located within boundaries of cell
152. The presence areas 165 can be selected from all presence areas 165 that are located
in cell 152 based on one or more reliability factors. The selection can be based on
various criteria such as popularity, stability, longevity, and freshness.

[0042] A particular access point (e.g., access point 155b) and the presence area

associated with the access point (e.g., presence area 165b) need not be located in a same

11
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cell 152. This can happen, for example, when access point 155b is located on a building
in cell 152a and most mobile devices 158 connected to access point 155b are located in
another building in cell 152b. In some implementations, the system can ignore the
actual location of access point 155b.

[0043] When mobile device 160 connects to an access point (e.g., access point
155a, whose associated presence area 165a is located in cell 152c), mobile device 160 can
receive a location update from the system. The location update can include all presence
areas 165 that are located in the same cell where presence area 165a is located (e.g., cell
152¢). The location update can further include presence areas 165 that are located in
other cells 152 (e.g., cell 152a and cell 152b) that are neighbors to cell 152¢ on geographic
grid 150.

[0044] When mobile device 160 connects to access point 155a, mobile device 160
can detect other access points 155 (e.g., access point 155b) that are available. Mobile
device 160 can identify presence areas (e.g., presence areas 165a and 165b) for the
available access points. Mobile device 160 can calculate a current location of mobile
device 160 using various algorithms. For example, when only one presence area 165a is
identified, mobile device 160 can designate presence area 165a as the current location of
mobile device 160. When two or more presence areas 165 are identified, mobile device
160 can calculate its current location using an iterative process (e.g., a multi-pass
analysis). The iterative process can calculate an average location of the presence areas,
calculate distances between the presence areas and the average location, and exclude
presence areas that are the farthest away from the average location. Mobile device 160
can repeat the iterations until a precision requirement is satisfied for determining a
location of mobile device 160. Mobile device 160 can designate the average location as a
current location of mobile device 160 and display the average location on a map display
device.

[0045] In some implementations, the location update received on mobile device
160 from the system can include numerous neighboring cells such that a sufficiently

large area (e.g., one or two square kilometers) around presence area 165a can be
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covered. Based on the location update that covers the large area, mobile device 160 can
avoid having to request frequent updates when mobile device 160 moves. Mobile
device 160 can have opportunities to receive updated presence area information when,
for example, mobile device 160 is idle or otherwise has available communication
bandwidth.

[0046] FIG. 2B illustrates determining locations of wireless access points in a
three-dimensional space. Some location-aware mobile devices 158 (e.g., GPS-enabled
devices) can identify locations in a three-dimensional space. The locations can be
represented by latitudes, longitudes, and altitudes. Altitudes can be expressed, for
example, as elevation measured in meters from sea level. Locating a mobile device in a
three-dimensional space can be desirable when an altitude of the mobile device is
necessary for locating the mobile device. For example, altitude can be used to
determine on which floor the mobile device is located in a high-rise building. Location
of mobile device 158 in three-dimensional space can be displayed on a two-dimensional
map with the elevation as an annotation, or on a three-dimensional map.

[0047] Mobile devices 158 can connect to access point 176. Mobile devices 158
can be location-aware mobile devices that can transmit their locations, including
latitude, longitude, and altitude coordinates to the system. The system can calculate an
average location based on the latitude, longitude, and altitude coordinates received
from mobile devices 158. Three-dimensional space 174, having the average location as a
center and an error margin as a radius, can be associated with access point 176. Space
174 can represent a space that a mobile device is likely to be located when the mobile
device is connected to access point 176. In this specification, space 174 will be referred
to as a presence space.

[0048] The system can send information on presence space 174 to mobile devices
that are connected to access point 176. The mobile devices receiving the information
can use the information to determine their geographic locations. The system can divide
a three-dimensional geographic space into three-dimensional grid 170. Three-

dimensional grid 170 can be composed of three-dimensional cells 172. Each three-
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dimensional cell 172 can have a projection to a two-dimensional area that corresponds
to cell 152 of geographic grid 150. Each three-dimensional cell 172 can have a height
(e.g., measured in meters) as a dimension. Presence space 174 can be referred to as
being located in cell 172 if the center of presence space 174 is in cell 172. The system can
limit the number of presence spaces in cell 172 based on a popularity of the presence
space (e.g., how many connections are made from mobile devices 158 in presence space
to access point 176), a stability of presence space 174 (e.g., how stable presence space
174 has been), a longevity of access point 176 (e.g., how long access point 176 has
existed), and a freshness of presence space 174 (e.g., when was a latest location
transmission from mobile device 158 connected to access point 176 was received).

[0049] The system can transmit information on presence space 174 and
neighboring presence spaces based on three-dimensional cells 172 of three-dimensional
grid 170 to a mobile device (e.g., mobile device 160) that is connected to access point
176. Mobile device 160 can use the information to estimate a current location of mobile
device 160 in the three-dimensional space, and display the estimated current location on

a three-dimensional map.

Exemplary Server-Side Process and System for Determining Locations of Wireless Access Points
[0050] FIGS. 3A-3C illustrate exemplary stages of determining locations of
wireless access points. For convenience, the techniques will be described in reference to
a system that includes a server that implements the techniques.

[0051] FIG. 3A illustrates an exemplary stage of a multi-pass analysis that can be
used to determine a presence area associated with access point 155. Access point 155
can have a coverage area 202, which can be determined by a signal strength of a
transmitter of access point 155 and other factors (e.g., physical characteristics of
geographic areas surrounding access point 155). Mobile devices 158 that are located
within coverage area 202 can wirelessly connect to access point 155. Access point 155
can allow mobile devices 158 to connect to a wired network through various gateways.

The wired network can include a data network (e.g., the Internet), a public switched
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telephone network (PSTN), other digital or analog networks, or a combination of the
above.

[0052] Mobile device 158 can include location-aware mobile devices (e.g.,
GPS-enabled mobile devices). Each location-aware mobile devices 158 (represented as
black triangle of FIG. 3A) can detect its current geographic location. The current
geographic location can be represented by geographic coordinates that include a
latitude and a longitude of mobile device 158. When mobile devices 158 communicate
with access point 155, mobile devices 158 can transmit location information to the
system through access point 155. The location information can be associated with an
identifier of access point 155 (e.g., a Media Access Control (MAC) address of access
point 155). The system can use the location information received from multiple mobile
devices 158 to determine the presence area that can be associated with access point 155.
The presence area does not necessarily enclose a location where access point 150 is
actually located. Neither is it necessary for the presence area to correspond to the
geometric location or shape of coverage area 202, although the presence area can be
located within coverage area 202.

