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(57) Abstract: A method of determining a location of a mobile device includes: detecting, at the mobile device, at least one Radio
Frequency transmitter; receiving information associated with a number of Radio Frequency transmitters located within a geographic -
al area, the number of Radio Frequency transmitters being a subset of all Radio Frequency transmitters located within the geograph -

1cal area, the info:

'mation being decodable to provide global locations and identifiers of the number of Radio Frequency transmitters;

comparing an identifier associated with the at least one detected Radio Frequency transmitter with the global locations and 1dentifi -
ers of the number of Radio Frequency transmitters; and determining the location of the mobile device within the geographical area;
wherein the information 1s received in a reduced format.
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TECHNICAL FIELD

[0001] The present application relates to geo-reference based location of

mobile devices using a wireless network.

BACKGROUND DISCUSSION

[0002] Modern mobile device positioning utilizes a combination of satellite-
based and geo-reference based techniques. EXisting geo-reference positioning
methods generally look up the pre-recorded positions of one or more Radio
Frequency (RF) transmitters, such as WiFi access points or cellular base stations,
from a centralized database service or from a pre-loaded onboard database. The
methods of the prior art generally require real time searching of databases that
include a list of all possible Radio Frequency transmitters in a service area.
Because of the size of these databases and because the databases may reside on
a remote server, the access and search time for determining a position of the
mobile device may be extensive. Further, the memory requirements for pre-

loading onboard databases may add costs to the device positioning solution.

0003} Some prior art solutions use a mobile device software client to
record the presence of 802.11 signals, which are then associated with the
current GPS location of the mobile device. The information is then logged into a
centralized measurements database server. Information gathered from multiple
devices is then analyzed and the estimated position of each 802.11 WiFi access
point is calculated, stored in a centralized database and referred to when
answering position requests from other clients based on one or more WiFi access

points detected.
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SUMMARY
[0004] In an aspect of the present disclosure there is provided a method of

determining a location of a mobile device, including: detecting, at the mobile
device, at least one Radio Frequency transmitter; receiving information
associated with a number of Radio Frequency transmitters located within a
geographical area, the number of Radio Frequency transmitters being a subset of
all Radio Frequency transmitters located within the geographical area, the
information being decodable to provide global locations and identifiers of the
number of Radio Frequency transmitters; comparing an identifier associated with
the at least one detected Radio Frequency transmitter with the global locations
and identifiers of the number of Radio Frequency transmitters; and determining
the location of the mobile device within the geographical area; wherein the

information is received in a reduced format.

[0005] In another aspect of the present disclosure there is provided a
mobile device including: a wireless communication system to detect at least one
Radio Frequency transmitter; a processor in communication with the wireless
communication system to: receive information associated with a number of Radio
Frequency transmitters located within a geographical area, the number of Radio
Frequency transmitters being a subset of all Radio Frequency transmitters
located within the geographical area, and decode the first information to provide
global locations and identifiers of the number of Radio Frequency transmitters;
and compare an identifier associated with the at least one Radio Frequency
transmitter with the global locations and identifiers of the number of Radio
Frequency transmitters to determine the location of the mobile device within the

geographical area; wherein the information is received in a reduced format.

[0006] Other aspects and features of the present disclosure will become
apparent to those ordinarily skilled in the art upon review of the following

description of specific embodiments in conjunction with the accompanying

figures.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Embodiments of the present application will now be described, by
way of example only, with reference to the attached Figures, wherein:

10008] FIG. 1 is a block diagram of an example mobile device;

[0009] FIG. 2 shows a payload structure of a GVS Tag;

[0010] FIG. 3 shows tiers within a GVS Region;

[0011] FIG. 4A shows an example of GVS Region partitioning;

[0012] FIG. 4B shows a nested GVS Region partition;

[0013] FIG. 5 shows a subset of a GVS Region;

[0014] FIG. 6(a) to 6(d) depict how GVS Tags are generated,;

[0015] FIG. 7 shows a GVS Tag excess update;

[0016] FIG. 8 shows the relative geometrical sequence between a trio of
neighboring GVS Tags;

[0017] FIG. 9 is a flowchart depicting an auto-update method;

[0018] FIG. 10 is a flowchart depicting a method of determining a position;
and

[0019] FIG. 11 shows a computed node position based on a GVS position

tag index.
DETAILED DESCRIPTION

[0020] The present disclosure describes an example mobile device,
methods and systems of generating, packaging and distributing regional subsets
of geo-reference positioning information and using the positioning information to

determine a location.

