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A METHOD AND APPARATUS FOR PROVIDING AND UTILIZING LOCAL MAPS

AND ANNOTATIONS IN LOCATION DETERMINATION

CROSS-REFERENCES TO RELATED APPLICATIONS

[0001] This application claims priority to provisional patent application serial No.
61/139,993, entitled “Providing Maps and Annotations Relevant to a Location,” which was filed
on December 22, 2008; and provisional patent application serial No. 61/140,023, entitled “Using
Local Maps and Annotations in Location Determination,” which was filed on December 22,

2008, both assigned to the assignee hereof and hereby expressly incorporated by reference

herein.

BACKGROUND

Field:

[0002] The subject matter disclosed herein relates to using local maps and annotations for

location determination.

Information:

[0003] Different techniques may be used to estimate the location of a mobile device, such
as a cell phone, personal digital assistant (PDA), or any other mobile device. For example, some
mobile devices may process signals received from a Satellite Positioning System (SPS) to
estimate their locations. However, sometimes there are certain areas where navigation signals

from an SPS may not be available, such as in certain indoor locations.
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[0004] A mobile device may estimate its location within an arca where navigation signals
transmitted from an SPS are not available. For example, a mobile device may transmit a signal
to an access point and measure a length of time until a response signal from the access point is
received. A range from the mobile device to the access point may be determined based upon the
measured length of time between transmission of a signal from the mobile device and receipt of a
response signal at the mobile device. Alternatively, signal strength of a signal received from the
access point may be measured and a range from the mobile device to the access point may be
estimated based on the measured signal strength. An access point may comprise a device that
allows wircless communication devices to communicate with a network.

[0005] However, an access point may experience a processing delay between a time at
which a signal is received from a mobile device and a time at which a response signal is
transmitted to the mobile device. Such a processing delay may vary depending upon a particular
access point, and may need to be accounted for when a mobile device estimates a range to the
access point based on the measured time interval. Moreover, signal strength of a received signal
may vary based upon physical structures within an area, such as a presence of ceiling and walls,
causing a variance in received signal strength which may result in inaccurate estimates of range
to the access point if there is no accounting for such a variance caused by a presence of physical

structures, for example.
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BRIEF DESCRIPTION OF THE FIGURES

[00006] Non-limiting and non-exhaustive features will be described with reference to the
following figures, wherein like reference numerals refer to like parts throughout the various
figures.

[0007] FIG. 1 is a plan view of a floor of an office building having various wireless
network clements according to one particular implementation.

[0008] FIG. 2 is an illustration of an area surrounding a wireless network element

according to one implementation.

[0009] FIG. 3 is a depiction of a display screen of a mobile device according to one
implementation.
[0010] FIG. 4 is a schematic block diagram of a system for providing a local map and

annotations to a mobile device according to one implementation.

[0011] FIG. 5 is a flow diagram illustrating a process for obtaining a local map for a
given arca according to one implementation.

[0012] FIG. 6 is a schematic block diagram of a wireless network element according to
onc implementation.

[0013] FIG. 7 is a schematic block diagram of particular implementation of a mobile

device according to onec implementation.
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SUMMARY

[0014] In one particular implementation, a system and method is provided for retrieving
a local map for a given area. One or more signals wirelessly transmitted from one or more
wireless network clements may be received by a mobile device. The mobile device may identify
an associated local map based at least in part on the received one or more signals. Such signals
may be received from wireless network elements that indicate their presence along with a unique
identifier for such wireless network elements such as a Media Access Control (MAC) address,
for example. The associated local map and annotations associated with the associated local map
may subsequently be obtained, for example, by associating local maps with wireless network
clement identifiers indicated on a particular local map. The associated local map may utilize a
predefined coordinate system. In one implementation, features of the map such as walls, doors,
and room numbers, for example, are represented using a local coordinate system with its own
datum (e.g., X,y coordinates in units such as feet). It should be understood, however, that this is

merely an example implementation and that claimed subject matter is not limited in this respect.
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DETAILED DESCRIPTION

kN9

[0015] Reference throughout this specification to “one example,” “one feature,” or “an
example” means that a particular feature, structure, or characteristic described in connection with
the feature and/or example is included in at least one feature and/or example of claimed subject

"non

matter. Thus, the appearances of the phrase "in one example", "an example"”, “in one feature” or
“a feature” in various places throughout this specification are not necessarily all referring to the
same feature and/or example. Furthermore, the particular features, structures, or characteristics
may be combined in one or more examples and/or features.

