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(57) Abstract: Methods, program products, and systems of location estimation using multiple wireless access gateways are dis-
closed. In general, in one aspect, a mobile device can scan and detect multiple wireless access gateways. The mobile device can de -
termine an initial estimate of distance between the mobile device and each wireless access gateway. The mobile device can receive,
from a server, location data of the detected wireless access gateways. The location data can include an estimated location of each
wireless access gateway, an uncertainty of the estimated location, and a reach of each wireless access gateway. The mobile device
can assign a weight to each estimated location using the uncertainty, the reach, and the initial estimate. The mobile device can estim -
ate the location of the mobile device using the weighted locations.
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MOBILE DEVICE LOCATION ESTIMATION

TECHNICAL FIELD
[0001] This disclosure relates generally to geographic location determination.
BACKGROUND
[0002] A wireless communications network can employ various technologies for

mobile devices to communicate wirelessly. The wireless communications network can
include one or more wireless access gateways for connecting a mobile device to another
mobile device or to a wired network. The wireless access gateways can include, for
example, cell towers or wireless access routers of a wireless local area network (WLAN),
a metropolitan area network (MAN), or a personal area network (PAN). Each of the
wireless access gateways can serve mobile devices located in a geographic area (e.g., a
cell of a cellular network).

[0003] A mobile device can include one or more location-based applications that
are configured to perform location-specific tasks. A mobile device equipped with a
receiver of a global navigation satellite system (GNSS), such as the Global Positioning
System (GPS), can use a location determined by the GNSS as an input to a
location-based application. A mobile device not equipped with a GNSS receiver, or a
mobile device located in an area where GNSS signals are weak (e.g., inside buildings),
can use alternative ways to determine a location. For example, if the location of a
wireless access gateway is known, and a mobile device is connected to the wireless
access gateway, the mobile device can estimate a current location using a location of the

connected wireless access gateway.

SUMMARY
[0004] Methods, program products, and systems of location estimation using
multiple wireless access gateways are disclosed. In general, in one aspect, a mobile
device can scan and detect multiple wireless access gateways. The mobile device can

determine an initial estimate of distance between the mobile device and each wireless
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access gateway. The mobile device can receive, from a server, location data of the
detected wireless access gateways. The location data can include an estimated location
of each wireless access gateway, an uncertainty of the estimated location, and a reach of
each wireless access gateway. The mobile device can assign a weight to each estimated
location using the uncertainty, the reach, and the initial estimate. The mobile device can
estimate the location of the mobile device using the weighted locations.

[0005] The techniques described in this specification can be implemented to
achieve the following exemplary advantages. The locations of wireless access gateway
can be used to supplement GNSS location estimation. When the mobile device is not
equipped with GNSS functions, the mobile device can use the locations of wireless
access gateways to determine a current location. For a mobile device equipped with
GNSS, the location estimation can be used to supplement the GNSS when the GNSS
signals are weak. In addition, GNSS signal acquisition time can be improved over a
conventional mobile device. The mobile device can estimate a location using the
locations of wireless access gateways to assist in determining to which GNSS satellite
the mobile device will connect.

[0006] The estimated location of a wireless access gateway can include an
altitude. Thus, mobile device can determine a current location in a three-dimensional
space. The three-dimensional location information can be useful, for example, in
determining on which floor of a high-rise building the mobile device is located. The
altitude can supplement latitude or longitude coordinates. Accordingly, for example,
an altitude profile can be created for a street or a park.

[0007] The details of one or more implementations of mobile device location
estimation are set forth in the accompanying drawings and the description below.
Other features, aspects, and advantages of mobile device location estimation will

become apparent from the description, the drawings, and the claims.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0008] FIG. 1 is a block diagram providing an overview of exemplary techniques
of mobile device location estimation.
[0009] FIG. 2A is a diagram of exemplary mobile device location estimation
based on estimated locations of wireless access gateways.
[0010] FIG. 2B is a diagram of exemplary mobile device location estimation based
on estimated locations of wireless access gateways in a three-dimensional space.
[0011] FIG. 3 is a block diagram illustrating functional components of an

exemplary system of location estimation.

[0012] FIG. 4 is a flowchart of an exemplary process of mobile device location
estimation.
[0013] FIG. 5 is a flowchart of an exemplary process of removing outliers in

location estimation.

[0014] FIG. 6 illustrates an exemplary user interface displaying an estimated
location.
[0015] FIG. 7 is a block diagram illustrating an exemplary device architecture of a

mobile device implementing the features and operations of location estimation.
[0016] FIG. 8 is a block diagram of exemplary network operating environment
for mobile devices performing location estimation.