[0021] According to one example, the mobile device, methods and systems
described herein efficiently manage and distribute a regional subset (GVS
Region) of geo-reference tags (GVS Tags) based on an extensible Geocoded
Vector Signature (GVS) method. GVS Regions include information associated
with some of the Radio Frequency transmitters located within a geographical

area. A client radio device, or mobile device, may efficiently utilize its resources
3
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to fix its position, self-update current GVS Region information and optionally
receive updates or new GVS Regions from a centralized service with minimum
network data payload and onboard computing overhead requirements. The term
“Geocoded Vector Signature” (GVS) is used throughout the description to
generally refer to information associated with one or more Radio Frequency (RF)
transmitters, which may be cellular base stations, access points of a WiFi
network, or other 802.XX radio or network equipment, in a geographical area,
and should not be interpreted as limiting. In general, the information associated
with the Radio Frequency transmitters is encoded using a vector approach and

the vectors of information are associated with geographical areas.

10022] The present disclosure further provides methods, systems and
apparatus for efficiently generating, distributing and refining GVS Regions of GVS
Tags. Different methods for generating GVS Regions based on target accuracy,
data payload and computing power requirements may be provided. Each GVS
Tag includes information about a number of nearby Radio Frequency transmitters
selected based on their overlapping geometry within a given service area. Radio
Frequency transmitters are uniquely identifiable by their respective ID (e.q.
cellular base station number, Wi-Fi access points MAC address ...). The mobile
device may determine its position by comparing the nearby Radio Frequency
transmitter identifiers that the mobile device is able to detect against a
preloaded GVS Region, which is a geographically bounded subset of GVS Tags
defined by reference to a global coordinate system. In order to detect nearby
Radio Frequency transmitters, a wireless communication subsystem includes a
Radio Frequency receiver and the mobile device generally uses a “sniffing”
method that is well know in the art and therefore will not be described further
here. Other methods may be used for detecting nearby Radio Frequency
transmitters, such as active listening or passive scanning, for example.

[0023] It will be appreciated that for simplicity and clarity of illustration,
where considered appropriate, reference numerals may be repeated among the
figures to indicate corresponding or analogous elements. In addition, nhumerous

specific details are set forth in order to provide a thorough understanding of the
4
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embodiments described herein. However, it will be understood by those of
ordinary skill in the art that the embodiments described herein may be practiced
without these specific details. In other instances, well-known methods,
procedures and components have not been described in detail so as not to
obscure the embodiments described herein. Also, the description is not to be
considered as limiting the scope of the embodiments described herein.

[0024] Referring now to FIG. 1, a method of determining a position of a
mobile device may be performed by example mobile device 100. The mobile
device 100 includes a number of components including those shown in FIG. 1. A
processor 102 controls mobile device operation and communicates with a
wireless communication system 104, which may communicate with a wireless
network, and a memory 106. An operating system 108 and software programs
110, including positioning software 112, are stored in the memory 106 and
executed by the processor 102. The presence of the positioning software 112 and
a positioning database 114 allow the mobile device to operate as a GVS client.
[0025] The positioning software 112 receives, decodes and updates GVS
Regions, which are then stored in the positioning database 114. The GVS Regions
are generated at a server 116, which includes a GVS Factory. The GVS Factory,
which is generally software that is operable on the server, accesses a global
database of reference location and unique ID information of Radio Frequency
Transmitters to generate, package, and distribute GVS Regions of GVS Tags to
the mobile device 100. When the GVS Regions of GVS Tags have been received
at the mobile device 100, the positioning software 112 further operates as a
positioning engine to provide a position of the mobile device 100 based on
detected nearby Radio Frequency Transmitters that are compared with the GVS
Tags within the currently active GVS Region.

[0026] In one embodiment, generating, packaging and distributing of GVS
Regions of GVS Tags is performed locally on the mobile device 100. In this
embodiment, the GVS Factory operates on the mobile device 100 and accesses a

global database of reference Radio Frequency Transmitter locations, or
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alternatively, is capable of assembling a local database from its own geo-tagged
recordings of detected nearby Radio Frequency Transmitters.

[0027] Operation of the GVS Factory, which includes three primary phases
having sub-phases will now be described. A GVS Region is a geographically
bounded subset of GVS Tags. The GVS Tags themselves are represented using a
set of geometrically similar polygonal shapes such as squares or hexagons, for
example. The consistent geometry allows the representation of GVS Tags to take
advantage of adjacent and/or overlapping shape segments, shape nodes, with
either fixed and/or variable shape sizes.