[0016] A mobile device may determine its location or position. In one implementation, a
mobile device may estimate its location based on signals wirelessly received from wireless
network elements for other devices capable of wirelessly transmitting signals. For example, a
mobile device may be utilized within an arca where navigation signals from a Satellite
Positioning System (SPS) are not available, such as within certain buildings. Wireless network
clements may be located throughout such an arca at known locations and a mobile device may
estimate ranges from the mobile device to particular wircless network elements. Such ranges can
be estimated, and a location of such a mobile device may be triangulated using known
techniques.

[0017] In one implementation, a mobile device may estimate its own location by
communicating with one or more nearby femtocells. A “femtocell,” as used herein, may refer to
a small cellular base station. Such a femtocell may connect to a service provider’s network via
broadband (such as, for example, via Digital Subscriber Line (DSL) or cable). A femtocell may,
for example, utilize a technology such as Universal Mobile Telecommunications System

(UTMS), Long Term Evolution (LTE), Evolution-Data Optimized or Evolution-Data only (EV-
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DO), Global System for Mobile communications (GSM), Worldwide Interoperability for
Microwave Access (WiMAX), Code division multiple access (CDMA) -2000, or Time Division
Synchronous Code Division Multiple Access (TD-SCDMA), to name just a few among many
possible technologies compatible with femtocells. A femtocell may also have integrated Wi-Fi.
Round-trip time ranging may be performed by utilizing the femtocell.

[0018] A mobile device may use any one of several techniques to estimate a range from
the mobile device to a wircless network element. One way of estimating such a range is by
wirelessly transmitting a probe request signal to a particular wireless network element. Upon
receiving such a probe request, a wireless network element may wirelessly transmit a response
signal. A mobile device may measure a time interval (referred to herein as “roundtrip time”)
between when the mobile device transmits the probe request and a time at which the response
signal is received. Wirelessly transmitted signals may travel at a known speed, such as at the
speed of light. Accordingly, based upon a roundtrip time between when the probe request is
transmitted and when the response is received, a range may be estimated. However, a wireless
network element typically experiences a processing delay between a time at which a probe
request is received and a time at which a response signal is transmitted. To ensure an accurate
estimate of range based on a measured time interval, the mobile device may subtract an estimate
of the processing delay from the measured roundtrip time interval. However, different wireless
network elements may experience different processing delays. To precisely account for such
different processing delays, an estimate of a processing delay specific to a particular wireless
network element may be provided to a mobile device as an annotation map for a given arca.
Once a measurement of roundtrip time between transmitting a probe request and receiving a

response signal has been obtained and a processing delay specific to a wireless network element
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has been subtracted, a measurement of a range to the wireless network element from the mobile
device may be estimated based on such a time measurement.

[0019] “Wireless network element,” as used herein, may refer to a device that allows
wireless communication devices to communicate with a network. For example, a wireless
network element may comprise, for example, an access point (e.g., a Wi-Fi access point), a
femtocell, etc., and may allow wireless communication devices to connect to a wireless network
using Wi-Fi, Bluctooth, a cellular communication technology such as Code Division Multiple
Access (CDMA), Time Division Multiple Access (TDMA), Frequency Division Multiple Access
(FDMA), Orthogonal Frequency Division Multiple Access (OFDMA), Single-Carrier Frequency
Division Multiple Access (SC-FDMA), or any other suitable wireless technology and/or
standard.

[0020] Another technique for estimating a range from a mobile device to a wireless
network element includes measuring signal strength of a signal received from a wireless network
clement. A response signal may be transmitted from a wireless network element to a mobile
device in response to a probe request, as discussed above, and a strength of such a response
signal may be measured. Based on such a measured signal strength, the range from the mobile
device to a wireless network clement may be estimated. Alternatively, a wireless network
clement may periodically broadcast a signal without first receiving a probe request, and a
strength of such a received broadcast signal may be measured. In one implementation, wireless
network clements may transmit signals at a known signal strength. In a location with no
obstructions, for example, a strength of a signal transmitted from a wireless network element
may decrease at a known rate over a given range. For example, if a signal strength of a received

signal is 80.23% of the strength at which such a signal is transmitted by a wircless network
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clement, a mobile device may estimate a range to the wireless network element to be 100.45
meters in one example implementation. On the other hand if a signal strength of a received
signal is measured to be 82.57% of the strength at which such a signal is transmitted by a
wireless network clement, a mobile device may estimate a range to the wircless network element
to be 91.35 meters in one example implementation. Signal strength may decrease at a known
rate over distance and, based on the measurement of signal strength of a signal received from a
wireless network clement, a range from a mobile device to a wireless network element may be
estimated. In one example, an annotation on a map for an arca may be provided that specifies a
mapping of signal strength to distance for a specific wireless network element.