[0053] Distribution of mobile devices 158 with coverage area 202 can correspond
to a snapshot of mobile devices 158 at a particular time (e.g., 8:30 am local time for a
time zone in which access point 155 is located). Each mobile device 158 can be
associated with a single location. Distribution of mobile devices 158 with coverage area
202 can also correspond to locations of mobile devices 158 over a period of time (e.g., six
hours from 4 am to 10 am). Each mobile device 158 can be associated with multiple
locations (e.g., when mobile device 158 is moving). A single mobile device 158 that is
associated with multiple locations can be represented by multiple locations in the
system, as illustrated by multiple triangles in FIG. 3A.

[0054] The server can determine an average geographic location of a set of
locations received from mobile devices 158. The set of locations can include locations
received from mobile devices 158 at a particular time or during a particular time period.

The average geographic location can be designated as center 244a of circle 204a. Center
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244a of circle 204a need not coincide with the location of an access point (e.g., access
point 155 or access point 200). The server can calculate a distance between the average
geographic location and each location in the set and identify one or more outliers.
Outliers can be locations in the set that are located the farthest from the average
geographic location. Outliers (e.g., location 210) whose distances to the center exceed a
threshold can be excluded from the set. Circle 204a can have radius 245a that
corresponds to the longest distance between the average geographic location and
locations in a current set after the outliers are excluded.

[0055] FIG. 3B illustrates an exemplary stage of the multi-pass analysis
subsequent to the stage of FIG. 3A. Locations whose distances to the average
geographic location of FIG. 3A (center 244a of circle 204a) exceed a threshold have been
excluded from the set. The threshold can be configured such that a percentage of
positions (e.g., five percent of locations of FIG. 3A) are excluded. A new average
geographic location can be calculated based on the locations remaining in the set (e.g.,
the 95 percent of locations remaining). The new average geographic location can be, for
example, center 244b of circle 204b. In various implementations, calculating the new
average geographic location can include averaging the remaining locations in the set,
selecting a medium geographic location in the set (e.g., by selecting a medium latitude
or a medium longitude), or applying other algorithms. Algorithms for calculating the
average geographic location can be identical in each pass of the multi-pass analysis, or
be distinct from each other in each pass.

[0056] Area encompassed by circle 204b can be smaller than the area
encompassed by circle 204a as determined in a prior pass when outlier locations are
excluded. The smaller area can reflect an increased precision of the calculation. Center
244b of circle 204b does not necessarily coincide with center 244a of circle 204a. In some
implementations, radius 245b of circle 204b can correspond to a remaining location of
mobile device 158 that is farthest away from center 244b of circle 204b. The radius can
represent an error margin of the new estimation the presence area calculated in the

current pass.
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[0057] FIG. 3C illustrates an exemplary final stage of the multi-pass analysis.
When certain exit conditions are satisfied, the system can terminate the iterative process
after the final stage. The final stage can produce a final average geographic location
that corresponds to a cluster of positions of mobile devices 158. The final average
geographic location can be represented as center 244c of circle 204c. Circle 204c can
have radius 245c that corresponds to a final error margin, which is based on a distance
between the final average geographic location and a location in the cluster. Circle 204c¢
can be designated as the presence area associated with access point 155 through and
identifier (e.g., a MAC address) of access point 155.

[0058] The server can determine whether to include the identifier of access point
155 and associated presence area in a location database based on various factors. For
example, the server can count the number of presence areas in cell 152 of geographic
grid 150, and select a number of presence areas based on popularity, stability, and
longevity. The server can send information of the presence areas (including presence
area 204c if presence area 204c is selected) in the location database to a mobile device
(e.g., mobile device 215), regardless whether mobile device 215 is GPS-enabled.

[0059] FIG. 3D illustrates an exemplary stage of determining locations of wireless
access points in a three-dimensional space. In FIG. 3D, axes X, Y, and Z can be used to
indicate the three-dimensional space. For example, axes X, Y, and Z can represent
longitude, latitude, and altitude, respectively. For convenience, location of access point
176 is shown to coincide with point zero on the X, Y, and Z axes in FIG. 3D. In some
implementations, an actual location (e.g., latitude, longitude, and altitude coordinates)
of access point 176is optional in the calculations.

[0060] Each triangle of FIG. 3D can represent a location of a mobile device
located in the three-dimensional space. The locations can have projections (e.g.,
projection 226) on a plane in the three-dimensional space. The plane can be defined at
arbitrary altitude (e.g., the altitude of access point 176). For example, the plane can be

defined by axes X and Y. Access point 176 can correspond to a coverage space 222,
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which can be determined by signal strength of access point 176 and other limiting
factors (e.g., floors, ceilings, buildings in signal path).

[0061] A multi-pass analysis can associate a geographic space with access point
176 of a WLAN based on a set of locations received from location-aware mobile devices
158 that are located in cell space 202. In a pass of the multi-path analysis, an average
geographic location (e.g., center of space 224) can be determined by, for example,
averaging the latitudes, longitudes, and altitudes coordinates of locations in the set.
Distances between the average geographic location and locations in coverage space 222
can be calculated. Locations that are within coverage space 222 but are sufficiently far
away from the average geographic location can be excluded from the set and from
further computations. A radius of space 224 can be determined by, for example, the
farthest distance between remaining locations in the set and the average geographic
location.

[0062] The system can repeat the stages of calculating an average geographic
location in a set, calculating distances between the average geographic location and the
locations in the set, and excluding from the set locations based on the calculated
distances. The repetition can continue until an exit condition is satisfied. A space
having a center at the average geographic location and a radius that is based on a
distance between the average geographic location and a remaining location in the set
can be designated as a presence space that can be associated with access point 176.
[0063] FIG. 4A is a flowchart illustrating exemplary process 300 of determining
locations of wireless access points. Process 300 can be used, for example, to determine a
presence area or presence space associated with an access point of the WLAN. The
presence area or presence space can be used to determine a location of a non-GPS-
enabled mobile device. For convenience, process 300 will be described in reference to a
system that implements process 300.

[0064] The system can receive (302) a set of locations from one or more first
mobile devices 158 connected to access point 155. Each location can be represented by a

set of geographic coordinates (e.g., a latitude, a longitude, and an altitude). The
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location can be associated with an identifier (e.g., a MAC address) of access point 155.
The identifier of access point can be automatically supplied by access point 155 when
access point 155 communicates with the system. In various implementations, the set of
locations can correspond to a period of time (e.g., 6 hours, or from 6 am to 10 am of a
time zone in which access point 155 is located).