[0028] The GVS Regions are uniquely described by respective preambles
followed by a list of GVS Tags. Each preamble includes a GVS Region ID field,
reference position index, position index direction, resolution, total number of
hops, and reference timestamp. The GVS Region ID is a uniqgue number assigned
by the GVS Factory. The reference position index is a reference to the global
coordinate value of the first GVS Tag within the GVS Region, typically a
latitude/longitude/altitude position. The Position index direction is used to
determine the direction (e.g. horizontal or vertical) and the step status (e.q.
increment or decrement) towards the center of the shape representing the next
GVS Tag in the GVS Region, as shown at Table 1. The resolution is a value that
reflects the size of the regular shapes generated by the GVS Factory. The total
number of hops indicates the maximum GVS Tag count found within the GVS
Region. The total number of hops is used for quality control purposes at the
Positioning software 112 of the mobile device 100 to verify the integrity of the
total number of retrieved GVS Tags included within a given GVS Region. The
reference timestamp reflects the most recent update of the GVS Region, which
can be used to determine whether the data that is present on the mobile device
IS up-to-date or no longer current. In general, the GVS Region is an encoded
structure which, using a single actual shape position, allows for the description of
an unlimited number of shapes relative to the first one. The encoded structure
facilitates a very efficient update mechanism in which individual GVS Tags within

a GVS Region can be updated without retransmitting the entire GVS Region.
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Table 1 provides an example of how the Position Index is used to “walk through”
and refer to each GVS Tag present within a GVS Region.
[0029] Table 1

Direction | Indication
0 10 Horizontal & Increment
0 1 Horizontal & Decrement
1 | 0 Vertical & Increment
1 | 1 Vertical & Decrement

[0030] The GVS _Féctory _génerates_ a GVS Region for a targeted and
bounded geographical area. The number of GVS Tags within a given GVS Region
IS a function of several factors, including the selected GVS Tag shape, the desired
resolution and the availability and density of actual number of Radio Frequency
Transmitters in the global reference Radio Frequency Transmitter database for
the selected area. Parts of the GVS data may be pre-generated and assembled
later to optimize download time.

[0031] In an embodiment, a central position of the polygon shape is the
known reference position index associated with the GVS Tag within the GVS
Region. In another embodiment, the GVS Factory generates a grid of GVS Tag
nodes according to the selected polygon shape representing the GVS Tags within
the GVS Region. Each GVS Tag node in the grid is a node of the polygon shape
and the position of each GVS Tag node can therefore be exactly referenced
within the geographical area covered by the GVS Region. In still another
embodiment, the GVS Factory scans the global database of Radio Frequency
Transmitters to find the Radio Frequency Transmitters that best match each of
the GVS Tag nodes in the grid covered by the GVS Region.

[0032] Different methods may be used to select best nearby Radio
Frequency transmitters to associate to each GVS Tag node. The described
selection methods may be used individually or may be combined with other
methods. The selection may be based on the technology used by each of the
nearby Radio Frequency transmitters. The selection may be based on the Radio

Frequency Transmitter in the global Radio Frequency Transmitter database
7
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closest to the absolute position of any given GVS Tag node. The selection may be
based on the Radio Frequency Transmitter near the GVS Tag node with the
highest recorded Received Signal Strength (RSS) in the global Radio Frequency
Transmitter database. The selection may be based on the Radio Frequency
Transmitter with the more recent observations. The selection may be based on
the Radio Frequency Transmitter near the GVS Tag node with the highest
number of observations recorded in the global Radio Frequency Transmitter
database. In other words, the number of times that the Radio Frequency
Transmitter has been previously observed at or near this given position, thereby
increasing the odds that a Mobile device 100 at or near this position will also
detect the same Radio Frequency Transmitter. Further, the selection may be
based on the position uncertainty of the Radio Frequency Transmitter near the
GVS Tag node in the global Radio Frequency Transmitter database. The selection
may be based on the Geometry (i.e. the relative position) of the selected nearby
Radio Frequency Transmitters with respect to adjacent nodes on the grid of the
GVS Region, or the selection may be based on the signal propagation time such
as the timing advance. The selection may also be based on partial human
intervention where the transmitter has been specified as a known truth location.
[0033] When the GVS Factory has completed the GVS Region structure
definition, including the underlying GVS Tag reference positions, and selected the
set of Radio Frequency Transmitters that best match the nodes of all GVS Tags,
construction of the GVS Tag may begin.

[0034] Without loss of generality, an example of the generation of the GVS
Tag payload structure and the generation of the GVS Tags by the GVS Factory
will be described with a) the GVS Region using a hexagon shape as its underlying
grid structure and b) the Radio Frequency Transmitter technologies being Cellular
and Wi-Fi and therefore being identifiable using Cell-ID and MAC addresses.
[0035] As shown at FIG. 2, the GVS Tag payload structure 200 includes the
following information fields: a) unique identifiers 202 for each of nodes 1 to 6 of
the hexagon-shaped GVS Tag; b) the serving Cell Sector-Identifiers (C-SID) 204;

and c) a header which includes three flags: hop count 206, boundary code 208,
8
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and layer number 210. The unique identifiers, such as Bb:Dd:Ff for node 1, for
example, are derived from the respective MAC addresses (typically in a
Aa:Bb:Dd:Ee:Ff format) of the Radio Frequency transmitter(s) of the selected
Wi-Fi access points (APs) found to best match locations of respective nodes of
the GVS Tag. The unique identifiers are placed in the GVS Tag payload according
to a geometrical order.