[0017] Like reference symbols in the various drawings indicate like elements.
DETAILED DESCRIPTION

Owverview of Mobile Device Location Estimation
[0018] FIG. 1 is a block diagram providing an overview of exemplary techniques
of mobile device location estimation. Mobile device 100 is an exemplary mobile device
configured to estimate a current location using locations of multiple wireless access
gateways. Mobile device 100 can perform access device scanning operations 102 to
detect one or more wireless access gateways (e.g., cell towers or wireless routers).

Access device scanning operations 102 can produce a list of access device identifiers
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104. Access device identifiers 104 can include cell identifiers of cell towers, or media
access control (MAC) addresses of wireless routers, or both. Each of the access device
identifiers 104 can represent a wireless access gateway whose signal mobile device 100
has detected in the access device scanning operations 102. Access device scanning
operations 102 can detect any number of wireless access gateways. As an example,
access device identifiers 104 can include identifiers Pq and Pr of the detected wireless
access gateways.

[0019] Mobile device 100 can perform mobile device location estimation
operations 106 to estimate a location of mobile device 100. Mobile device location
estimation operations 106 can send request 107 to server 108 requesting location data
for the detected wireless access gateways Pq and Pr. Request 107 can include all or a
portion of access device identifiers 104.

[0020] In response to request 107, mobile device 100 can receive location data 109
from server 108. Location data 109 can include a location of each of the detected
wireless access gateways, an uncertainty value of each location, and a reach of each of
the detected wireless access gateways. Mobile device location estimation operations 106
can assign a weight to each of the received locations. The weight of a location
associated with a wireless access gateway (e.g., Pq) can be determined based on an
uncertainty value associated with the estimated location, the reach, and a closeness
between mobile device 100 and the wireless access gateway. The closeness between
mobile device 100 and the wireless access gateway can include a coarse measure (e.g., a
two-level measure “close” or “not close”) of distance between mobile device 100 and
the wireless access gateway. Mobile device 100 can determine a location of mobile
device 100 using the weighted locations, for example, by averaging the weighted
locations. Further details of assigning weights to received locations and calculating the
location of mobile device 100 will be discussed below in reference to FIGS. 2A-2B.
[0021] Location data 109, including locations of the detected wireless access
gateways can be determined by server 108, independently from mobile device location

estimation operations 106 of mobile device 100. Server 108 can include a system of one
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or more computers connected to mobile device 100 through a wired or wireless
communications network. Server 108 can generate location data 109 using data
harvesting operations 110 and access device location estimation operations 112.

[0022] Data harvesting operations 110 can include receiving anonymous location
information from multiple mobile devices. The anonymous location information can
include location coordinates associated with each of the wireless access gateways
Pa...Pz. The location coordinates can include latitude, longitude, and altitude
coordinates. The latitude, longitude, and altitude coordinates can be derived from
GNSS-enabled mobile devices providing the coordinates. The wireless access gateways
can be wireless access gateway located within a communication range of, or are
connected to, the GNSS-enabled mobile devices. Data harvesting operations 110 can
produce a set 114 of identifiers of wireless access gateways tagged with location
coordinates.

[0023] Access device location estimation operations 112 can generate location
data 109 from set 114 of identifiers of wireless access gateways. Access device location
estimation operations 112 can estimate a location of each of the wireless access
gateways Pa...Pz by applying a probability density function to the received locations
associated with each wireless access gateway. The probability density function can
include a sufficient statistic for estimating the location of each wireless access gateway.
Based on the set 114 of identifiers and associated locations, access device location
estimation operations 112 can determine an uncertainty value of each estimated
location, and a reach of each wireless access gateway.

[0024] FIG. 2A is a diagram of mobile device location estimation based on
estimated locations of wireless access gateways. The location estimation can include
weighting locations with various factors, which will be described below.

[0025] The estimated locations 201 and 203 being weighted can be contained in
estimated location regions 202 and 204. Location data 109 (as described in reference to
FIG. 1) can include location information on wireless access gateways Pq and Pr. The

location information can include estimated locations 201 and 203 on wireless access



WO 2012/166920 PCT/US2012/040209

gateways Pq and Pr, respectively. Each of the estimated locations 201 and 203 in
estimated location regions 202 and 204 can include a latitude and a longitude. An
estimated location of a wireless access gateway is a likely location of a mobile device
that can detect the wireless access gateway. The estimated locations 201 and 203 need
not correspond to the physical location of the wireless access gateways Pq and Pr. In
FIG. 2A, the physical location of wireless access gateway Pq is outside the estimated
location region 202 of Pq; the physical location of wireless access gateway Pr is inside
the estimated location 204 of Pr.