[0021] However, the presence of obstructions between a wireless network element and a
mobile device may reduce a strength of a signal transmitted from a wireless network element to a
mobile device. For example, in an indoor location, a presence of walls between a wireless
network element and a mobile device may dissipate a strength of a transmitted signal. Moreover,
an amount by which such a signal strength is dissipated may be dependent upon a material of
which such a wall is made. For example, a wall made out of drywall may dissipate a strength of
a signal by a lower amount than would a wall made of concrete. Accordingly, in order to ensure
an accurate estimate of range to a wireless network clement from a mobile device based on a
measured signal strength, an accounting may be made for such obstructions or a presence of
other factors which may reduce signal strength. For example, a conversion formula indicating
distance relative to a measured signal strength may be determined for a wireless network
clement. Such a formula may be dependent based upon a location of a mobile device receiving a
signal from a wireless network element. For example, such a formula may apply different

weights if a mobile device is 50 meters from a wireless network element and there are no
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obstructions, than if the mobile device is located somewhere else 50 meters from the wireless
network element, but there are several obstructions, such as walls, through which a signal must
travel. Such a formula or mathematical relationship may be provided to a mobile device to use
in estimating range . In one implementation, such a formula or mathematical relationship may
be provided via an annotation to a map.

[0022] A mobile device may identify ranges to several wireless network elements. As
discussed above, if respective locations of such wireless network elements are known, a mobile
device may triangulate its location.

[0023] According to one implementation, a mobile device may access a local map if it is
within a particular area for which navigations signals from an SPS may not be available. Such a
local map may be stored in a location on a network and accessed via Internet, for example. Such
a local map may be retrieved and then displayed on a user’s mobile device. Such a map may
indicate, for example, a location of particular stores within a shopping mall. A mobile device
may also retrieve annotations associated with such a local map. Such annotations may be stored
at the same location as the local map in some implementations. However, such annotations may
be stored in one or more different locations in other implementations. Such annotations may
indicate the presence of wircless network elements within an area covered by the local map. In
onc implementation, such annotations may indicate an estimated processing delay and a formula
for estimating a range to one or more wireless network elements based on signal strength of a
signal received from the one or more wireless network elements. Such a local map may include
a local coordinate system as opposed to a global coordinate system. By utilizing a local
coordinate system, a local map may be provided without reference to earth-centered coordinates,

such as World Geodetic System (WGS) 84 style global coordinates, for example. A local map
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may contain structural information about an indoor location specified in a local coordinate
system with an origin in the local map itself. Annotations on a local map may comprise
information about entities depicted on the local map.

[0024] Use of such a local coordinate system may provide certain advantages. For
example, it may be easier to locate the devices to which ranging may occur in a local coordinate
system than it would be within a global coordinate system. Given a map with a known x,y
coordinate grid, access point locations may, for example, be assigned by an information
technologies engineer, facilities, or by simply marking them on the map. To perform a similar
placement in global coordinate systems, for example, a location is first determined in the global
coordinate system. If cach point is done natively within a global coordinate system, it may be
necessary to perform a location fix based on navigation signals, such as via GPS signals.
Performing a location fix based on navigation signals within a building or other structure may,
however, be difficult, and is likely to be inaccurate and slow.

[0025] Alternatively, multiple location fixes may be taken from pin points in a local
coordinate reference system to a global coordinate reference system. Such multiple location
fixes may be used to transform local coordinates to global coordinates. To perform such
transforming from local to global coordinates, a local coordinate system may first be generated
or obtained with accurate placement of network elements within it. Such additional
transformation from local to global coordinated may introduce a potential source of error along
with requiring extra computations/work.

[0026] Upon entering an arca, a mobile device may first identify a particular local map
associated with the arca and may then retrieve the map. In one implementation, a mobile device

may broadcast probe requests and may receive response signals from wireless network elements

10
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in the arca. Some, or all, of such response signals may include information descriptive of a
Media Access Control Identifier (MAC ID) which may indicate the identity of the wircless
network elements from which such response signals were transmitted. Upon receiving such
MAC IDs, a mobile device may reference a database or lookup table, for example, to determine
the identity of a map associated with such wireless network elements. In one implementation, a
mobile device may access a database accessible via its wireless Internet service provider.
Alternatively, a mobile device may access a known network address where such MAC 1IDs are
stored to identify a local map associated with such MAC IDs.