[0036] A unigque identifier may be any identifier that uniquely refers to one
or more Radio Frequency transmitters associated with a node. The unique
identifiers may be globally unique or unique within a GVS region. A compressed
form of a MAC address is one example of a unique identifier, however, other
types of unique identifiers are possible. In general, unique identifiers are a
reduced version of actual Radio Frequency transmitter(s).identifiers associated
with a node.

[0037] The use of two or more Radio Frequency Transmitter technologies,
each with different Radio Frequency propagation and coverage areas, adds a
level of redundancy to the GVS Tags. There are three main benefits of using the
serving C-SID field: a) reduce the probability of having duplicated Wi-Fi APs MAC
addresses within the same serving C-SID, and hence, enable the use of a
compressed version of MAC address to reduce payload size; b) accelerate the
search algorithm within the mobile device 100 to find MAC address matches and
return a rapid coarse position; and ¢) maintain autonomous positioning capability
beyond limitations of any given single Radio Frequency Transmitter technology,
such as those currently found in Wi-Fi based positioning technologies in certain
areas (e.g. tunnels, rural or heavy foliage) and mobile scenarios (e.g. a client
device riding a train/bus and accessing train’s/bus’s Wi-Fi AP).

[0038] The GVS Tag includes a hop count field (Hop#) which represents the
number of hops with respect to the reference position index as defined in the
GVS Region preamble. The GVS Tag further includes a field called Boundary
Code, which allows the GVS Factory to very effectively index the position of each
GVS Tags within a GVS Region. Table 2 lists different Boundary Codes.
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[0039] Table 2

0
0
0
0
—
0
0
—

North
East

West

North East
South East
North West
South West

o 4l o al ol ol o ©

[0040] Boundary Codes that start with “10” indicate that a GVS Tagqg is
located at the boundary of the geographical area covered by the GVS Region.
Boundary codes that start with "11” indicate that a GVS Tag is located at a
corner of the geographical area covered by the GVS Region. The positioning
software 112 of the mobile device 100 can use Boundary Codes to enable a
specific position indexing procedure when a Boundary Code starting with “11”
(i.e. a corner GVS Tag) is found, which allows the GVS Region to cover irregular
geographical areas. For example, a GVS Region may be defined to circumvent a

large body of water near an urban setting or a GVS Region may be defined

10
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according to standardized, but irreqularly shaped areas such as municipal or
regional counties.

[0041] Therefore, in one embodiment, the GVS Tag Position Indexing
Procedure in the GVS Factory may sequentially walk through and describe each
GVS Tag in the GVS Region by: 1) Going forward by incrementing the position
index of the next GVS Tag by one step in the same current direction (i.e.
horizontal or vertical); 2) Taking a turn by incrementing the position index of the
next GVS Tag by one step while changing direction (i.e. from horizontal to
vertical, or vice versa); and 3) Going backwards by decrementing the position
index by one step in the same current direction (i.e. horizontal or vertical).
[0042] In another embodiment, the Position Indexing Procedure can follow
a two-dimensional position index displacement table generated by the GVS
Factory.

[0043] To reference a position in 3D, the GVS Factory uses a Layer Number
field (Layer #) to indicate the height (altitude) and/or floor level. Hence, the GVS
Factory can generate multiple GVS Tags at any given 2D position index with
different layer numbers to facilitate 3D positioning.

[0044] Referring to FIG. 3, a GVS Region Tier 300 is a virtual shape (e.q.
square, circle, sector, shell ...etc.) centered in the middle of a GVS Region and
covering a geographical area within the GVS Region. The GVS Region Tier
number is a Boundary Codes starting with “"0”. The GVS Factory can associate
GVS Tags within Tiers while building the GVS Tags’ payload. Tiers can be used by
the positioning software 112 of the mobile device 100 to optimally detect when
an edge 302 or a corner 304 of the GVS Region is being approached and
therefore dynamically request adjacent GVS Region(s) from a server if the
mobile device 100 does not already have a suitable adjacent GVS Region.
[0045] The GVS Region is the basic unit for transferring information
between the GVS Factory and a mobile device 100. While the Layer# located
within GVS Tags makes it possible to locate a client device in three dimensions,

the GVS Region, in one embodiment, partitions the positioning database, which

11
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contains WiFi AP positions, using only longitude and Iatitude reference
coordinates.