[0026] Some factors for weighting the estimated locations 201 and 203 can
include uncertainty values for the estimated locations 201 and 203. Each of the
estimated locations 201 and 203 can be associated with an uncertainty value. The
uncertainty values can indicate an estimation accuracy of the each of the estimated
locations 201 and 203. In FIG. 2A, the uncertainty values are represented as radii rl
and r2 of estimated location regions 202 and 204.

[0027] Some factors for weighting the estimated locations 201 and 203 can
include reaches 206 and 208 of wireless access gateways Pq and Pr. The location
information in location data 109 can include reaches 206 and 208 of wireless access
gateways Pq and Pr, respectively. A reach of a wireless access gateway can indicate a
distance from how far away the wireless access gateway can be expected to be observed
by a mobile device. The reach can be determined, for example, based on a distance
between a location of a mobile device in harvested data and the estimated location. The
values of reaches 206 and 208 are represented by radii r3 and r4 of the circles 214 and
216 representing reaches 206 and 208, respectively. Reaches 206 and 208 can be
associated with the estimated locations of wireless access gateways Pq and Pr.
Accordingly, wireless access gateways Pq and Pr need not be physically located at
centers of circles 214 and 216.

[0028] Some factors for weighting the estimated locations 201 and 203 can
include a closeness between mobile device 100 and the detected wireless access gateway

Pq or Pr to determine a location of mobile device 100. In some implementations, the
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closeness between mobile device 100 and the detected wireless access gateway Pq and
Pr can be represented by distances 210 and 212 between mobile device 100 and the
detected wireless access gateways Pq and Pr, respectively. In some implementations,
the closeness can be determined using a received signal strength indication (RSSI)
measured at mobile device 100. The closeness can be determined using a round trip
time (also known as round trip delay time) of a signal between mobile device 100 and
wireless access gateway Pq, or a signal between mobile device 100 and wireless access
gateway Pr. In some implementations, the closeness can be determined using a bit error
rate of a signal.

[0029] The closeness need not correspond to respective physical distances
between mobile device 100 and wireless access gateways Pq and Pr. For example, a
physical barrier between mobile device 100 and wireless access gateway Pq can
significantly attenuate the signal traveling between mobile device 100 and wireless
access gateway Pq such that the RSSI indicates that mobile device 100 and wireless
access gateway Pq are farther apart than they physically are apart. Because other
factors are used in calculating a location of mobile device 100, the technology disclosed
in this specification has an advantage over a conventional device that uses RSSI and
triangulation alone, in that errors caused by interferences from physical barriers can be
mitigated by the other factors.

[0030] In weighting the estimated location using the factors, mobile device 100
can apply the following strategy. A larger reach of a wireless access gateway can
provide lower weight of the estimation location of the wireless access gateway. A
higher uncertainty value associated with an estimated location can provide lower
weight of the estimation location of the wireless access gateway. A greater distance
between mobile device 100 and a wireless access gateway can provide a lower weight of
the estimation location of the wireless access gateway.

[0031] In some implementations, the weight Wp of an estimated location of
wireless access gateway P (e.g., Pq or Pr) can be measured using the following formula.

Wp=(A— AB)C + 4B, (1)
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where Wp is a weight of the estimated location (e.g., the estimated locations 201 and
203) of wireless access gateway P; A is an uncertainty weight, which can be a
component of the weight Wp determined based on an uncertainty value associated with
the estimated location of wireless device P; B is a reach weight, which can be a
component of the weight Wp determined based on a reach (e.g., reach 206 or 208) of
wireless device P; C is a closeness weight, which can be a component of the weight Wp
determined based on a closeness between mobile device 100 and wireless access
gateway P. In some implementations, the closeness can be an initial measurement of a
distance between mobile device 100 and wireless access gateway P using the RSSI.
[0032] In some implementations, the uncertainty weight A, reach weight B, and
closeness weight C can be calculated using the following formulae:

_URNCErt yeswe

A= Tew (2)
1€ACh e
B= e T reach ’ (3)
RSS! measurediRSS[ MAX
C= e T gsst ’ (4)

where uUncertmeasured is a the uncertainty value associated with an estimated location of
wireless access gateway P, as determined on a server (e.g., server 108 of FIG. 1);

reachmeasured is a reach associated with wireless access gateway P as determined on a

server; RSSI heasured is an RSSI measured at mobile device 100; RSSIypax is a maximum
RSSI value; and t models exponential decay as a function of the respective parameter
uncert, reach, or RSSI.