[0027] In one implementation, a mobile device may receive signals from wireless
network elements associated with one particular local map and additional signals from other
wireless network clements associated with a different local map. In such a scenario, a mobile
device may determine MAC IDs associated with the received signals having at least a minimum
threshold signal strength. A mobile device may then access a database to identify a local map
associated with such MAC IDs. In the event that some of the MAC IDs are associated with a
first local map and some of the MAC IDs of received signals are associated with a second local
map, a mobile device may identify which local map is associated with the strongest received
signals, for example. A user may then be presented a choice to select a local map on which they
are located from among the likely local maps.

[0028] Other ways of identifying a related local map may be utilized in other
implementations. In some implementations, a Uniform Reference Identifier (“URI”) may be
wirelessly transmitted to a mobile device upon entering an area. A “URI,” as used herein, may
refer to a location where information is stored. For example, a URI may indicate a network

address where a local map is stored according to any one of several protocols such as Hypertext

11
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Transfer Protocol (HTTP), etc. Such a network address may comprise an Internet address or a
local arca network address, to name just two among many possible examples. After a URI has
been received by a mobile device, the mobile device may access the referenced address or
location and retrieve the associated local map.

[0029] In one implementation, a local map may be presented to a user and displayed, for
example, on a display screen of the user’s mobile device. In some implementations, annotations
for wireless network elements may be hidden from a user. For example, such annotations for
wireless network elements may be hidden because they may clutter a displayed map and a user
may not have a desire to view information about such wireless network elements. However,
other types of annotations may instead be displayed to a user. A wide array of annotations may
be provided to the user’s mobile device and displayed. For example, in the event that the user is
within a shopping mall, annotations may indicate whether a particular restaurant in the shopping
mall has empty seats, locations of cash registers within a store having the shortest wait time to
purchase goods, or whether public restrooms are closed for cleaning, to name just a few among
many examples.

[0030] As discussed above, annotations may be retrieved from one or more locations and
may be retrieved from a different location from where a local map is retrieved. In an
implementation within a shopping mall, for example, annotations associated with wireless
network elements may be retrieved from a first location, annotations associated with a
department store may be retrieved from a second location, and annotations associated with
common areas of the shopping mall, such as restrooms, may be retrieved from a third location,

for example. In one implementation, a mobile device may retrieve various annotations for a

12
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local map from different sources and may selectively display one or more of such annotations to
a user via a display device.

[0031] If a user moves to an area associated with a local map and the user’s mobile
device identifies and retrieves associated local and related annotations, the mobile device may
subsequently utilize annotations related to wireless network elements to determine ranges to
wireless network clements. For example, as discussed above, a mobile device may transmit a
probe request to one or more wireless network elements and measure a roundtrip time interval
until a probe response signal is received from each wireless network element. Such a mobile
device may subtract related processing delays associated with relevant wireless network
clements, as are indicated by annotations on a local map, and may then estimate ranges to
wireless network clements. Such a mobile device may also measure a signal strength of a
received signal from various wireless network elements and estimate ranges to such wireless
network elements based, at least in part, on a measured signal strength. As discussed above,
predefined relationships between received signal strength and range may be indicated on a local
map as an annotation for a particular wircless network element. Morcover, such predefined
relationships between received signal strength and range may also be dependent upon a
particular type of any obstruction between a particular wireless network element and a mobile
device. Accordingly, based on such a predefined relationship, a range may be estimated based
on the signal strength of a received signal. In one implementation, respective weightings may be
determined for a combination of the range results estimated from a probe request roundtrip time
interval minus processing delay, and from received signal strength. For example, if one of the
methods is determined to yield more accurate results, a larger weighting may be applied to such

a method. For example, if an estimate of range determined from received signal strength is

13
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estimated to be less accurate than a range estimated from a probe request roundtrip time interval
minus processing delay, a weighting of 0.60 may be applied to a range determined from a probe
request roundtrip time interval minus processing delay, and a weighting of 0.40 may be applied
to a range determined from received signal strength.

[0032] If ranges from a mobile device to at least three wireless network elements have
been estimated, a mobile device may subsequently triangulate its location. After such a location
has been estimated, annotations related to an area where a user is located may be displayed to
such a user. For example, directions to a particular store in a shopping mall may be provided to
a user based on the user’s estimated location.

