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IDENTIFYING NEIGHBORS OF GEO-SPATIALLY DISTRIBUTED RADIO
TRANSMITTERS

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims priority to U.S. Application Serial No. 12/579,376, filed on
October 14, 2009.

BACKGROUND

This specification relates to identifying neighbors of geo-spatially distributed radio
transmitters, for example, cell towers in mobile telecommunications network.

Carriers that rely on radio-frequency signals to transmit information operate networks
of radio transmitters. The carriers can identify each radio transmitter by unique identifiers
including the geo-spatial coordinates (e.g., latitude and longitude) of the radio transmitter
location. The carriers manage information relating to the radio transmitters that they operate,
and also, the carriers can share/combine information relating to their respective radio
transmitters with other carriers to comply with agreements between carriers, or to conform to
various national and international regulations. Accordingly, an international-governed data
repository stores information relating to the geo-spatial (latitude and longitude) coordinates
of each radio transmitter in operation world-wide. Such a record may include, for example,
entries corresponding to over 15 million cell towers operating around the globe.

To satisfy increased demand for an ever-growing number of subscribers who demand
and use increasing communication capacity and bandwidth, the carriers can deploy numerous
new radio transmitters. Some of the newly deployed radio transmitters can be installed in
(usually urban) areas that already have a large spatial density of radio transmitters. Some
other of the newly deployed radio transmitters can be installed in sub-urban or rural arecas
that have a sparse density of radio transmitters, or no radio transmitters at all. While the
addition of new radio transmitters is usually prevalent, carriers can also remove radio
transmitters from some locations, either because upgrading an obsolete transmitter at the
respective location is not possible due to space, power and/or regulation limitations, or
because extending or renewing contractual agreements with owners of the respective radio

transmitter locations cannot be achieved. The addition or removal of radio transmitters
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anywhere around the world can be reported to the above-mentioned international-governed
data repository. Thus, the record — containing information relating to the geo-spatial (latitude
and longitude) coordinates of each radio transmitter in operation world-wide and maintained
at the international-governed data repository — can be updated to reflect the addition and/or
removal of radio transmitters.

Portions of the foregoing record can be used, for example, to provide location based
services (LBS). If the geo-spatial coordinates of three cell towers are provided to a cell
phone, the relative strength of the signals from the three cell towers detected by the cell
phone can be used for triangulating the instant position of the cell phone. Moreover, the cell
phone can continue to track its instant location for as long as the cell phone can detect signals
from the three cell towers. Multiple LBS can be provided to a cell phone based on its known

geographical location, such as promotions, news and emergency notifications.

SUMMARY

This specification describes processes and systems for identifying a set of neighbors
of a radio transmitter based on available geo-spatial coordinates of radio transmitters in
operation around the world.

In general, one innovative aspect of the subject matter described in this specification
can be implemented in methods that include the actions of receiving from a central source
updates about geographically distributed radio transmitters. Responsive to the received
updates, an associated set of neighbors can be generated for each of the geographically
distributed radio transmitters. The associated set of neighbors of a radio transmitter includes
up to a predetermined number of geographically-closest neighboring radio transmitters of the
radio transmitter. Also, each radio transmitter of the associated set of neighbors of the radio
transmitter is located up to a predetermined geographical-distance away from the radio
transmitter. Upon request from a mobile device in communication with a given radio
transmitter, geo-spatial coordinates for each of a generated set of neighbors associated with
the given radio transmitter can be provided to the mobile device to facilitate location-based
services (LBS).

Generating the associated set of neighbors for each of the geographically distributed
radio transmitters involves receiving a data-set including geo-spatial coordinates for each of

the geographically distributed radio transmitters. The geographically distributed radio
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transmitters can be grouped in latitude-bins such that each latitude-bin is centered on an
associated latitude, has an identical latitude-angle range, and overlaps half of a next latitude-
bin to the North and half of a next latitude-bin to the South. For each radio transmitter from
cach latitude-bin, a set of neighbors of a radio transmitter from a latitude-bin can be
generated. The radio transmitter is also from another latitude-bin, and each of the generated
set of neighbors is from among radio transmitters, located in either of the latitude-bin and the
other latitude-bin, that are separated from the radio transmitter by a longitude-distance
shorter than the predetermined geographical-distance. The longitude-distance between a first
and second radio transmitters is measured, along a line of latitude of the latitude-bin, between
a longitude line of the first radio transmitter and a longitude line of the second radio
transmitter.