[0033] Mobile device 100 can determine a location of mobile device 100 using the
weighted estimated locations 201 and 203. Determining the location of mobile device
100 can include calculating a weighted average of the weighted estimated locations 201
and 203.

[0034] FIG. 2B is a diagram of mobile device location estimation based on

estimated locations of wireless access gateways in a three-dimensional space. The
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three-dimensional space can be defined by latitude, longitude, and altitude. The
location estimation can include determining a latitude, a longitude, and an altitude of
mobile device 100 by weighting estimated locations 221 and 223 of wireless access
gateways Pq and Pr.

[0035] Estimated locations 221 and 223 of wireless access gateways Pq and Pr can
each include a latitude coordinate, a longitude coordinate, and an altitude coordinate of
the respective wireless access gateway. Each of the locations 221 and 223 can be
associated with an uncertainty value. The uncertainty values are represented in FIG. 2B
as radii r5 and r6 of spheres 222 and 224, respectively. Reaches 226 and 228 of wireless
access gateways Pq and Pr can be represented by radii r7 and r8 of spheres 234 and 236
representing reaches 226 and 228, respectively. Reaches 226 and 228 can be associated
with the estimated locations of wireless access gateways Pq and Pr. Accordingly,
wireless access gateways Pq and Pr need not be physically located at center of spheres
234 and 236

[0036] Mobile device 100 can determine closeness between mobile device 100 and
wireless access gateways Pq and Pr using coarse measurements of distances 230 and 232
between mobile device 100 and wireless access gateways Pq and Pr, respectively.
Mobile device 100 can assign a weight to each of the estimated locations 221 and 223
based on the corresponding uncertainty value, reaches 226 and 228, and distances 230
and 232. In some implementations, mobile device can apply formulae (1)-(4) as
described above in reference to FIG. 2A.

[0037] By determining an altitude in addition to a latitude and longitude, mobile
device 100 can provide more customized location-based services than a conventional
mobile device. For example, mobile device 100 can identify on which floor and in
which section of building 240 mobile device 100 is located, and provide for display

information related to businesses on that floor and in that section.

Exemplary Component of a Location Estimation System
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[0038] FIG. 3 is a block diagram illustrating functional components of an
exemplary location estimation system 300. System 300 can be a component of mobile
device 100 as described above in reference to FIGS. 1 and 2A-2B.

[0039] System 300 can include wireless signal processing unit 302. Wireless
signal processing unit 302 can include a baseband processor for processing signals from
a cell tower, or a wireless processor (e.g., a WiFi™ chip) for processing signals from a
wireless router, or both. Wireless signal processing unit 302 can include transceiver 304.
Transceiver 304 is a component of wireless signal processing unit 302 that is configured
to send and receive wireless signals. Wireless signal processing unit 302 can include
signal scanner 306 and signal analyzer 308. Signal scanner 306 is a component of
wireless signal processing unit 302 that is configured to cause transceiver 304 to scan
one or more communication channels to detect wireless signals from wireless access
gateways (a cell tower or a wireless router). The signals can include one or more
identifiers of the wireless access gateways. Signal analyzer 308 is a component of
wireless signal processing unit 302 that is configured to analyze the detected wireless
signal and determine the round trip time, the bit error rate, the RSSI, or other
characteristics of the signal that can indicate a closeness between system 300 and the cell
tower or wireless router.

[0040] Wireless signal processing unit 302 can send the identifiers of the wireless
access gateway, as well as the information indicating the closeness, to location
calculation unit 310. Location calculation unit 310 is a component of system 300 that is
configured to determine a location of mobile device 100. Location calculation unit 310
can include an application processor and computer instructions for controlling the
application processor. Location calculation unit 310 can include data requesting unit
312. Data requesting unit 312 can be a component of location calculation unit 310 that is
configured to request location data of the detected wireless access gateways using the
identifiers from wireless signal processing unit 302. Data requesting unit 312 can send
the identifiers to a server using a wireless connection through transceiver 304, using a

wired connection, or from location data store 314. Location data store 314 can include a

10



WO 2012/166920 PCT/US2012/040209

non-transitory storage device storing the location data. The location data can include
estimated locations of the detected wireless access gateways, uncertainty values, and
reaches of the detected wireless access gateways.

[0041] Location calculation unit 310 can include location filtering unit 316.
Location filtering unit 316 can be a component of location calculation unit 310 that is
configured to analyze the location data and filter out one or more outliers from the
location data. Filtering out the one or more outliers can reduce a probability that a
defective estimated location of a wireless access gateway is used in subsequent
calculations, and thus improve the accuracy location estimation of mobile device 100.
Further details of operations of filtering out outliers will be described below in reference
to FIG. 5.