[0065] In some implementations, the period of time can be configured to reflect
characteristics of specific usage patterns at various hours of a day. An area where
mobile devices connected to access point 155 are most likely located can vary during the
day, indicating various usage patterns in specific hours. For example, the period of

o

time can correspond to “commute time,” “business hours,” “night time,” etc. The
characteristics of the time of the day can correspond to various usage patterns of mobile
devices 158. For example, during commute time, the presence area associated with
access point 155 can be at or near a freeway; during business hours, the presence area
associated with access point 155 can be at or near an office building; at nighttime, the
presence area associated with access point 155 can spread out without a particular point
of concentration. The system can calculate the presence area based on locations
received, for example, from 4 am to 10 am, and recalculate the presence area based on
location received from 10 am to 4 pm, etc. Locations received in each characteristic time
period can be grouped into a set in the system. The locations can be stored in any data
structure (e.g., set, list, array, data records in a relational database, etc.) on a storage
device coupled to the server.

[0066] The system can determine (304) a geographic location associated with
access point 155 based on an average of the received set of locations. The geographic
location can include a presence area or a presence space as described above. The
presence area or presence space can be associated with access point 155 by, for example,
the MAC address of access point 155. In some implementations, determining the
geographic location can include applying a multi-pass algorithm on the received set of

locations, including excluding at least one location from the set in each pass.
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Determining the geographic location can include applying the multi-pass algorithm
periodically.

[0067] The system can assign (306) access point 155 and the geographic location
associated with access point 155 to a cell (e.g., cell 152) on a geographic grid (e.g.,
geographic grid 150) based on various factors including popularity of access point 155,
stability of the geographic location, and longevity of access point 155. In some
implementations, popularity of access point 155 can measure how many mobile devices
158 are connected to access point 155. Popularity of access point can be measured by,
for example, how many locations of mobile devices 158 that are connected to access
point 155 are received in a period of time by the system.

[0068] Stability of the presence area associated with access point 155 can reflect
how reliable the presence area is, if the presence area is used for estimating a location of
a device connected to access point 155. Stability of the presence area associated with
access point 155 can be measured by, for example, comparing the presence areas
calculated by the last two calculations, and determine a degree of overlap between the
presence areas. The higher the degree of overlap, the more stable the presence area.
[0069] Longevity of access point 155 can reflect the quality of the data associated
with access point 155. For example, an access point that has been in the database for a
longer time can be more reliable than an access point that has been recently added.
Longevity of access point 155 can be measured by a history of data in a location
database.

[0070] In some implementations, a freshness of data can also be used to
determine whether the presence area associated with access point 155 will be assigned
to cell 152 of geographic grid 150. The freshness of data can be measured by how long
ago the system received the most recent location from mobile device 158.

[0071] The system can rank each presence area located in cell 152 of geographic
grid 150 based on the popularity, stability, longevity, and freshness. At least a portion
of all the presence areas located in cell 152 (e.g., three presence areas, including the

presence area that is associated with access point 155) can be assigned to cell 152.
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Assigned access points and presence areas can be used for locating mobile devices (e.g.,
mobile devices 160) that are connected to access point 155. Unassigned presence areas
can be stored in the location database for future use.

[0072] The system can provide (308) the geographic location associated with
access point 155 to a second mobile device (e.g., mobile device 160) that is connected to
access point 155. The system can further provide other geographic locations located in
the same cell, as well as geographic locations associated with access points assigned to
neighboring cells to the second mobile device. The locations can be transmitted from
access point 155 to the second mobile device upon request or using various push or
broadcast technologies.

[0073] In some implementations, the system can receive, process, and transmit
three-dimensional location information. Presence spaces (e.g., presence space 174) can
be assigned to three-dimensional cells (e.g., three-dimensional cell 172) on a geographic
three-dimensional grid (e.g., three-dimensional grid 170). The locations can be
transmitted from access point 176 to a second mobile device that is connected to access
point 176 upon request or using various push or broadcast technologies.

[0074] FIG. 4B is a flowchart illustrating an exemplary process 304 of calculating
an average geographic location using a set of locations. For convenience, process 304
will be described in reference to a system that implements process 304.

[0075] The system can calculate (324) an average geographic location using the
locations in the set. Calculating the average geographic location can include calculating
an average of latitudes, longitudes, and altitudes of the locations in the set, and
designating a position at the calculated average latitude, longitude, and altitude as the
average geographic location. In some implementations, calculating the average
geographic location can include designating a position at a median latitude, median
longitude, and median altitude of the positions in the set as the average geographic
location.

[0076] The system can calculate (326) distances between the locations in the set

and the average geographic location. In some implementations, the system can
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calculate a linear distance between each of the locations in the set and the average
geographic location in Euclid space. In some implementations, the system can calculate
a geodesic distance between each of the locations in the set and the average geographic
location, taking curvature of the earth into consideration.

[0077] The distances calculated in stage 326 can be designated as a radius
associated with a center. The center can be the average geographic location calculated
in stage 324, which can be a center (e.g., center 244a) of a circle (e.g., circle 204a). The
radius (e.g., radius 245a) of the circle can be determined based on at least one distance
between a location in the set of locations and the average geographic location. In some
implementations, the radius can equal to the longest distance between the average
geographic location and a location remaining in the set. In some implementations, the
radius can be a distance that, when circle 106d is drawn using the radius and the
average geographic location as a center, the circle can enclose a percentage (e.g., 80
percent) of the locations remaining in the set. The radius can represent a margin of
error beyond which an estimation of a location of a non-GPS-enabled mobile device is
less likely to be statistically meaningful.

[0078] The system can exclude (328) from the set at least one location based on a
distance between the average location and the location. In some implementations, the
system can exclude locations whose distance to the average geographic location exceeds
a threshold distance. In each pass of the multi-pass analysis, the system can increase a
precision of the estimated average geographic location by excluding locations that
appear to be away from a concentration of locations (e.g., a cluster). A location that is
away from a cluster of locations can be less useful in estimating the presence area
associated with access point 155, and can be excluded. In various implementations, the
threshold distance can vary from one pass to a next pass. In some implementations, the
threshold distance can be a distance to the average geographic location within which a
certain percentage (e.g., 95 percent) of locations in the set are located. In some
implementations, the threshold distance can be a set of distances corresponding to the

passes (e.g., 250 meters for the first pass, 150 meters for the second pass, etc.). The
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system can exclude at least one location from the set when the distance between the
average geographic location and the location exceeds the threshold distance.

[0079] The system can repeat stages 324, 326, and 328 of process 304 until an exit
condition is satisfied. The system can determine (330) whether an exit condition is
satistied for terminating the repetition. In some implementations, the exit condition can
be satistied when a number of repetitions reach a threshold number (e.g., 10 times). The
threshold number, as well as the percentage of locations to exclude, can be configurable
to fine tune a balance between certainty (e.g., a larger presence area can result in more
confidence that a mobile device in the cell is actually located in the presence area) and
precision (e.g., a smaller presence area can result in more accurate location of a mobile
device). For example, when the percentage is set to 95 percent and the number of
passes is set to 10, the final pass can produce a circle that encompasses about 60 percent
of all location data points.