[0046] A GVS Region is referenced by an identifier called Region ID. The
Region ID facilitates 1) identification by the GVS Factory of a set of GVS Regions
to be sent to the mobile device 100 and 2) search/request of adjacent GVS
Regions by the mobile device 100. The GVS Region is generated by the GVS
Factory according to the following: (a) the GVS Region ID is unique; (b) the GVS
Region ID is fixed; (c) the GVS Region ID can easily identify adjacent GVS
Regions and (d) the GVS Region ID is identified by reference to a global
coordinate system.

[0047] GVS Regions may themselves be partitioned based on a nested grid
structure, which partitions a given geographic area into uniform boundaries as
shown in FIG. 4A. For example, the GVS Region 400 in the grid cell shown as “e”
in FIG. 4A may be uniquely identified by its “Cd” Region ID, which is the
intersection of the row and column of the grid structure. In a nested fashion, the
“Cd” grid cell may be further partitioned into uniform boundaries as shown in
FIG. 4B. Therefore, the GVS Region 402 in the grid cell shown as "¢"in FIG. 4B
may be uniquely identified by a refined “"CdDe” Region ID. This method is
scalable for further geographical boundary refinement. The position located at
the center of each GVS Region ID represents the central points in which the GVS
Region Tiers are constructed.

[0048] Referring to FIG. 5, an example of a subset 500 of a GVS Region
that uses a regular hexagon shape for its GVS Tags 502 is shown. As the GVS
Factory finds best matching APs close to the nodes 504 of each GVS Tag,
neighbouring GVS Tags will share some common APs. Hence, the GVS Factory
exploits this redundancy between adjacent GVS Tags to avoid sending duplicated
APs identifiers.

[0049] In the example described of FIG. 5, every trio of neighbouring GVS
Tags shares a common AP. Hence, the GVS Factory only needs to send two APs
per GVS Tag as shown at FIG. 6 in order for the positioning software 112 of the

mobile device 100 to fully reconstruct the GVS Region and Tags locally. The GVS
12
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Factory packages GVS node data, based on the grid shape selected for the GVS
Region in order to generally eliminate any duplication of the data. FIG. 6(a)
shows the first column of GVS Tags generated by only two APs; FIG. 6(b) shows
the second column of GVS Tags casted by only two APs, while the first columns
of GVS Tags reconstructed part of their missing APs information; FIG. 6(c) a
third column of GVS Tags helps the second columns to reconstruct their missing
APs information; FIG. 6(d) shows a complete subset of the GVS Region.

[0050] Determination of a location of the mobile device 100 will now be
described. The positioning software 112: a) computes the mobile device location
based on the current GVS Region(s) received from a GVS Factory, b) populates
and updates the current GVS Region(s) in its local memory, ¢) periodically
reports updates back to the GVS Factory to continuously improve the
performance of the system, and d) exchanges GVS Regions and acquired Radio
Frequency transmitter information with peer devices, such as mobile phones,
tablets and laptops, for example.

[0051] When a GVS Region has been retrieved from the GVS Factory, the
GVS Region is provided in a reduced format that is based on the grid structure
having polygonal-shaped cells. In order to locally decode and reconstruct all the
GVS Tags within the GVS Region a) position index population and b) GVS Tag
cross referencing are performed.

[0052] In one embodiment, the positioning software 112 of the mobile
device 100 populates position indexes of the GVS Tags by using information from
the GVS Region Preamble (e.g. reference position index and resolution) and GVS
Tags (i.e. Hop# field and Boundary Code). In other words, starting with the
reference position index, the positioning software 112 follows the direction, Hop
# and Boundary Codes instructions to fully map the position index of each GVS
Tag within the GVS Region.

[0053] In another embodiment, the GVS Factory sends information to the
mobile device 100. The information includes specific coordinate offsets per GVS
Tag with respect to the reference position index of the GVS Region. This allows

for efficient compression of overlay updates.
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[0054] Since the GVS Factory packages GVS Tags having a minimum
number of APs to avoid duplication, the repopulated GVS Tags will include unique
identifiers, which may include only part of the AP Identifier information. The
cross-referencing process is performed in order to associate AP information with
each of the GVS Tag nodes. In one embodiment, adjacent GVS Tags share
information about common APs according to the relative geometry within each
GVS Tag. In another embodiment, internal counters may be generated per GVS
Region when a new row and/or column has been repopulated. In still another
embodiment, the GVS Factory may send information to the mobile device 100
that contains updated AP ID association within GVS Tags.