Generating the set of neighbors of the radio transmitter involves sorting radio
transmitters from the latitude-bin by longitude-distance to the radio transmitter. The set of
neighbors of the radio transmitter can be built such that radio transmitters included in the
built set of neighbors are from the sorted latitude bin. Radio transmitters in the other latitude-
bin can be sorted by longitude-distance to the radio transmitter. The built set of neighbors can
be updated such that the radio transmitters included in the updated set of neighbors are either
from the sorted latitude-bin or from the other sorted latitude-bin.

Building the set of neighbors of the radio transmitter involves selecting a next radio
transmitter from the sorted latitude-bin. Responsive to a longitude-distance between the radio
transmitter and the selected radio transmitter being shorter than a maximum distance between
the radio transmitter and anyone of the set of neighbors, a geographical distance can be
calculated between the selected radio transmitter and the radio transmitter. Further responsive
to the calculated distance being shorter that the maximum distance, and responsive to the set
of neighbors having fewer that a predetermined number of radio transmitters, the selected
radio transmitter can be added to the set of neighbors. Furthermore responsive to the
calculated distance being less that the maximum distance, and responsive to the set of
neighbors having the predetermined number of radio transmitters, eliminating from the set of
neighbors a radio transmitter corresponding to the maximum distance prior to adding the
selected radio transmitter to the set of neighbors. Additionally, responsive to the longitude-

distance between the radio transmitter and the selected radio transmitter being longer than the
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maximum distance, providing the set of neighbors for the radio transmitter. The selected
radio transmitter can be tagged, and later skipped upon identification of the tag.

In another aspect, the described subject matter can also be implemented in a system
including a user device and one or more computers operable to interact with the device. The
system further includes a set of geographically distributed assets of known latitude and
longitude, and a specified geographic location. The one or more computers are further
operable to provide to the user device a subset of the set of assets. The subset includes assets
located within a predetermined radial-distance from the specified location. The one or more
computers are configured to group assets from the set of geographically distributed assets in
latitude-bins. Each latitude-bin having a width equal to twice the predetermined radial-
distance, and overlapping half of a next-to-the-North latitude-bin and half of a next-to-the-
South latitude-bin. The one or more computers are also configured to sort the assets, in two
latitude-bins containing the specified location, by longitude-distance to the specified location.
For each sorted asset having the longitude-distance to the specified location shorter than the
predetermined radial-distance, the one or more computers can calculate a geographical-
distance to the specified location, and can add to the subset an asset having the calculated
geographical-distance to the specified location shorter than the predetermined radial-distance.

In some implementations, after sorting the assets as described above, for each sorted
asset having the longitude-distance to the specified location shorter than a maximum distance
for the subset, the one or more computers can calculate a geographical-distance to the
specified location. The maximum distance for the subset is equal to the predetermined radial-
distance, if the predetermined number of assets has not been reached. And a geographical-
distance corresponding to an asset of the subset that is located farthest from the specified
location, if the predetermined number of assets has been reached. The one or more computers
can add to the subset, an asset having the calculated geographical-distance shorter than the
maximum distance for the subset. Responsive to the predetermined number of assets having
been reached, remove from the subset the asset that is located farthest from the specified
location.

The one or more computers can include a server operable to interact with the device
through a data communication network, and the device is operable to interact with the server

as a client. Further, the device can be a mobile telephone configured to request from the
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server the subset of assets located within a predetermined radial-distance from the specified
location. Furthermore, the one or more computers can be one computer, the device is a user
interface device, and the one computer contains the user interface device.

Additionally, the set of geographically distributed assets can include radio
transmitters. The radio transmitters include cell tower transmitters. Alternatively, the radio
transmitters include one or more of Wireless Fidelity (WiFi) and Worldwide Interoperability
for Microwave Access (WIMAX) transmitters. However, the radio transmitters can included
both cell tower transmitters and one or more of wifi and WIMAX transmitters.