[0042] Location calculation unit 310 can include location estimation unit 318.
Location estimation unit 318 is a component of location calculation unit 310 that is
configured to estimate a location of system 300 based on the filtered location data.
Further details of the operations of estimating the location are described above in
references to FIGS. 2A-2B.

[0043] Location calculation unit 310 can optionally include location user interface
320. Location user interface 320 can include a display device configured to display the
estimated location on a map. The display device can additionally or alternatively be
configured to display location related information. The location related information can
include, for example, names of businesses on a floor of a building, when system 300 is
on that floor of that building according to a latitude, a longitude, and an altitude of the
estimated location. An example location user interface 320 is described in further

details below in reference to FIG. 6.

Exemplary Location Estimation Processes
[0044] FIG. 4 is a flowchart of exemplary process 400 of mobile device location
estimation. Process 400 can be performed by system 300 of mobile device 100, as

described above in reference to FIG. 3.
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[0045] System 300 can detect (402), on mobile device 100, multiple wireless access
gateways. Each of the wireless access gateways can include at least one of a cell tower,
a wireless router, or a or a Bluetooth™ device.

[0046] System 300 can determine (403) a closeness between mobile device 100
and each wireless access gateway. The closeness can be an initial measurement of a
distance between mobile device 100 and each wireless access gateway based on a signal
traveling between mobile device 100 and each of the wireless access gateways. The
closeness can correspond to a measured distance or a physical distance between mobile
device 100 and each of the wireless access gateways. Determining the closeness can be
based on a signal strength of a signal from the wireless access gateway (e.g., RSSI), a
round-trip time of a signal between mobile device 100 and the wireless access gateway,
a bit error rate of a signal between mobile device 100 and the wireless access gateway,
or a combination of the above.

[0047] System 300 can receive (404) location data associated with each of the
detected wireless access gateways. The location data can be received from a server
connected to mobile device 100 through a communications network using a wired or
wireless connection, or from a location data store coupled to the system 300.

[0048] The received location data can include an estimated location of each
detected wireless access gateway, an uncertainty value associated with the estimated
location, and a reach of each detected wireless access gateway. The estimated location
of each detected wireless access gateway can include a latitude coordinate and a
longitude coordinate of the wireless access gateway. In some implementations, the
estimated location of each detected wireless access gateway can include an altitude
coordinate of the wireless access gateway. The uncertainty value can indicate an
estimation accuracy of the estimated location. The reach of each wireless access
gateway can indicate how far away the wireless access gateway is expected to be
observed by a mobile device.

[0049] System 300 can weight (406) the estimated locations of the detected

wireless access gateways using (1) the uncertainty value associated with each estimated
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location; (2) the reach of each detected wireless access gateway; and (3) the measured
closeness between the mobile device and each detected wireless access gateway.
[0050] Weighting the estimated locations can include assigning a larger weight to
a wireless access gateway having a smaller reach, assigning a larger weight to a wireless
access gateway having a smaller uncertainty value, and assigning a larger weight to a
wireless access gateway that is closer to the mobile device. Weighting the estimated
locations can include determining the weight using a weight A, reach weight B, and
closeness weight C as described above in formulae (1)-(4) in reference to FIG. 2A.
[0051] System 300 can determine (408) a location of mobile device 100 based on
the weighted locations. Determining the location of mobile device 100 can include
determining an average of the weighted locations. The location can be displayed on a
display device or given as an input to one or more system functions or application
programs. The system can determine, based on the weighted locations, an estimated
uncertainty associated with the location of the mobile device using the following
formula.

u=E[loc?]-E[loc]?, (5)
where u is the uncertainty value; E[loc] is the estimated location; and E[loc?] is the
second moment of the estimated location.
[0052] The system can optionally perform operations to remove outliers in the
location data. The operations of removing outliers will be described in further detail
below in reference to FIG. 5.
[0053] FIG. 5 is a flowchart of exemplary process 500 of removing outliers in
location estimation. The process can be performed by system 300 of mobile device 100,
as described above in reference to FIG. 3.
[0054] The system can receive estimated locations of wireless access gateways
detected in a scan. The system can calculate (502) a distance between each pair of the
estimated locations. The distance can be a Euclidean distance in a two-dimensional or

three-dimensional space.

13
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[0055] The system can identify (504) an outlier from the estimated locations. The
system can determine, based on the calculated distances, that a wireless access gateway
is located at a location significantly different from other estimated locations. The
wireless access gateway is located at a location significantly different from other
estimated locations if, for example, the distance between the wireless access gateway
and other wireless access gateways exceeds a maximum reach among the reaches of the
detected wireless access gateways. The system can designate this wireless access
gateway as an outlier. The system can exclude (506) the outlier from further

calculations.