[0055] Referring to FIG. 7, an augmented GVS Tag payload structure with
excess update 700 is shown. When a new AP MAC address has been detected,
the positioning software 112 of the mobile device 100 checks whether the new
AP MAC address is located in a vicinity of a full rank GVS Tag (i.e. a fully
populated GVS Tag, with APs assigned to each of its nodes). In this scenario, the
positioning software 112 expands this full rank GVS Tag and associates the new
AP MAC address(es) with the GVS Tag once an acceptable criteria has been met.
In the example of FIG. 7, the excess update slots of the GVS Tag payload
structure do not have a position index therefore, the new AP MAC address may
be associated with a centre of GVS Tag. Alternatively, the new AP MAC address
may be associated with one of the nodes of the GVS Tag. The acceptable criteria
may be a function of resolution, RSS, relative geometry or number of
measurements, for example. The acceptable criteria are determined by the
positioning software 112 of the mobile device 100.

[0056] FIG. 8 shows the relationship between adjacent tags having
common nhodes, which may be relied upon to update GVS Tag information. An
example method for performing the update is shown in FIG. 9. At 900 and 902,
when the positioning software 112 finds a new AP located in the vicinity of a rank
deficient GVS Tag (i.e. a GVS Tag without a full number/set of APs), the
positioning software 112 goes through different acceptance criteria steps. When

the new AP passes the first acceptance criteria (e.g. RSS, geometry,
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resolution...), at 904, the positioning software 112 establishes a logical link
between: the deficient rank GVS Tag and its potential filling place(s) (i.e. which
node in the AP geometry 112345and 6} within the given GVS Tag), and the
candidate AP found in its vicinity, at 906.

[0057] At 908, when more than two links have been established for a given
AP candidate, a second acceptance criteria is triggered, at 910, which is based on

relative geometry. As shown in FIG. 8, a trio of neighbouring GVS Tags (e.q.
£y, £:. L3} and {£1, £:,£44}) share a relative geometrical sequence on the node that

is common to all three GVS Tags (i.e. 1246, which is identified by reference
numeral 800 and 113,33, which is identified by reference numeral 802,
respectively). Therefore, a valid geometrical sequence should be verified
between the three neighbouring GVS Tags and the potential hode with which the
given AP candidate should be associated. A third acceptance criteria may be
selected, at 912, to examine the proximity of the candidate AP with respect to a
trio of neighbouring GVS Tags. Once all acceptance criteria have been verified,
the Positioning software 112 associates the candidate AP to the three
neighbouring GVS Tags, at 914.

[0058] Overlay Updates are used to efficiently deliver updated GVS Region
information without retransmitting a full GVS Region if the full GVS Region was
previously received by the positioning software 112 of the mobile device 100.
This enables the Positioning software 112 to refresh a subset of the GVS Tags
(i.e. use newly detected or updated AP information). The Positioning software
112 can periodically request an Overlay Update from the GVS Factory by
providing the current GVS Region ID and GVS Region Time Stamp. The GVS
Factory can maintain GVS Region Overlays for a given time period after which it
may force the Positioning software 112 to receive a new GVS Region (if for
example, there have been many updates since the time stamp of the last
received GVS Region and/or if the GVS Factory has set a new resolution for the
GVS Region). Once the positioning software 112 receives a GVS Region Overlay,

the same process as described in the position index population may be followed
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to effectively update the positioning software’s 112 current GVS Region. The GVS
Region time stamp field is also updated to the most current value.

[0059] When the mobile device 100 approaches GVS Region boundaries
(i.e. when the Boundary Codes of the GVS Tag that the mobile device 100 is
currently closest to starts with “1”, as shown at Table 2) and when the
positioning software 112 does not have a GVS Region adjacent to the GVS
Region of the current GVS Tag the positioning software 112 can request a
dynamic update from the GVS Factory.

[0060] In one embodiment, the positioning software 112 may calculate the
rate of change between specific Boundary Codes found within the accessed GVS
Tags. Based on the rate of increase of GVS Region Tier numbers, indicating that
the mobile device 100 is approaching a GVS Region boundary, the positioning
software 112 can elect to request a dynamic update

[0061] In another embodiment, the positioning software 112 may store and
send hop count numbers of the recently accessed GVS Tags to the GVS Factory;
the GVS Factory then utilizes this information with other information such as the
GVS Region reference position index and resolution to determine the optimal
GVS Region shape and pattern required in the dynamic update.

[0062] In another embodiment, the mobile device 100 utilizes its resources
(e.g. memory size, data network speed, and data network accessibility) and
client status (e.g. velocity and navigation route) before requesting a dynamic
update.

[0063] In still another embodiment, information received from the onboard
global satellite navigation system (GNSS) may trigger an update. For example,
when , GNSS signal reception conditions are poor, a new GVS Region may be
retrieved based on the current predicted route.

[0064] In yet another embodiment, a positioning software 112 can trigger
an overlay update if the locally found adjacent GVS Region has a different
resolution than the currently accessed GVS Region.

[0065] GVS-based positioning will now be described with reference to FIG.

10. The positioning software 112 uses the GVS Tags in the GVS Region as
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received from the GVS Factory. The positioning software 112 may follow a
number of methods to optimally determine a GVS-based position.