[0033] FIG. 1 is a plan view of a floor 100 of an office building having various wireless
network clements installed at known locations according to one particular implementation. As
illustrated, first wireless network element 105, second wireless network element 110, third
wireless network element 115, fourth wireless network element 120, and fifth wireless network
clement 125 are arranged throughout floor 100. A user 130 may carry a mobile device 135 and
move throughout floor 100. An office building may include floor 100 and potentially many
other floors. In one implementation, mobile device 135 may estimate its position by
communicating with wireless network elements located on the same floor 100 as the mobile
device 135 is located. Different floors may have different floor plans and may have different
arrangements of wireless network elements, offices, restrooms, libraries, cafeterias, to name just
a few variations among many.

[0034] Mobile device 135 may include a display screen, such as a Liquid Crystal Display
(LCD), a screen with touch capabilities, or any other type of display capable of presenting a

graphical user interface. A display of mobile device 135 may present a local map to user 130.

14
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Such a local map may present a 2-dimensional floor plan, or a portion of a floor plan of a floor
100 on which user 130 is moving with mobile device 135. Upon moving onto floor 100, mobile
device 135 may not initially know the floor 100 on which it is located at that time and may not
have a local map of floor 100 to present to user 130. Upon moving onto floor 100, mobile
device 135 may determine an identity of a local map corresponding to a location where mobile
device 135 is currently being transported, which in this case is floor 100. There are different
ways in which mobile device may determine an identity of a local map to present to user 130.
After an identity of an appropriate local map to be presented is determined, mobile device 135
may retrieve such a local map and then present such a local map on, for example, a display of
mobile device 135.

[0035] In a particular implementation, a mobile device may identify an appropriate local
map for a location where mobile device 135 is being held by listening to broadcasts from various
wireless network elements, such as access points, femtocells, etc. For example, first wircless
network element 105 may periodically broadcast a beacon message. Such a beacon message
may indicate a MAC ID for first wircless network element 105. Such a MAC ID may indicate
an identifier for first wircless network element. Upon extracting such a MAC ID from a beacon
message, mobile device may access a database or lookup table to determine the identity of a
local map corresponding to first wireless network element 105. For example, a location of and a
method of accessing such a database or lookup table may be known prior to user 130 carrying
mobile device 135 onto floor 100. In one implementation, a lookup table for MAC IDs may be
stored in one or more predefined database locations. Alternatively, a MAC ID associated with a

wireless network clement may indicate a location of such a database or lookup table. In other
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implementations, a MAC ID may directly indicate a local map corresponding to first wireless
network element 105.

[0036] In one implementation, mobile device 135 may transmit an Institute of Electrical
and Electronics Engincers (IEEE) 802.11-compliant probe request to one or more wireless
network elements located on floor 100. Upon receipt of such an 802.11-compliant probe request,
one or more wireless network elements may transmit responses to mobile device 135. One or
more of such responses may include information indicating a URI where a local arca map
corresponding to floor 100 is accessible.

[0037] If a mobile device 135 receives a response to a probe request from a wireless
network element, mobile device 135 may subsequently communicate with such a wireless
network element. For example, if mobile device 135 is permitted to associate with a particular
network element and desires an Internet Protocol (IP) address, mobile device 135 may transmit a
Dynamic Host Configuration Protocol (DHCP) “Discover” request to request such an IP address.
Upon receipt of such a DHCP Discover request, a wireless network element may respond with a
DHCP “Offer” response in which an IP address assigned to mobile device 135 may be contained.
A URI indicating a location where a local map associated with the wireless network element may
also be included within the DHCP Offer response. Upon receipt of such a DHCP Offer response,
mobile device 135 may access the URI and retrieve the associated local map. For example, a
URI may be stored in a local map database 145 accessible via the Internet or some other
network.

[0038] In some implementations, a URI indicating a location where a local map
corresponding to an arca where mobile device 135 is currently located may be transmitted to

mobile device 135 via a network layer broadcast packet. A host attached to a local subnet may
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listen for broadcast messages on that subnet. One or more of such broadcast messages may
contain a relevant URI. One form of an Internet Protocol (IP) subnet specific broadcast is a
message delivered to an IP address such as 255.255.255.255 on some specific port. It should be
appreciated that there may be subnet-specific versions of such a broadcast utilizing different
addresses.