In an additional aspect, the described subject matter can also be implemented in a
computer-implemented method for searching waypoints that includes (a) receiving a set of
waypoints, each waypoint having associated latitude and longitude values. The received set
of waypoints can be (b) ordered along lines of latitude, sorted by longitude values. The lines
of latitude can be (c) closed by linking the highest and lowest longitude value waypoints per
latitude line. Each one of the set of waypoints can be (d) examined starting at a reference
waypoint on a line of latitude and moving away from the reference waypoint through
longitude values. During the examination, (¢) ascending and descending along the lines of
latitude and calculating a geographical-distance between the reference waypoint and an
examined neighboring waypoint. Examination can be (f) stopped and a set of neighbors of
the reference waypoint can be provided when a last examined waypoint is closer than a next
waypoint in latitude-distance, either ascending or descending, such that the set of neighbors
comprises the examined waypoints. Steps (d-f) can be (g) repeated for all of the set of
waypoints along the lines of latitude, for all the lines of latitude.

Particular aspects of the subject matter described in this specification can be
implemented so as to realize one or more of the following advantages. The process disclosed
in this specification can reduce the computational resources needed to determine distances
between geographically distributed radio transmitters by replacing calculations performed in
two dimensions (2D) with calculations performed in one dimension (1D). For example, while
the 2D distance calculations involve computationally intensive multiplications and square
root operations, the 1D distance calculations involve computationally less intensive

operations, such as sorting and grouping of arrays, followed by addition operations.
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Further, the processes disclosed here can speed up generation of an associated set of
neighbors for each of a large number of geographically distributed radio transmitters in a
scalable manner. For example, if the radio transmitters of interest are part of the worldwide
cell phone network, the number of cell towers in operation world wide may exceed 15
million. Further, the number of radio transmitters may be in the hundreds of millions for
Wireless Fidelity (WiFi) and/or Worldwide Interoperability for Microwave Access
(WiMAX) networks. The processes and systems disclosed in this specification can be applied
to, and can scale efficiently for, either of the foregoing and/or other radio-based
communication networks.

The processes and systems described here can also be implemented as part of a fully
customizable solution/service for providing geo-spatial coordinates of a set of radio
transmitters located in a given geographical area. For example, the provided set of radio
transmitters can be customized to have a desired size (in terms of number of neighbors and/or
radial range). The provided set of radio transmitters can be further customized to include
radio transmitters of a specific type, and/or radio transmitters that belong to specific network
carriers, and/or other possible grouping criteria.

The details of one or more implementations of the subject matter described in this
specification are set forth in the accompanying drawings and the description below. Other
features, aspects, and advantages of the subject matter will become apparent from the

description, the drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an example system including a computing device for providing
location-based services to mobile devices in communication with the computing device.

FIG. 2A shows a flow chart of an example process for generating and distributing
neighbor information for geo-spatially distributed radio transmitters.

FIG. 2B shows a flow chart of an example process for generating a set of neighbors
for each of the geo-spatially distributed radio transmitters.

FIGs. 3A-3F are block diagrams showing aspects of an example implementation of a
process for generating a set of neighbors for a radio transmitter.

FIG. 4 shows a flow chart of an example process for generating a set of neighbors for

a radio transmitter.
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FIGs. SA-5E show aspects of an example implementation of a process for generating
neighbor information for given geo-spatially distributed radio transmitters.
Like reference numbers and designations in the various drawings indicate like

elements.

DETAILED DESCRIPTION

Processes and systems are disclosed for generating an associated set of neighbors for
cach of geographically distributed radio transmitters. These processes can be implemented at
a computing device for generating sets of neighbors for each of geographically distributed
radio transmitters.

The processes and systems disclosed in this specification can be implemented as part
of internet-based services, also known as cloud services, such as, for example, the MOBILE
ME ® service (available from Apple, of Cupertino, California), for facilitating location-based
services (LBS).

FIG. 1 shows a block diagram of an example system 100 including a computing
device 10, for providing LBS to a mobile device 40 in communication with the computing
device 10. The mobile device 40 can communicate with other mobile devices or with the
computing device 10 through a radio communication channel via radio transmitters 30-1, ...,
30-4, ... of a radio-based communication network. Further, the mobile device 40 can
communicate with the computing device 10 via a communication network 50, such as the
Internet. Further, the computing device 10 can communicate with a data server 20 that stores,
among other things, geo-spatial information 25 relating to the radio transmitters 30-1, ..., 30-
4, ... of the radio-based communication network. In this specification, geo-spatial or
geographical information (data) includes at least a latitude and a longitude corresponding to a
location of a radio transmitter. The communication between the computing device 10 and the
storage server 20 can be carried out via the Internet 50.