[0080] In some implementations, the exit condition of stage 330 can be satisfied
when the presence area or presence space is sufficiently small. In cells where mobile
devices are highly concentrated, a presence area can be sufficiently small that further
passes will not necessarily increase the precision. The repetition of stages 324, 326, and
328 can terminate when the radius of the circle reaches below a threshold radius. For
example, the threshold radius can be 8-10 meters. The threshold radius can differ from
access point to access point, based on the distribution pattern of the locations in the set
received (e.g., number of location data points received, density of the location data
points, and concentration areas in the cells).

[0081] The system can designate (332) the geographic area as a circle having the
average geographic location as a center and a radius based on at least one calculated
distance. The geographic area can be associated with an access point (e.g., access point
155). The server can provide the geographic area (e.g., the center and radius) for
displaying on a map display of a mobile device. The center can be represented in
latitudes and longitudes. In some implementations where distances are calculated in

three-dimensional spaces, the center can further be represented in an altitude.
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[0082] FIG. 4C is a block diagram illustrating an exemplary system implementing
techniques of determining locations of wireless access points. The system can include
one or more processors, one or more memory devices storing instructions, and other
hardware or software components. The system can include location engine 350 that can
be used to determine a presence area or presence space to be associated with an access
point (e.g., access point 155).

[0083] Location engine 350 can include data collection module 352 that can
receive data from various mobile devices through various access points. The data can
include multiple data points that can indicate locations of one or more location-aware
mobile devices (e.g., mobile devices 158) as well as identifiers of access points (e.g.,
MAC addresses of access points 155) indicating to which access point mobile devices
158 are connected. In some implementations, the data points can also include
information on which time zone mobile devices 158 are located. Data collection module
352 can include data reception module 354, which can receive data transmitted from
mobile devices 158 and data indexing module 356. Data indexing module 356 can
perform various processing on the received data points. For example, data indexing
module 356 can sort latitudes, longitudes, and altitudes based on cell IDs. Data
indexing module 356 can also group data into sets based on time periods. For example,
a new set of received locations can be created for a configurable period of time (e.g., six
hours).

[0084] Sets of received locations of mobile devices 158 can be stored in data point
database 360. Data point database 360 can store current and historical locations of
various mobile devices 158. Data point database 360 can include an ad hoc database,
relational database, and/or object-oriented database. Data point database 360 can be
hosted locally or remotely in relation to location engine 350.

[0085] Location calculation module 364 can be utilized to calculate an average
geographic location in sets of data points in data points database 360, calculate
distances between the average geographic location and locations of various data points,

and exclude locations from the sets for further computation. Location calculation
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module 364 can perform the calculations for a particular set (e.g., a set of data points
associated with a cell ID) until an exit condition is reached for the particular set.
Location calculation module 364 can determine presence areas or presence spaces for
each access point (e.g., access point 155)

[0086] In some implementations, location calculation module 464 can perform
validity checks on the presence areas or presence spaces based on various criteria and
various data in the data points using validity checker 366. For example, the data points
received from mobile devices 158 can include Mobile Country Codes (MCCs) and time
zone information. Validity checker 366 can compare a calculated presence area or
presence space with polygons corresponding to countries represented by the MCCs and
polygons corresponding to the time zones. If a calculated presence area or presence
space is located outside the polygons, validity checker 366 can register an anomaly and
remove the access point.

[0087] Location filtering engine 368 can determine whether a presence area or
presence space can be used to estimate a location of a mobile device that is currently
connected to an access point. Location filtering engine 368 can divide a geographic
region into cells 152 of geographic grid 150, or three-dimensional cells 172 of
three-dimensional grid 170. Location filtering engine 368 can rank presence areas or
presence spaces based on popularity, stability, longevity, and freshness. Location
tiltering engine 368 can assign the top-ranked presence areas or presence spaces located
in each cell 152 or three-dimensional cell 172 to cell 152 or three-dimensional cells.

[0088] Presence areas and presence spaces can be defined by a center having the
average latitude, longitude, and altitude coordinates of the set of locations. Presence
areas and presence spaces can be further defined by a radius determined based on
distances from locations in the set of locations to the center. The latitude, longitude,
and altitude coordinates of centers for the presence areas and presence spaces and the
radii of the presence areas and presence spaces can be stored in location database 372.
Location database 372 can store both assigned and unassigned presence areas and

presence spaces. Unassighed presence areas or presence spaces can be assigned in
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subsequent calculations by location calculation module 364. Location database 372 can
be updated periodically by location calculation module 364.

[0089] The data of location database 372 can be distributed to mobile devices
using data distribution module 376. Data distribution module 376 can send information
of assigned presence areas and presence spaces (e.g., center coordinates and radii) that
is associated with access points to mobile devices (e.g., non-GPS-enabled mobile device
160) upon request, through broadcasting, or using various push technology without
receiving requests from the mobile devices.

[0090] In some implementations, data distribution module 376 can send multiple
presence areas and presence spaces to mobile devices in one transmission session. To
reduce the number of location transmissions to the mobile devices that can consume
communication bandwidths of the mobile device, data distribution module 376 can use
neighbor locator 378 to locate cells that are neighbors of the cell in which mobile device
160 is located. Neighboring cells can include, for example, a number of cells
surrounding the cell in which mobile device 160 is located such that the total area of the
cell and the surrounding cells cover a certain geographic area (e.g., one or two squire
kilometers). Sending information on presence areas and presence spaces associated
with multiple cells (e.g., 400 cells) to mobile device 160 can reduce the number of
transmissions when mobile device 160 moves across cells. In such implementations,
data distribution module 376 only needs to send an update to mobile device 160 when

mobile device 160 moves out of all cells previously sent.

Determining Locations of Mobile Devices Using Locations Filtering
[0091] FIG. 5A illustrates techniques for determining locations of mobile devices
using locations of wireless access points. Mobile device 400 can be an exemplary mobile
device that can use locations of wireless access points to determine its location. An
exemplary section of a communication network that includes access points 400 is

illustrated.
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[0092] Mobile device 400 can be wirelessly connected to access point 404a. From
access point 404a, mobile device 400 can receive data that include information on
presence areas or presence spaces (including presence areas 406) of neighboring access
points. Mobile device 400 can store the received data on a storage device. The stored
data can be updated periodically.