Exemplary User Interface
[0056] FIG. 6 is an exemplary location user interface 320 of mobile device 100.
Mobile device 100 can include a touch-sensitive display device 630. Mobile device 100
can display map 602 of a geographic area on touch-sensitive display device 630.
[0057] The search bar 604 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 604, and the
region containing the address would be displayed on the map 602. The bookmarks list
object 606 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 100).
[0058] The search object 608 can be used to display the search bar 604 and other
map related search menus. The directions object 610 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 612 can bring up a menu that will allow the user
to select display options for the map 602. For example, the map 602 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.

14
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[0059] The current location object 614 can allow the user to see a geographic area
616 on the map 602 indicating where the mobile device 100 is currently located.
Geographic area 616 can correspond to geographic location of mobile device 100
estimated using the operations described above in reference to FIGS. 1-5. The estimated
location can be determined based on estimated locations of wireless access gateways
that are within communication range of mobile device 100. A radius of geographic area
616 can correspond to an uncertainty of the estimated location. The uncertainty can be
determined as described above in formula (5) in reference to FIG. 4. A special current
location bookmark can be placed in the Bookmarks list when the current location object
614 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 616. That is, the special
current location bookmark can include the coordinates for the centroid of the
geographic area 616. The geographic area 616 can be based on location data determined
or estimated using location instructions stored in a memory device of mobile device
100. The geographic area 616 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 616 from the map 602.

Exemplary Mobile Device Architecture
[0060] FIG. 7 is a block diagram illustrating an exemplary device architecture 700
of a mobile device implementing the features and operations of sending location data to
a server and determining a current location using wireless access gateways. A mobile
device can include memory interface 702, one or more data processors, image
processors and/or processors 704, and peripherals interface 706. Memory interface 702,
one or more processors 704 and/or peripherals interface 706 can be separate
components or can be integrated in one or more integrated circuits. Processors 704 can

include one or more application processors (APs), one or more baseband processors
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(BPs), and/ or one or more wireless processors. The application processors and
baseband processors can be integrated in one single process chip. The various
components in mobile device 100, for example, can be coupled by one or more
communication buses or signal lines.

[0061] 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
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. Thus, electronic magnetometer 716 can be used as an
electronic compass.

[0062] 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.

[0063] 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 a mobile device is intended to operate. For
example, a mobile device can include communication subsystems 724 designed to
operate over a CDMA system, a WiFi™ or WiMax™ network, and a Bluetooth™
network. In particular, the wireless communication subsystems 724 can include hosting
protocols such that the mobile device can be configured as a base station for other

wireless devices.
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[0064] 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.

[0065] I/O subsystem 740 can include 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.

[0066] 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.

[0067] 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 mobile device 100 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.

[0068] In some implementations, mobile device 100 can present recorded audio
and/or video files, such as MP3, AAC, and MPEG files. In some implementations,
mobile device 100 can include the functionality of an MP3 player. Mobile device 100
may, therefore, include a pin connector that is compatible with the iPod. Other
input/output and control devices can also be used.

[0069] 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
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flash 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).

[0070] 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
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. The memory 750 may 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. Memory 750 can include location
instructions 776. Location instructions 776 can be a computer program product that is
configured to cause the mobile device to determine a location using estimated locations

of detected wireless access gateways, as described in reference to FIGS. 1-6.
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[0071] 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 may be implemented in hardware
and/or in software, including in one or more signal processing and/ or application

specific integrated circuits.

Exemplary Operating Environment
[0072] FIG. 8 is a block diagram of exemplary network operating environment
800 for the mobile devices implementing motion pattern classification and gesture
recognition techniques. Mobile devices 802a and 802b can, for example, communicate
over one or more wired and/or wireless networks 810 in data communication. For
example, a wireless network 812, e.g., a cellular network, can communicate with a wide
area network (WAN) 814, such as the Internet, by use of a gateway 816. Likewise, an
access device 818, such as an 802.11g wireless access gateway, can provide
communication access to the wide area network 814.
[0073] In some implementations, both voice and data communications can be
established over wireless network 812 and the access device 818. For example, mobile
device 802a can place and receive phone calls (e.g., using voice over Internet Protocol
(VoIP) protocols), send and receive e-mail messages (e.g., using Post Office Protocol 3
(POP3)), and retrieve electronic documents and/or streams, such as web pages,
photographs, and videos, over wireless network 812, gateway 816, and wide area
network 814 (e.g., using Transmission Control Protocol/Internet Protocol (TCP/IP) or
User Datagram Protocol (UDP)). Likewise, in some implementations, the mobile device
802b can place and receive phone calls, send and receive e-mail messages, and retrieve
electronic documents over the access device 818 and the wide area network 814. In
some implementations, mobile device 802a or 802b can be physically connected to the

access device 818 using one or more cables and the access device 818 can be a personal
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computer. In this configuration, mobile device 802a or 802b can be referred to as a
“tethered” device.