In some implementations, the radio-based communication network can be a cell
phone network. In such implementations, mobile device 40 may be, for example, a
smartphone or a cell phone, and the radio transmitters 30-1, ..., 30-4, ... may be cell towers.
The cell towers 30-1, ..., 30-4, ... may all belong to a cell network operated by a single
carrier, or may be part of multiple cell networks operated by several carriers. The data server

20 may be operated by a centralized entity (e.g., an organization, a body, an enterprise) and
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may store a unique record for each of cell towers 30-1, ..., 30-4, ... being operated around
the world. The unique record corresponding to each cell tower may include a set of codes:
mobile country code (MCC), mobile network code (MNC), location area code (LAC), and a
cell tower ID (CELL). Further, the unique record associated with each cell tower includes a
latitude and a longitude associated with the geographical location of each cell tower. The
data server 20 stores a record 25 that includes data about 15 million cell towers that are
operational world-wide.

In other implementations, the radio-based communication network can be based on
WiFi technology. (Wireless Fidelity.) Thus, the radio-transmitters 30-1, ..., 30-4, ... may be
WiFi transmitters. In yet other implementations, the radio-transmitters 30-1, ..., 30-4, ...
may be WiMAX transmitters, and the radio-based communication network can be based on
WiMAX technology. (Worldwide Interoperability for Microwave Access.) In WiFi or
WiMAX implementations, the data server 20 may store a data-set of geographical
coordinates for a much larger number of radio transmitters: Hundreds of millions WiFi and
WiMAX transmitters, compared with 15 million cell towers corresponding to the cell phone
network. Further, in some other implementations, the records of two or more types of
networks from among the cell phone network, WiFi network and WiMAX network may be
combined in one record, resulting in a very large data-set of geographical coordinates
associated with radio-transmitters operating around the world.

In any of the foregoing implementations, the data server 20 can update the data-set
25, including geo-spatial coordinates for each radio transmitter operating around the world,
to reflect additions or removals of radio transmitters anywhere in the world. The data server
20 may update the data-set 25 at regular time intervals (for example, daily, weekly, monthly)
or as frequently as necessary (for example, in real time, upon reporting of an
addition/removal of a radio transmitter). Further, the data server 20 may provide the updated
record 25 to the computing device 10 either at regular time intervals (for example, daily,
weekly, monthly) or, in real time, upon completion of an update. The updated record 25 can
be pushed by the data server 20 to the computing device 10. Alternatively, the updated record
25 can be pulled (requested) by the computing device 10 from the data server 20.

The computing device 10 can receive the updated record 25 including geo-spatial

coordinates for each radio transmitter in operation around the world. The computing device
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10 can generate a set of nearest neighbors associated with each radio transmitter in the
updated record 25 as disclosed in this specification. A set of neighbors can be defined to have
up to a predetermined number of neighboring radio transmitters. For example, a first and a
second radio transmitters can be considered neighbors if a geographical-distance between the
first and the second radio transmitters is smaller than a predetermined distance. The
geographical-distance, D(1,2), between the first and the second radio transmitters can be
calculated in terms of the geo-spatial coordinates, (latl, longl) and (lat2, long2), of the first

and the second radio transmitters, respectively, in accordance with EQs. 1-3:

D(1,2)=4[DZ,(12)+ D}, (12) EQ.1
EQ.2
Dlat (1’2) = REarth Sin|:(lat1 o latZ )L:| Q
180
. T . T EQ.3
D,,.1.2)=Ry,, sm{(long1 —long, )@} sm[lat1 @j

The parameter “R_Earth” in EQs. 2, 3 represents the Earth radius (R_Earth = 6,372,797.9 m).
EQ. 2 provides a formula for calculating a latitude-distance between the first and second
radio transmitters. The distance between two lines of latitude separated by 1° is constant and
approximately equals 110 km. EQ. 3 provides a formula for calculating a longitude-distance
between the first and second radio transmitters. The distance, dlong, between two lines of
longitude separated by 1° depends on latitude. For example, dlong = 110 km (approximately)
at the Equator, and dlong = 0 at the poles. At 47° latitude, dlong = 80 km (approximately).