[0093] In the example shown, mobile device 400 is connected to access point
400a. In addition, mobile device 400 is within communication ranges to access points
404b, 404c, and 404d. Mobile devices 400 can identify access points 404a, 404b, 404c,
and 404d under wireless communication protocols used in the WLAN (e.g., IEEE
802.11a). Access points 404a, 404b, 404c, and 404d can be identified by MAC addresses
of the access points or other identifiers (e.g., Bluetooth™ identifiers).

[0094] Mobile device 400 can identity presence areas 406a, 406b, 406¢c, and 406d
that are associated with access points 404a-d, respectively. Identifying presence areas
406a-d can include retrieving information on the presence areas 406a-d from a memory
device coupled to mobile device 400. In some implementations, mobile device 400 can
request from a server the presence areas 406a-d by sending to the server identifiers of
access points 404a-d.

[0095] Based on presence areas 406a-d, mobile device 400 can execute an iterative
process (e.g., a multi-pass analysis) on the presence areas 406a-d. The iterative process
can produce geographic area 402, which can be an estimate of mobile device 400’s
current geographic location. Geographic area 402 can be a geographic space when
three-dimensional location information is utilized. Mobile device 400 can display the
estimated current location on a display device (e.g., on a map display).

[0096] FIG. 5B is a flowchart illustrating exemplary process 410 of location
filtering using mobile country code. For convenience, process 410 will be described in
reference to mobile device 400 that implements process 410.

[0097] Mobile device 400 can wirelessly receive (412) identifiers of one or more
access points 404 and a current MCC. The identifiers (e.g., MAC addresses) of access

points 404 can be received from the access points. Access points can have overlapping
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coverage areas. For example, mobile device 400 can be located within a communication
range of multiple access points (e.g., access points 404). The MCC can be received from
a transceiver (e.g., a cell tower) of a cellular communications network.

[0098] Mobile device 400 can identify (414) a polygon that is a bounding box of a
geographic area that corresponds to the current MCC. The geographic area can
correspond to a country or a portion of a country (e.g., Alaska). The polygon can be
defined by latitude and longitude coordinates of extreme points of the geographic area.
The polygon can be identified from a geographic database storing the polygon in
association with the MCC. The geographic database can be a database local to mobile
device 400. For example, mobile device 400 can store in a local geographic database the
polygons that are bounding boxes of geographic areas identified by MCCs. The
geographic database can also be stored remotely (e.g., on a remotely-located server
computer). The geographic database can be pre-populated by a server and installed on
(e.g., downloaded to) mobile device 400.

[0099] In some implementations, polygons of countries can further be associated
with time zones, which can extend MCC based location filtering. The polygon can be
further be defined by time zones within a country. The polygon can be identified by
MCC in combination with a current time zone. For example, bounding boxes 102a-c
can be associated with MCCs 310-316 (United States). Bounding box 102a can be further
associated with Alaska time zone (Greenwich Mean Time (GMT) minus nine hours for
standard time). Bounding box 102b can be further divided to four sub-boxes, each
sub-box corresponding to Eastern Time Zone (GMT minus five hours), Central Time
Zone (GMT minus six hours), Mountain Time Zone (GMT minus seven hours), and
Pacitic Time Zone (GMT minus eight hours). Bounding box 102c can further be
associated with Hawaii/ Aleutian time zone (GMT minus 10 hours).

[00100] Mobile device 400 can receive from a cell tower an encoded current time
zone. A communications and controls processor (e.g., a baseband processor) of mobile
device 400 can decode the received current time zone. From the MCC and current time

zone, mobile device 400 can identify a sub-bounding box. If mobile device 400 detects
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that a location of an access point to which mobile device 400 is connected is outside the
sub-bounding box, the mobile device can filter out that access point. For example, if
mobile device 400 has determined that a current MCC is “310” (United States of
America), mobile device 400 can identify binding boxes 102. When mobile device 400
determines that the current time zone is GMT minus 10 hours, mobile device can
determine that the bounding box is 102c. Mobile device 400 can use bounding box 102¢
for subsequent calculations.

[00101] Mobile device 400 can select (416) a set of access point locations from a
location database using the received access point identifiers. A location can be selected
if the location is inside the identified polygon. The location database can include
identifiers of access points (e.g., MAC addresses) and corresponding geographic
coordinates of the access points. The location database can be stored on mobile device
400. For example, mobile device can include a set of pre-determined locations of access
points (e.g., access points at or near airports). The location database can be updated
periodically from a server. The location database can be updated, for example, when
the server detects a movement of an access point. Location records corresponding to
currently-connected access points that are outside the polygon corresponding to the
current MCC and time zone can be excluded from the location database and from
further calculations.

[00102] Mobile device 400 can determine (418) a current location of mobile device
400 based on an average location of the selected set of access point locations.
Determining the current location can include applying an adaptive location calculation
process to the set of access point locations, which have already been filtered using the
MCC and time zone. Further details of determining the current location, including the
adaptive location calculation process, will be described below in further detail with
respect to FIG. 5C. Mobile device 400 can display the current location on a map display
of the mobile device.

[00103] FIG. 5C is a flowchart illustrating exemplary process 418 of determining a

location of a mobile device using locations of wireless access points. For convenience,
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process 418 will be described in reference to mobile device 400 that implements process
418.

[00104] The location database can include identifiers of access points (e.g., access
points 404) of a wireless communication network (e.g., a WLAN) and a set of locations
associated with the access points. The set of locations can correspond to presence areas
406 or presences spaces associated with the access point. Each location can be
represented by geographic coordinates (e.g., latitude, longitude, and altitude). Each
location can be associated with an identifier (e.g., a MAC address) of an access point
404. In various implementations, the set of locations be received from a server
periodically or upon request.

[00105] Mobile device 400 can calculate (434) an average geographic
location using the locations in the set. Calculating the average geographic location can
include calculating an average of latitudes, longitudes, and altitudes of the locations in
the set, and designating a position at the calculated average latitude, longitude, and
altitude as the average geographic location. In some implementations, calculating the
average geographic location can include designating a location at a median latitude,
median longitude, and median altitude of the positions in the set as the average
geographic location.

[00106] Mobile device 400 can calculate (436) distances between the locations in
the set and the average geographic location. In some implementations, the system can
calculate a linear distance between each of the locations in the set and the average
geographic location in Euclid space. In some implementations, the system can calculate
a geodesic distance between each of the locations in the set and the average geographic
location, taking curvature of the earth into consideration.