[0039] In one particular implementation, a URI may be transmitted to mobile device 135
via a link-layer broadcast frame. For example, there may be an entity located on floor 100 that
periodically broadcasts a frame containing the identity of a URI where a local map may be
retrieved. Such a broadcast frame may be broadcast by a wireless network clement, such as first
wireless network element 105, or by some other element within floor 100 that contains a
transmitter, such as broadcast message transmitter 160. Broadcast message transmitter 160 may,
for example, periodically locally transmit a frame containing such a URI within a compressed
format. Upon receipt of such a broadcast frame, mobile device 135 may extract a URI within
such a broadcast frame and then retrieve a corresponding local arca map stored at the address
indicated by such a URL

[0040] In one implementation, a URI may be transmitted to mobile device 135 via
beacon information elements, such as a wircless network element or transmitter. For example,
multiple elements which are too small individually to transmit such a URI to mobile device 135
may be “stitched” together, or combined, to transmit the URI.

[0041] In some implementations, a URI may be encoded into a wireless network
clement’s service set identifier (SSID). For example, devices on a wireless network may utilize
a particular SSID in order to communicate with each other. If a local area network element, such

as first wireless network element 105, for example, communicates with another element on a
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local area network, such as second wireless network element 110 or mobile device 135, the SSID
may be included in a transmitted message. If mobile device 135 receives such a message from
first wireless network element 105, a URI may be extracted from such an SSID, and then mobile
device 135 may retrieve a local area map corresponding to floor 100 from the location indicated
by the URI.

[0042] In one implementation, a URI may be encoded into a wireless network element’s
basic service set identifier (BSSID). A basic service set may refer to a basic building block of an
IEEE 802.11 wireless LAN in one particular implementation. In an infrastructure mode, one
wireless network clement together with all associated wireless devices or stations may be
referred to as a basic service set. A particular wireless network element, such as first wireless
network element 105, may transmit both an SSID and a BSSID to mobile device 135. A URI
may be encoded in either the SSID, as discussed above, or within the BSSID. For example, both
the SSID and the BSSID may be transmitted in a message from first wircless network element
105 to mobile device 135. Upon receipt of such a message, a URI may be extracted from the
BSSID and/or SSID. In one particular implementation, a mobile device 135 may be
programmed to search for a URI in a received SSID or BSSID.

[0043] Use of a local map, as discussed above, provides numerous advantages over a
global map. A global map may, for example, be stored in one centralized location. Such a
global map may be accessed from such a centralized location and a way of retrieving such a
global map may be predefined. However, because such a global map is stored in one centralized
location, it may be difficult or cumbersome to update such a global map with information. For

example, in the event that the floor plan of a store within a shopping mall is changed during a
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remodeling process, changes to the floor plan may not be reflected in the global map in a timely
manner.

[0044] Moreover, a global map may be associated with a global coordinate system, such
as the coordinate system associated with Global Positioning System (GPS), or some other
Satellite Positioning System (SPS)-defined coordinate system.

[0045] A local map, on the other hand, may be much casier to update to reflect changes
in elements shown on the local map. Local maps may be casier to maintain because they have
only a relatively small field of coverage. Such local maps may be stored in one or more
network-accessible locations, such as within a server accessible by the Internet.

[0046] Moreover, as pointed out above, a local map need not be associated with a global
coordinate system; instead, a local map may be associated with a local coordinate system that
may be unrelated to the GPS coordinate system or some other SPS-defined coordinate system.
Maps in local coordinate systems may be easier to maintain than maps in global coordinate
systems because the position of changed items in maps in local coordinates systems does not
have to be determined using navigation signals, such as GPS, or by performing a transformation
between coordinates.

[0047] Annotations corresponding to a local map may be retrieved before, at the same
time, or after the local map has been retrieved. Such annotations may be stored in database 145
shown in FIG. 1 or in some other database or server, such as annotations database 150 or server
155, for example. In one implementation, mobile device 135 may retrieve such annotations from
a pre-defined annotations database 150 located at a pre-defined location. Alternatively, a URI
for an annotations database 150 may be sent to mobile device 135 in a manner similar to a way

in which a URI for local map database 145 is provided to mobile device 135. In other
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implementations, annotations may be transmitted to mobile device 135 after a local map
corresponding to floor 100 has been retrieved from local map database 145. For example, after a
local map has been retrieved by mobile device 135 from local map database 145, a message may
be sent from local map database 145 to server 155. Server 155 may subsequently retricve
annotations for a local map corresponding to floor 100 from annotations database 150 and
transmit such annotations to mobile device 135.