[0074] Mobile devices 802a and 802b can also establish communications by other
means. For example, wireless mobile device 802a can communicate with other wireless
devices, e.g., other mobile devices 802a or 802b, cell phones, etc., over the wireless
network 812. Likewise, mobile devices 802a and 802b can establish peer-to-peer
communications 820, e.g., a personal area network, by use of one or more
communication subsystems, such as the Bluetooth™ communication devices. Other
communication protocols and topologies can also be implemented.

[0075] The mobile device 802a or 802b can, for example, communicate with one
or more services 830 and 840 over the one or more wired and/or wireless networks.

For example, one or more wireless access gateway location determination services 830
can be used to determine locations of wireless access gateways. Location distribution
services 840 can receive requests from mobile devices 802a and 802b. The requests can
include identifiers of one or more wireless access gateways detected by mobile devices
802a and 802b. Inresponse, location distribution services 840 can provide estimated
locations associated with the identifiers to mobile devices 802a and 802b.

[0076] Mobile device 802a or 802b can also access other data and content over the
one or more wired and/or wireless networks. For example, content publishers, such as
news sites, Rally Simple Syndication (RSS) feeds, web sites, blogs, social networking
sites, developer networks, etc., can be accessed by mobile device 802a or 802b. Such
access can be provided by invocation of a web browsing function or application (e.g., a
browser) in response to a user touching, for example, a Web object.

[0077] A number of implementations of the invention have been described.
Nevertheless, it will be understood that various modifications can be made without
departing from the spirit and scope of the invention.

What is claimed is:
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CLAIMS

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

detecting, on the mobile device, a plurality of wireless access gateways;

determining a closeness between the mobile device and each wireless access
gateway, the closeness including an initial measurement of distance between the mobile
device and each wireless access gateway;

receiving location data associated with each of the detected wireless access
gateways, the location data including an estimated location of each detected wireless
access gateway, an uncertainty value associated with the estimated location, and a reach
of each detected wireless access gateway;

weighting the estimated locations using the uncertainty values, the reaches of
the wireless access gateways, and the closeness; and

determining the location of the mobile device based on the weighted locations.

2. The method of claim 1, wherein each of the wireless access gateways includes at

least one of a cell tower, a wireless router, or a Bluetooth™ device.

3. The method of claim 1, wherein determining the closeness is based on at least
one of:

a signal strength of a signal from the wireless access device;

a round-trip time of a signal between the mobile device and the wireless access
device; or

a bit error rate of a signal between the mobile device and the wireless access

device.

4, The method of claim 1, wherein the estimated location of each wireless access
device includes a latitude coordinate and a longitude coordinate of the wireless access

device.
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5. The method of claim 1, wherein the estimated location of each wireless access

device includes an altitude coordinate of the wireless access device.

6. The method of claim 1, wherein the reach of each wireless access device indicates

how far away the wireless access device is expected to be observed by a mobile device.

7. The method of claim 1, wherein the uncertainty value indicates an estimation

accuracy of the estimated location.

8. The method of claim 1, wherein weighting the estimated locations comprises:
assigning a larger weight to a wireless access gateway having a smaller reach;
assigning a larger weight to a wireless access gateway having a smaller

uncertainty value; and
assigning a larger weight to a wireless access gateway that is closer to the mobile

device.

9. The method of claim 1, comprising;:
identifying an outlier from the detected wireless access gateways; and
excluding the outlier from the operations of weighting the estimated locations

and determining the location of the mobile device.

10.  The method of claim 9 , wherein identifying the outlier comprises:
identifying an estimated location from the received location data, wherein a
distance between the estimated location and other estimated locations exceeds a
maximum reach among the reaches of the detected wireless access gateways; and
designating a wireless access gateway associated with the identified estimated

location as the outlier.

11. The method of claim 1, comprising determining, based on the weighted

locations, an estimated uncertainty associated with the location of the mobile device.
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12. A computer program product tangibly stored on a non-transitory medium and
configured to cause a mobile device to perform operations comprising:

detecting, on the mobile device, a plurality of wireless access gateways;

determining a closeness between the mobile device and each wireless access
gateway, the closeness including an initial measurement of distance between the mobile
device and each wireless access gateway;

receiving location data associated with each of the detected wireless access
gateways, the location data including an estimated location of each detected wireless
access gateway, an uncertainty value associated with the estimated location, and a reach
of each detected wireless access gateway;

weighting the estimated locations using the uncertainty values, the reaches of
the wireless access gateways, and the closeness; and

determining the location of the mobile device based on the weighted locations.