[00107] The distances calculated in stage 436 can be designated as a radius
associated with a center. The center can be the average geographic location calculated
in stage 434, which can be a center of a circle (e.g., circle surrounding geographic area
402). The radius of the circle can be determined based on at least one distance between

a location in the set of locations and the average geographic location. In some
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implementations, the radius can equal to the longest distance between the average
geographic location and a location remaining in the set. In some implementations, the
radius can be a distance that, when a circle is drawn using the radius and the average
geographic location as a center, the circle can enclose a percentage (e.g., 80 percent) of
the locations remaining in the set. The radius can represent a margin of error beyond
which an estimation of a location of a non-GPS-enabled mobile device is less likely to be
statistically meaningful.

[00108] Mobile device 400 can exclude (438) from the set at least one location
based on a distance between the average location and the location. In some
implementations, the system can exclude locations whose distance to the average
geographic location exceeds a threshold distance. In each pass of the multi-pass
analysis, the system can increase a precision of the estimated average geographic
location by excluding locations that appear to be away from a concentration of locations
(e.g., a cluster). A location that is away from a cluster of locations can be less useful in
estimating a current location of mobile device 400, and can be excluded. In various
implementations, the threshold distance can vary from one pass to a next pass. In some
implementations, the threshold distance can be a distance to the average geographic
location within which a certain percentage (e.g., 95 percent) of locations in the set are
located. In some implementations, the threshold distance can be a set of distances
corresponding to the passes (e.g., 50 meters for the first pass, 30 meters for the second
pass, etc.). The system can exclude at least one location from the set when the distance
between the average geographic location and the location exceeds the threshold
distance.

[00109] Mobile device 400 can repeat stages 434, 436, and 438 of process 430 until
an exit condition is satisfied. The system can determine (440) whether an exit condition
is satistied for terminating the repetition. In some implementations, the exit condition
can be satisfied when a number of repetitions reach a threshold number (e.g., five
times). The threshold number can relate to a number of locations in the originally

received set. The threshold number, as well as the percentage of locations to exclude,
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can be configurable to fine tune a balance between certainty (e.g., a larger presence area
can result in more confidence that a mobile device in the cell is actually located in the
presence area) and precision (e.g., a smaller presence area can result in more accurate
location of a mobile device). For example, when the percentage is set to 95 percent and
the number of passes is set to 10, the final pass can produce a circle that encompasses
about 60 percent of all location data points.
[00110] In some implementations, the exit condition of stage 330 can be satisfied
when the presence area or presence space is sufficiently small. In areas where access
points 404 are highly concentrated, an estimated current location can include an area
sufficiently small that further passes will not necessarily increase the precision. The
repetition of stages 434, 436, and 438 can terminate when the radius of the circle reaches
below a threshold radius. For example, the threshold radius can be 8-10 meters. The
threshold radius can be based on radii of presence areas 406. In some implementations,
it some radii of presence areas 406 are sufficiently small, the threshold radius can be
small, to reflect a confidence on the estimate.
[00111] Mobile device 400 can display (442) the current location of mobile device
400 using a circle having the average geographic location as a center and a radius based
on at least one calculated distance. The center can be represented in latitudes and
longitudes. In some implementations where distances are calculated in three-
dimensional spaces, the center can further be represented in an altitude. In some
implementations, mobile device can further display the current location on a display
device on a map user interface. Exemplary map user interfaces will be described below
in reference to FIG. 6.

Exemplary User Interfaces for Determining Locations of Mobile Devices
[00112] FIG. 6 illustrates an exemplary user interface for determining locations of
mobile devices using locations of wireless access points. In FIG. 6, an exemplary map
(map 502) with a geographic area is displayed on mobile device 500. In some
implementations, mobile device 500 can display the map 502 on the touch sensitive

display 530 of mobile device 500. The map 502 can be displayed when a user selects the
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maps object 144 to view mapping and location based services. In some
implementations, objects, such as the maps object 144, can be selected by voice
activation. A search bar 504 and a bookmarks list object 506 can be displayed at the top
of the map 502. Below the bottom of the map one or more display objects can be
displayed, for example a search object 508, a directions object 510, a map view object
512, and a current location object 514.

[00113] The search bar 504 can be used to find an address or other location on the
map. For example, a user can enter their home address in the search bar 504, and the
region containing the address would be displayed on the map 502. The bookmarks list
object 506 can, for example, bring up a Bookmarks list that contains addresses that are
frequently visited, such as a user’s home address. The Bookmarks list can also, for
example, contain special bookmarks such as the current location (e.g. the current
location of mobile device 500).

[00114] The search object 508 can be used to display the search bar 504 and other
map related search menus. The directions object 510 can, for example, bring up a menu
interface that allows the user to enter a start and end location. The interface can then
display information (e.g., directions and travel time for a route from the start location to
the end location). The map view object 512 can bring up a menu that will allow the user
to select display options for the map 502. For example, the map 502 can be changed
from black and white to color, the background of the map can be changed, or the user
can change the brightness of the map.

[00115] The current location object 514 can allow the user to see a geographic area
516 on the map 502 indicating where the device 150 is currently located. Geographic
area 516 can correspond to an estimated geographic area (e.g., geographic area 402)
whose center is an average geographic location of data points associated with access
points that are within communication range of mobile device 500. Radius of geographic
area 516 can be determined based on a distance between the average geographic
location and one or more locations associated with the access points. A special current

location bookmark can be placed in the Bookmarks list when the current location object
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514 is selected. If the special current location bookmark was previously set in the
Bookmarks list, the old bookmark information can, for example, be replaced with the
new current location information. In some implementations, the special current
location bookmark is tied to the centroid of geographic area 516. That is, the special
current location bookmark can include the coordinates for the centroid of the
geographic area 516. The geographic area 516 can be based on location data determined
or estimated using location instructions stored in a memory device of mobile device
500. The geographic area 516 can, for example, be depicted by a circle, rectangle,
square, hexagon, or other enclosed region with crosshairs, or some other distinctive
element to differentiate the geographic area 516 from the map 502.

[00116] In some implementations, geographic area 516 can indicate a region in
which mobile device 500 is determined or estimated to be located, and the geographic
area may not necessarily be centered on the actual current position of mobile device
500. In this example, mobile device 500 may be located off-center within the geographic
area. In another example, geographic area 516 can be centered on an estimated current
position of mobile device 500.

[00117] Mobile device 500 can, for example, center the map view on the
geographic area 516 when the current location object 514 is tapped or otherwise
selected. In some implementations, the zoom level of the map can be adjusted based on
the accuracy or precision of the location data or the technology, system, or service that
provided the location data. For example, the map can be zoomed out when mobile
device 500 cannot receive GPS signals for lower accuracy and uses access point data to
determine its location. The map can be zoomed in for higher accuracy if mobile device
500 is capable of using GPS location data to determine its current location. In some
implementations, the zoom level can be based on the velocity of mobile device 500 (e.g.,
the map can be zoomed out at higher velocities and zoomed in when mobile device 500
is not moving). A combination of accuracy or precision and velocity can also be used.
[00118] If all methods for retrieving location-based data fail (e.g., when mobile

device 500 is not within communication range of any access point, or when validity
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checker 366 determines that no presence area can be associated with any access points
where mobile device 500 can be connected), and there are no other systems or services
available for determining or estimating the current position of mobile device 500, an
error can be displayed to the user and no geographic area is displayed on the map 502.
The error can, for example, contain a message to the user informing them of the failure
and the possible reason or reasons for the failure.