[0066] Following decoding and populating of the GVS Region with GVS Tags
on the mobile device 100, the positioning software 112 may be used to
determine a location of the mobile device 100. To initiate a position calculation,
the positioning software 112 will first detect Radio Frequency transmitters and
obtain a list of MAC addresses for the Wi-Fi APs that the mobile device 100 can
detect, along with the serving C-SID if the mobile device’s cellular transceiver is
active. The positioning software 112 will then start to compare these against the
GVS Tags.

[0067] Normally, the MAC addresses of a nhumber of the detected nearby
WiFi APs will match the MAC and/or compressed MAC addresses found within the
GVS Tags. If the C-SID is also available, this will further accelerate the search
across GVS Tags and allow MAC compression (i.e. data compression). When a C-
SID match is found but none of the detected WiFi AP's MAC addresses are
matched to a GVS Tag in the GVS Region, the GVS Positioning Engine will return
a weighted average of the all the GVS Tag position indexes that match the
detected C-SID. The GVS positioning engine may operate differently according to
the number of matched WiFi AP’'s MAC addresses, as depicted in FIG. 10.

[0068] As shown in FIG. 10, in an example, the GVS Positioning Engine
may return the GVS Tag position index directly, as indicated at 1000, when the
number of matched APs per GVS Tag is 3 or more. Alternatively, the GVS
Positioning Engine may return a weighted average of the computed position of
the matched APs, as indicated at 1002, when the number of matched APs per
GVS Tag is less than 3, for example. The number of matched APs per GVS Tag
that determines whether the GVS Positioning Engine returns the GVS Tag
position index directly or returns a weighted average of the computed position of
the matched APs is not limited to 3 and may be set by the user.

[0069] The computed position of a given AP per GVS Tag can be calculated
using the following information: the GVS Tag position index, the number of

matching nodes, the GVS Region resolution, and the geometry of the matched
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APs within the GVS Tag (i.e. matched AP node {1.23,45076}!, within the GVS
Taqg).
[0070] R'eferring to FIG. 11, the GVS Region uses an underlying grid based

on regular hexagon shapes, and the GVS Tag position index is given by: i = F‘r"],

and X indicates the GVS Region resolution. Hence, the computed position of the

- 1/2
Apl —_— Lf + R V;_g—

six APs,{AP1,AP2,AP3,AP4,AP5,and AP6} can be found by: / 24,

11 AP3 =L, + R —1/2] AP4d = L.+ H- 1/2 ‘
arz=Li+R-| 7] 37,1 ‘ _V3; | AP5= .{:+R[]

1/2
ﬁP@=£g+R‘ Véﬁ ]

/21 1n addition to the algebraic equations, the curvature of the

earth is compensated for using standard equations when determining node
position.

[0071] Additional methods may then be used to further refine the
performance of the Positioning Engine, as indicated at 1004 of FIG. 10, prior to
releasing the GVS position fix, at 1006. In one embodiment, when a GVS
Positioning Engine found several GVS Tags matched by more than three APs, a
position refinement method may be selected to return the weighted average of
all of these GVS Tag position indexes directly, without calculating the node
position. The weighting function can be function of: the relative RSS of the
matched APs, the relative GVS Region Resolution and/or the geometry of the
GVS Tagq.

[0072] In another embodiment, a position refinement method may be
selected to return one of the GVS Tag position indexes with favourable AP
matching attributes, such as RSS and its variance over several observations.
[0073] In still another embodiment, when the GVS Positioning Engine
determined that several GVS Tags have been matched by less than three APs
each, a positioning refihnement method may be used to select the weighted

average all of APs computed positions.
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[0074] In yet another embodiment, when the GVS Positioning Engine
determined that some GVS Tags have been matched by less than three APs
each, while other GVS Tags have been matched by more than three APs, a
positioning refinement method may be used to select the weighted average of all
returned positions (i.e. GVS Tag position indexes and APs computed positions).
[0075] In another embodiment, a position refinement method may include
ignoring and discarding some APs when the APs: were experiencing low RSS,
displayed bad geometry (e.g. the AP moved after a GVS Region was received) or
had been considered within another GVS Tag.

[0076] In another embodiment, when the GVS Positioning Engine
determined that some GVS Tags at different layers have been matched by less
than three APs each, while other GVS Tags have been matched by more than
three APs, a positioning refinement method may be used to utilize the layer
number information (Layer#) within all or some of the GVS Tags to provide a 3D
position.

[0077] In another embodiment, the GVS Positioning Engine may use a
positioning refinement method as described herein to calculate a position
uncertainty and/or a position confidence level. In another embodiment, the
previous time tagged position fix can be used to verify any position ambiguity as
a result of duplicated APs MAC addresses across GVS Tags.