13.  The product of claim 12, wherein each of the wireless access gateways includes at

least one of a cell tower, a wireless router, or a Bluetooth™ device.

14.  The product of claim 12, wherein determining the closeness is based on at least
one of:

a signal strength of a signal from the wireless access device;

a round-trip time of a signal between the mobile device and the wireless access
device; or

a bit error rate of a signal between the mobile device and the wireless access

device.

15.  The product of claim 12, wherein the estimated location of each wireless access
device includes a latitude coordinate and a longitude coordinate of the wireless access

device.

16.  The product of claim 12, wherein the estimated location of each wireless access

device includes an altitude coordinate of the wireless access device.
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17. The product of claim 12, wherein the reach of each wireless access device
indicates how far away the wireless access device is expected to be observed by a

mobile device.

18.  The product of claim 12, wherein the uncertainty value indicates an estimation

accuracy of the estimated location.

19.  The product of claim 12, wherein weighting the estimated locations comprises:
assigning a larger weight to a wireless access gateway having a smaller reach;
assigning a larger weight to a wireless access gateway having a smaller

uncertainty value; and
assigning a larger weight to a wireless access gateway that is closer to the mobile

device.

20.  The product of claim 12, the operations comprising:
identifying an outlier from the detected wireless access gateways; and
excluding the outlier from the operations of weighting the estimated locations

and determining the location of the mobile device.

21.  The product of claim 20 , wherein identifying the outlier comprises:
identifying an estimated location from the received location data, wherein a

distance between the estimated location and other estimated locations exceeds a

maximum reach among the reaches of the detected wireless access gateways; and
designating a wireless access gateway associated with the identified estimated

location as the outlier.

22.  The product of claim 12, the operations comprising determining, based on the
weighted locations, an estimated uncertainty associated with the location of the mobile

device.

23. A system, comprising:

a mobile device configured to perform operations comprising;:
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detecting, on the mobile device, a plurality of wireless access gateways;

determining a closeness between the mobile device and each wireless
access gateway, the closeness including an initial measurement of distance between the
mobile device and each wireless access gateway;

receiving location data associated with each of the detected wireless access
gateways, the location data including an estimated location of each detected wireless
access gateway, an uncertainty value associated with the estimated location, and a reach
of each detected wireless access gateway;

weighting the estimated locations using the uncertainty values, the
reaches of the wireless access gateways, and the closeness; and

determining the location of the mobile device based on the weighted

locations.

24.  The system of claim 23, wherein each of the wireless access gateways includes at

least one of a cell tower, a wireless router, or a Bluetooth™ device.

25.  The system of claim 23, wherein determining the closeness is based on at least
one of:

a signal strength of a signal from the wireless access device;

a round-trip time of a signal between the mobile device and the wireless access
device; or

a bit error rate of a signal between the mobile device and the wireless access

device.

26.  The system of claim 23, wherein the estimated location of each wireless access
device includes a latitude coordinate and a longitude coordinate of the wireless access

device.

27.  The system of claim 23, wherein the estimated location of each wireless access

device includes an altitude coordinate of the wireless access device.
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28.  The system of claim 23, wherein the reach of each wireless access device
indicates how far away the wireless access device is expected to be observed by a

mobile device.

29.  The system of claim 23, wherein the uncertainty value indicates an estimation

accuracy of the estimated location.

30.  The system of claim 23, wherein weighting the estimated locations comprises:
assigning a larger weight to a wireless access gateway having a smaller reach;
assigning a larger weight to a wireless access gateway having a smaller

uncertainty value; and
assigning a larger weight to a wireless access gateway that is closer to the mobile

device.

31.  The system of claim 23, the operations comprising:
identifying an outlier from the detected wireless access gateways; and
excluding the outlier from the operations of weighting the estimated locations

and determining the location of the mobile device.

32.  The system of claim 31, wherein identifying the outlier comprises:
identifying an estimated location from the received location data, wherein a
distance between the estimated location and other estimated locations exceeds a
maximum reach among the reaches of the detected wireless access gateways; and
designating a wireless access gateway associated with the identified estimated

location as the outlier.

33.  The system of claim 23, the operations comprising determining, based on the
weighted locations, an estimated uncertainty associated with the location of the mobile

device.
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