[0048] As discussed above, such annotations may include information about wireless
network elements. For example, annotations may indicate an estimated processing delay and/or
a mathematical model for estimated received signal strength for a signal transmitted by a
particular wireless network element. Such annotations may be used by a mobile device to
precisely estimate a range between the mobile device and a wireless network element, as
discussed below.

[0049] FIG. 2 is an illustration of an area surrounding a wireless network element 200
according to one implementation. FIG. 2 also illustrates a first wall 205, second wall 210, and an
obstacle 220. A mobile device 215 may receive a signal transmitted by wireless network
clement 200 and may estimate its range to wircless network element 200 based, at least in part,
on a measured time interval during which a signal is transmitted from wircless network clement
200 to mobile device 215.

[0050] One way in which a mobile device 215 may estimate a range to wireless network
clement 200 is by transmitting a probe request to wireless network element 200 and measuring a
time interval between when such a probe request is transmitted and when a response signal is
received from wireless network element 200. If a mobile device 215 desires to measure a range

to wireless network element 200, it may transmit such a probe request to one or more nearby
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wireless network elements. Such a probe request may indicate that a response signal is to be
transmitted back to mobile device 215.

[0051] Wirelessly transmitted signals may travel at a constant speed, such as at the speed
of light. By measuring how long it takes for a signal to travel from wircless network element
200 to mobile device 215, e.g., a “time-of-flight” of such a signal, a range to wircless network
element 200 from mobile device 215 may be estimated. In this example, a probe request is first
transmitted from mobile device 215 to wireless network element 200 and then a second signal,
¢.g., a response signal, is transmitted from wireless network element 200 to mobile device 215.
Accordingly, a time-of-flight time interval between transmission of the probe request from
mobile device 215 to receipt of a response signal may be divided by a factor of two in order to
estimate a range to wireless network element 200 from mobile device 215. Moreover, an
estimate of a processing delay incurred by wireless network element 200 may also be taken into
account to ensure precise measurements of the actual time that signals are transmitting between
mobile device 215 and wireless network element 200. Specifically, there is a period of time
from receipt of a probe request at a wireless network element 200 from mobile device 215 to
transmission of a response signal from wireless network element 200 to mobile device 215.
Such period of time is referred to herein as a “processing delay.” Such a processing delay may
be incurred, for example, because a wireless network element processes a received probe request
and determines how to respond to such a probe request. A processing delay for a particular
wireless network clement may be estimated based on previous measurements of such a
processing delay. Such processing delay estimates may be stored in an annotations database and
may be retrieved and utilized by a mobile device 215 if estimating a range to wireless network

clement 200. Estimates of processing delays for a wireless network element 200 may be updated
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in an annotations database based on measurements of actual processing delay taken over a period
of time.

[0052] Another technique to estimate range from mobile device 215 to a wireless
network element 200 is based on received signal strength. For example, wireless network
clements within a given arca may transmit signals at known signal strengths. Alternatively, a
code may be transmitted within a signal transmitted by a wireless network clement that is
indicative of a strength at which such a signal was transmitted. A signal transmitted by a
wireless network clement may degrade or lose strength the further it travels. A wirelessly
transmitted signal may degrade in signal strength at a known rate the further it travels away from
a wircless network element from which it was transmitted. Accordingly, by measuring a signal
strength of a received signal and comparing it against a strength at which such a signal was
transmitted by a wircless network element, a range to the wircless network clement from a
mobile device receiving such a signal may be estimated.

[0053] However, as pointed out above, there may be obstacles disposed between a
mobile device and a wireless network clement that may dissipate signal strength. For example, if
a signal has to travel through a wall, such as first wall 205 or second wall 210 shown in FIG. 2,
such a signal may lose more strength as it travels away from wireless network element 200 than
it would lose if it did not have to travel through such a wall. In order to estimate a range to a
wireless network element 200 from a mobile device 215 with precision, the presence of such
obstacles or any other factors besides distance which may degrade signal strength may be
factored in when estimating range. Other factors which may degrade signal strength include, for
example, interference from other sources if they don’t perform a carrier sensing operation and

avoid transmission in the presence of an existing signal.