[0078] It will be appreciated by a person skilled in the art that the GVS
Positioning Engine may use more than one position refinement method
concurrently.

[0079] Further it will be appreciated that the methods described herein
may be provided as computer-readable code executable by at least one
processor of the mobile device to perform the method and may be stored in a
computer-readable medium, such as a non-transitory computer-readable
medium. Some of the steps of the methods described herein may alternatively
be carried out by hardware or a combination of hardware and software.

[0080] The above-described embodiments are intended to be examples

only. Alterations, modifications and variations can be effected to the particular
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embodiments by those of skill in the art without departing from the scope of the

present application, which is defined solely by the claims appended hereto.
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AMENDED CLAIMS
recelived by the International Bureau on 16 January 2013 (16.01.2013)

What is claimed is:

1. A method of determining a location of a mobile device, comprising:

detecting, at the mobile device, at least one Radio Frequency transmitter;

comparing an identifier associated with the at least one detected

Radio Frequency transmitter with global locations and identifiers of a number of
Radio Frequency transmitters located within a geographical area, the global
locations and identifiers having been decoded from information associated with
the number of Radio Frequency transmitters received at the mobile device, the
number of Radio Frequency transmitters being a subset of all Radio Frequency
transmitters located within the geographical area; and

determining the location of the mobile device within the geographical area;

wherein the information is received at the mobile device in a reduced
format and the global locations and identifiers are stored on the mobile device

prior to detection of the at least one Radio Frequency transmitter at the mobile

device.

2. A method as claimed in claim 1, wherein the reduced format is based on a

grid structure having polygonal-shaped cells.

3. A method as claimed in claim 2, wherein nodes of the polygonal-shaped
cells comprise unique identifiers derived from Radio Frequency transmitter
addresses of ones of the number of Radio Frequency transmitters associated with

the nodes and the unique identifiers are a compressed form of the Radio

Frequency transmitter addresses.

4. A method as claimed in claim 3, wherein determining the location of the
mobile device comprises returning the location of a centre of one of the

polygonal-shaped cells when the identifier matches one of the unique identifiers.
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5. A method as claimed in claim 1, comprising requesting further information
associated with Radio Frequency transmitters located within an adjacent
geographical area when the mobile device is located near a boundary of the
geographical area, the number of Radio Frequency transmitters being a subset of

all Radio Frequency transmitters located within the adjacent geographical area.

6. A method as claimed in claim 1, wherein the information is received from a
server.
7. A method as claimed in claim 1, wherein the information is received from a

memory of the mobile device.

8. A method as claimed in claim 1, wherein an information update is received

when the information is no longer current.

9. A method as claimed in claim 1, wherein the information is updated with
iInformation relating to the at least one Radio Frequency transmitter detected at

the mobile device.

10. A method as claimed in claim 8, wherein the information update populates

all information fields.

11. A method as claimed in claim 8, wherein the information update populates

some information fields.

12. A method as claimed in claim 1, wherein at least one of the number of

Radio Frequency transmitters is an access point of a WiFi network.
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13. A method as claimed in claim 12, wherein at least one of the number of

Radio Frequency transmitters is an access point of an IEEE 802 wireless network.

14. A method as claimed in claim 1, wherein at least one of the number of

Radio Frequency transmitters is a base station in a cellular wireless network.

15. A method as claimed in claim 1, wherein the number of Radio Frequency
transmitters comprise more than one type of Radio Frequency transmitter

technology.

16. A method as claimed in claim 1, comprising sending the information to

another mobile device.

17. A mobile device comprising:
a wireless communication system for detecting at least one Radio
Frequency transmitter;
a processor in communication with the wireless communication system to:
receive information associated with a number of Radio Frequency
transmitters located within a geographical area, the number of Radio Frequency
transmitters being a subset of all Radio Frequency transmitters located within the
geographical area, and decode the information to provide global locations and
identifiers of the number of Radio Frequency transmitters; and
when the at least one Radio Frequency transmitter is detected,
compare an identifier associated with the at least one Radio Frequency
transmitter with the global locations and identifiers of the number of Radio
Frequency transmitters to determine the location of the mobile device within the

geographical area;
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wherein the information is received in a reduced format and the global
locations and identifiers are stored on the mobile device prior to detection of the

at least one Radio Frequency transmitter.

18. A mobile device as claimed in claim 17, wherein at least one of the

number of Radio Frequency transmitters is an access point of a WiFi network.

19. A mobile device as claimed in claim 17, wherein at least one of the
number of Radio Frequency transmitters is a base station in a cellular wireless

network.

20. A mobile device as claimed in claim 17, wherein the number of Radio
Frequency transmitters comprise more than one type of Radio Frequency

transmitter technology.
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