[00119] Current location object 514 can be selected, for example, to activate the
estimating and displaying of geographic area 516 on map 502, to get directions to or
from the estimated current location (i.e., the centroid of geographic area 516), to send
the estimated current location of mobile device 500 to a friend (e.g., such that the friend

can go to the same location), or to create a bookmark for the estimated current location.

Exemplary Mobile Device Architecture
[00120] FIG. 7 is a block diagram of an exemplary architecture 700 of a mobile
device. The Mobile device can be, for example, a handheld computer, a personal digital
assistant, a cellular telephone, an electronic tablet, a network appliance, a camera, a
smart phone, an enhanced general packet radio service (EGPRS) mobile phone, a
network base station, a media player, a navigation device, an email device, a game
console, or a combination of any two or more of these data processing devices or other
data processing devices.
[00121] The mobile device can include a memory interface 702, one or more data
processors, image processors and/or central processing units 704, and a peripherals
interface 706. The memory interface 702, the one or more processors 704 and/or the
peripherals interface 706 can be separate components or can be integrated in one or
more integrated circuits. The various components in the mobile device 150 can be
coupled by one or more communication buses or signal lines.
[00122] Sensors, devices, and subsystems can be coupled to peripherals interface
706 to facilitate multiple functionalities. For example, motion sensor 710, light sensor

712, and proximity sensor 714 can be coupled to peripherals interface 706 to facilitate
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orientation, lighting, and proximity functions of the mobile device. Location processor
715 (e.g., GPS receiver) can be connected to peripherals interface 706 to provide
geopositioning. Electronic magnetometer 716 (e.g., an integrated circuit chip) can also
be connected to peripherals interface 706 to provide data that can be used to determine
the direction of magnetic North.

[00123] Camera subsystem 720 and an optical sensor 722, e.g., a charged coupled
device (CCD) or a complementary metal-oxide semiconductor (CMOS) optical sensor,
can be utilized to facilitate camera functions, such as recording photographs and video
clips.

[00124] Communication functions can be facilitated through one or more wireless
communication subsystems 724, which can include radio frequency receivers and
transmitters and/or optical (e.g., infrared) receivers and transmitters. The specific
design and implementation of the communication subsystem 724 can depend on the
communication network(s) over which the mobile device is intended to operate. For
example, the mobile device may include communication subsystems 724 designed to
operate over a GSM network, a GPRS network, an EDGE network, a Wi-Fi or WiMax
network, and a Bluetooth network. In particular, the wireless communication
subsystems 724 may include hosting protocols such that the device may be configured
as a base station for other wireless devices.

[00125] Audio subsystem 726 can be coupled to a speaker 728 and a microphone
730 to facilitate voice-enabled functions, such as voice recognition, voice replication,
digital recording, and telephony functions.

[00126] I/O subsystem 740 can include a touch screen controller 742 and/or other
input controller(s) 744. Touch-screen controller 742 can be coupled to a touch screen
746 or pad. Touch screen 746 and touch screen controller 742 can, for example, detect
contact and movement or break thereof using any of a plurality of touch sensitivity
technologies, including but not limited to capacitive, resistive, infrared, and surface
acoustic wave technologies, as well as other proximity sensor arrays or other elements

for determining one or more points of contact with touch screen 746.

36



WO 2011/088239 PCT/US2011/021182

[00127] Other input controller(s) 744 can be coupled to other input/control
devices 748, such as one or more buttons, rocker switches, thumb-wheel, infrared port,
USB port, and/or a pointer device such as a stylus. The one or more buttons (not
shown) can include an up/down button for volume control of speaker 728 and/or
microphone 730.

[00128] In one implementation, a pressing of the button for a first duration may
disengage a lock of the touch screen 746; and a pressing of the button for a second
duration that is longer than the first duration may turn power to the mobile device on
or off. The user may be able to customize a functionality of one or more of the buttons.
The touch screen 746 can, for example, also be used to implement virtual or soft buttons
and/or a keyboard.

[00129] In some implementations, the mobile device can present recorded audio
and/or video files, such as MP3, AAC, and MPEG files. In some implementations, the
mobile device can include the functionality of an MP3 player, such as an iPod™. The
mobile device may, therefore, include a pin connector that is compatible with the iPod.
Other input/output and control devices can also be used.

[00130] Memory interface 702 can be coupled to memory 750. Memory 750 can
include high-speed random access memory and/or non-volatile memory, such as one
or more magnetic disk storage devices, one or more optical storage devices, and/or
tflash memory (e.g.,, NAND, NOR). Memory 750 can store operating system 752, such as
Darwin, RTXC, LINUX, UNIX, OS X, WINDOWS, or an embedded operating system
such as VxWorks. Operating system 752 may include instructions for handling basic
system services and for performing hardware dependent tasks. In some
implementations, operating system 752 can include a kernel (e.g., UNIX kernel).

[00131] Memory 750 may also store communication instructions 754 to facilitate
communicating with one or more additional devices, one or more computers and/or
one or more servers. Memory 750 may include graphical user interface instructions 756
to facilitate graphic user interface processing; sensor processing instructions 758 to

facilitate sensor-related processing and functions; phone instructions 760 to facilitate
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phone-related processes and functions; electronic messaging instructions 762 to
facilitate electronic-messaging related processes and functions; web browsing
instructions 764 to facilitate web browsing-related processes and functions; media
processing instructions 766 to facilitate media processing-related processes and
functions; GPS/Navigation instructions 768 to facilitate GPS and navigation-related
processes and instructions; camera instructions 770 to facilitate camera-related
processes and functions; magnetometer data 772 and calibration instructions 774 to
facilitate magnetometer calibration. Memory 750 can include location instructions 776
that can be used to transmit a current location to an access point, and to determine an
estimated current location based on location data associated with access points to which
the mobile device is within a communication range. Memory 750 can also store other
software instructions (not shown), such as security instructions, web video instructions
to facilitate web video-related processes and functions, and/or web shopping
instructions to facilitate web shopping-related processes and functions. In some
implementations, the media processing instructions 766 are divided into audio
processing instructions and video processing instructions to facilitate audio processing-
related processes and functions and video processing-related processes and functions,
respectively. An activation record and International Mobile Equipment Identity (IMEI)
or similar hardware identifier can also be stored in memory 750.