22



WO 2010/075341 PCT/US2009/069123

[0054] FIG. 2 illustrates three different locations where a mobile device 215 may be
located when receiving a signal from wireless network element 200 and estimating a range to
wireless network element 200 based on a measured signal strength of a received signal. A signal
may be transmitted by wireless network element 200 in response to receipt of a probe request
from mobile device 215. Alternatively, wireless network element 200 may broadcast a beacon or
some other message or signal received by mobile device 215. As illustrated, if mobile device
215 is located at a first location 225, such a signal may be directly received without travelling
through any walls or obstacles. If, on the other hand, mobile device 215 is located at a second
location 230, a signal transmitted from wireless network element 200 would therefore travel
through first wall 205 prior to reaching the second location 230. Finally, if mobile device 215 is
located at a third location 235, a signal transmitted from wireless network element 200 may need
to travel through obstacle 220 in order to reach mobile device 215 located at third location 235.
[0055] The amount by which the strength of a signal degrades while passing through an
object, such as a wall or other obstacle, may depend upon the thickness or density of such a
wall/obstacle and a material from which such a wall/obstacle is formed. For example, a wall
formed of steel may degrade a signal strength by a greater amount than would a wall formed of a
drywall material.

[0056] In one particular implementation, a range to a wircless network element may be
estimated based both on time-of-flight and on received signal strength. If, for example, an
approximate location of a mobile device is triangulated based on ranges estimated based on time-
of-flight measurements, then a mathematical model for estimating range based on received signal
strength may be utilized to further estimate a range from a mobile device 215 to a wireless

network element 200. As discussed above, the amount by which a signal transmitted by wireless
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network clement 200 degrades over distance is dependent, at least in part, upon whether any
walls and/or other obstacles are disposed between the wireless network element 200 and the
mobile device 215. If the approximate location of mobile device 215 is known via other
methods, such as time-of-flight, then an appropriate mathematical relationship between received
signal strength and distance may be utilized to estimate range to wireless network element 200
from mobile device 215. For example, if it can be determined that mobile device 215 is located
somewhere near second location 230, the presence of first wall 205 may then be factored in if
estimating a range from mobile device 215 to wireless network element 200 based on a strength
of a signal received by mobile device 215. On the other hand, if it can be determined that mobile
device 215 is located somewhere near first location 225, then a different relationship between
signal strength and distance may be utilized to estimate a range to wircless network element 200
from mobile device 215. Moreover, if it can be determined that mobile device 215 is located
somewhere near third location 235, then a different relationship between signal strength and
distance may be utilized to estimate a range from mobile device 215 to wireless network element
200 that accounts for the presence of obstacle 220. Annotations may comprise one or more
parameters indicating a relationship between a signal strength measurement and a distance
associated with at least one of one or more wircless network elements. Annotations comprise
onc or more parameters indicating a relationship between a roundtrip time measurement and a
distance associated with at least one of one or more wircless network clements.

[0057] After ranges to at least three wireless network elements have been determined, a
location of such a mobile device may be triangulated.

[0058] FIG. 3 is a depiction of a display screen 300 of a mobile device according to one

implementation. Such a display screen 300 may comprise a graphical user interface for
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presenting a local map to a user. The local map may present Points of Interest (POIs) to a user.
The POIs may be predefined. The annotations may comprise a notation corresponding to at least
one predefined POI. In this example, a local map 302 of a shopping mall is presented to a user.
As shown, local map 302 includes depictions of POIs such as a first store 305, second store 310,
third store 315, a fourth store 320, a restaurant 325, restrooms 330, fifth store 340, sixth store
345, and food court 350. For ease of illustration, several wireless network elements are also
displayed to indicate where they are disposed within a shopping mall depicted by local map 302.
However, it should be appreciated that in some implementations, such wireless network elements
may not be displayed to a user.

[0059] In this example, a shopping mall includes a first wireless network element 355,
second wireless network element 360, third wireless network element 365, fourth wireless
network element 370, and fifth wireless network element 375. As discussed above with respect
to FIGS. 1 and 2, signals transmitted by such wireless network elements may be utilized to
determine the identity of a local map corresponding to such a shopping mall and a location from
which such a local map may be retrieved. Such signals may further be utilized to determine a
location of a mobile device within the local map 302 itself. For example, if a user carrying a
mobile device 380 is located in a hallway between third store 315 and fifth store 340, a user
and/or mobile device 380 may be depicted as being positioned in such a location on local map
302. In some implementations, only portions of a local map 302 depicting locations near a user
and/or mobile device 380 may be displayed to a user. Presenting only a partial map at a time
may be performed so that a local map 302 is easier for a user to view and interpret in the event
that, for example, a large shopping mall with many stores is depicted within such a local map

302.
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[0060] As discussed above, annotations for wireless network elements may be retrieved
from, for example, an annotations database. Such annotations for wireless network elements
may be utilized in determining ranges from mobile device 380 to one or more wireless netw