[00132] Each of the above identified instructions and applications can correspond
to a set of instructions for performing one or more functions described above. These
instructions need not be implemented as separate software programs, procedures, or
modules. Memory 750 can include additional instructions or fewer instructions.
Furthermore, various functions of the mobile device can be implemented in hardware
and/or in software, including in one or more signal processing and/or application
specific integrated circuits.

[00133] A number of implementations of the subject matter have been described.
Nevertheless, it will be understood that various modifications can be made without

departing from the spirit and scope of the invention. For example, the location-aware
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devices are referred to as GPS-enabled. Location-aware mobile devices can also be
based triangulation or other technology. Cells are represented as substantially
rectangular in shape in the figures. The actual shape of a cell can vary. Locations are
described as “circles.” The term “circle” used in this specification can include any
geometric shape (e.g., an ellipsis, a square, a convex or concave polygon, or a free-style
shape) that need not be perfectly circular but is closed or has an appearance of an
enclosure. The radius of a geometric shape that is not perfectly circular can include an
average distance between various points on the boundary of the geometric shape and a
center of the geometric shape. WiFi and WiMax networks are used as examples. Other
wireless technology (e.g., cellular network) can also be employed. Accordingly, other

implementations are within the scope of the following claims.

What is claimed is:
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CLAIMS

1. A method executed by a mobile device, comprising:

receiving identifiers of one or more access points of a wireless communications
network and a current mobile country code (MCC);

identifying a polygon that is a bounding box of a geographic area that
corresponds to the current MCC;

selecting a set of access point locations from a location database using the
received identifiers, where the access point locations are inside the identified polygon;
and

determining a current location of the mobile device based on an average location

of the selected set of access point locations.

2. The method of claim 1, further comprising:
storing in a geographic database polygons that are bounding boxes of geographic
areas identified by mobile country codes; and

storing in the location database on a storage device of the mobile device.

3. The method of claim 1, further comprising:

displaying the current location on a map display of the mobile device.

4. The method of claim 1, where the identifiers of the access points include Media

Access Control (MAC) addresses of the access points.

5. The method of claim 1, where the polygon is defined by latitude and longitude

coordinates of points of the geographic area.
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6. The method of claim 1, where the geographic area further corresponds to a time
zone.
7. The method of claim 1, where determining the current location comprises:

a calculating an average geographic location using the set of access point
24 ge geograp 24 P

locations;

b calculating distances between the average geographic location and access

24 ge geograp

point locations in the set;

() excluding at least one access point location from the set based on a
distance between the average geographic location and the at least one location;

d repeating (a), (b), and (c) until an exit condition is satisfied; and

P 24

(e) designating a current location of the mobile device using a circle having

the average geographic location as a center and a radius based on at least one calculated

distance.

8. The method of claim 7, where the exit condition is satisfied when a number of

repetitions reaches a threshold number.

9. The method of claim 7, where the exit condition is satisfied when the radius of

the circle reaches below a threshold radius

10. The method of claim 7, where each of the locations in the set includes a latitude,

and a longitude.

11. A system, comprising;:
a mobile device configured to perform operations comprising;:
receiving identifiers of one or more access points of a wireless
communications network and a current mobile country code (MCC);

identifying a polygon that is a bounding box of a geographic area that
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corresponds to the current MCC;

selecting a set of access point locations from a location database using the
received identifiers, where the access point locations are inside the identified polygon;
and

determining a current location of the mobile device based on an average

location of the selected set of access point locations.

12, The system of claim 11, the operations further comprising:
storing in a geographic database polygons that are bounding boxes of geographic
areas identified by mobile country codes; and

storing in the location database on a storage device of the mobile device.

13.  The system of claim 11, the operations further comprising:

displaying the current location on a map display of the mobile device.

14.  The system of claim 11, where the identifiers of the access points include Media

Access Control (MAC) addresses of the access points.

15.  The system of claim 11, where the polygon is defined by latitude and longitude

coordinates of points of the geographic area.

16.  The system of claim 11, where the geographic area further corresponds to a time
zone.
17. The system of claim 11, where determining the current location comprises:

(a)  calculating an average geographic location using the set of access point
locations;
(b)  calculating distances between the average geographic location and access

point locations in the set;
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() excluding at least one access point location from the set based on a
distance between the average geographic location and the at least one location;

(d)  repeating (a), (b), and (c) until an exit condition is satisfied; and

(e)  designating a current location of the mobile device using a circle having
the average geographic location as a center and a radius based on at least one calculated

distance.

18. The system of claim 17, where the exit condition is satisfied when a number of

repetitions reaches a threshold number.

19. The system of claim 17, where the exit condition is satistied when the radius of

the circle reaches below a threshold radius

20.  The system of claim 17, where each of the locations in the set includes a latitude,

and a longitude.

21. A computer program product tangibly stored on a storage device, operable to
cause a mobile device to perform operations comprising:

receiving identifiers of one or more access points of a wireless communications
network and a current mobile country code (MCC);

identifying a polygon that is a bounding box of a geographic area that
corresponds to the current MCC;

selecting a set of access point locations from a location database using the
received identifiers, where the access point locations are inside the identified polygon;
and

determining a current location of the mobile device based on an average location

of the selected set of access point locations.
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22.  The product of claim 21, the operations further comprising;
storing in a geographic database polygons that are bounding boxes of geographic
areas identified by mobile country codes; and

storing in the location database on a storage device of the mobile device.

23.  The product of claim 21, the operations further comprising;

displaying the current location on a map display of the mobile device.

24.  The product of claim 21, where the identifiers of the access points include Media

Access Control (MAC) addresses of the access points.

25.  The product of claim 21, where the polygon is defined by latitude and longitude

coordinates of points of the geographic area.

26.  The product of claim 21, where the geographic area further corresponds to a time
zone.
27.  The product of claim 21, where determining the current location comprises:

(a)  calculating an average geographic location using the set of access point
locations;

(b)  calculating distances between the average geographic location and access
point locations in the set;

() excluding at least one access point location from the set based on a
distance between the average geographic location and the at least one location;

ge geograp
d repeating (a), (b), and (c) until an exit condition is satisfied; and
P g

(e) designating a current location of the mobile device using a circle having

the average geographic location as a center and a radius based on at least one calculated
ge geograp

distance.
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28. The product of claim 27, where the exit condition is satistied when a number of

repetitions reaches a threshold number.

29. The product of claim 27, where the exit condition is satisfied when the radius of

the circle reaches below a threshold radius

30. The product of claim 27, where each of the locations in the set includes a latitude,

and a longitude.
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