Once the sets of nearest neighbors associated with each radio transmitter have been
generated, the computing device 10 can load the generated sets of neighbors in memory.
Thus, when a mobile device 40 in communication with computing device 10 requests a set of
neighbors of a given radio transmitter, the computing device 10 can provide, for example, the
requested set of neighbors and the geo-spatial coordinates associated with the requested set
of neighbors.

Such a request can be placed when a mobile device 40 attempts to determine its
geographic location (specifically, latitude and longitude at current location of the mobile
device). For example, a user may turn on a smartphone 40 to look up diners in its
geographical vicinity. The smartphone 40 may detect signals from four nearby cell towers

30-1, 30-2, 30-3 and 30-4. The detected signals enable the smartphone 40 to identify the four
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cell towers 30-1, 30-2, 30-3 and 30-4 and to rank the strength of the detected signals. The
ranking of the detected signal strengths enable the smartphone 40 to estimate a relative
proximity of the smartphone 40 to the identified cell towers. In this example, the smartphone
is closest to cell tower 30-1. The smartphone 40 can connect to the cloud service 10 and can
request, in some implementations, a list including a set of neighbors of cell tower 30-1 and
the geo-spatial coordinates of each of the set of neighbors. In other implementations, the
smartphone 40 may also request the geo-spatial coordinates of the other detected cell towers,
30-2, 30-3 and 30-4 (and even their respective set of neighbors).

Once the above information is provided to the smartphone 40 by the cloud service 10,
the smartphone 40 may uniquely determine its current geographic location based on
triangulating the detected signals from, and using the received geographical coordinates
(latitude and longitude) of, cell tower 30-1 and two of its closest neighbors, ¢.g., 30-2 and 30-
3. Upon determining its instant geographical location, the user of the smartphone 40 may
accurately lookup diners that are closest to the smartphone’s current location.

Additionally, the user of the smartphone 40 can travel over the predetermined
distance (covered by the received set of neighbors) and continue to update the smartphone’s
instant location via the triangulation technique described above, based on the instant three
closest cell towers, for as long as the instant three closest cell towers are included in the
received set of neighbors. When that is no longer the case, the smartphone 40 can reconnect
to the cloud service 10 and may request a set of neighbors of an instant closest cell tower. As
requests for data transfer can be expensive in terms of power consumption, it can be a great
benefit for the smartphone 40 to continue determining its geographical location, while
traveling over the predetermined distance, without having to request further updates from the
cloud service 10.

An example of a process 200A for generating and distributing neighbor information
for geo-spatially distributed radio transmitters is shown in FIG. 2. Process 200A can be
implemented at a cloud service, for example, similar to cloud service 10 discussed in
reference to FIG. 1. Further, process 200A can be performed by a computing device, for
example, similar to computing device 10 discussed in reference to FIG. 1.

In some implementations, process 200A can start by receiving 205, by a computing

device from a storage server, updates about geographically distributed radio transmitters. The
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received updates can represent a full record of all radio transmitters that operate around the
world. The full record may include most recently added radio transmitters. The full record
may further reflect absence of most recently removed radio transmitters. Alternatively, the
received updated record may only include an indication of the most recently added and
removed radio transmitters, i.e., the received record can be a delta-record.

After receiving the updates, process 200A can continue by generating 220 an
associated set of neighbors for each of the geographically distributed radio transmitters. The
associated set of neighbors of a radio transmitter can include up to a predetermined number
of geographically closest neighboring radio transmitters of the radio transmitter. For
example, the predetermined number of neighbors can be 20. Further, each radio transmitter
of the associated set of neighbors of the radio transmitter is located up to a predetermined
geographical-distance away from the radio transmitter. For example, the predetermined
geographical-distance may be 50 km. In another example, the predetermined geographical-
distance may be 35 km. Furthermore, the generated sets of neighbors corresponding to the
geographically distributed radio transmitters can be stored in memory of the computing
device of the cloud service.

Upon request from a mobile device in communication with a given radio transmitter,
the process 200A can continue by providing 240, by the computing device to the mobile
device, geo-spatial coordinates for each of a generated set of neighbors associated with the
given radio transmitter. The foregoing information may be provided to facilitate location-
based services (LBS). An example of such LBS carried out by cloud service 10 for the
benefit of smartphone 40 was discussed above in reference to FIG. 1.

FIG. 2B shows a flow chart of an example process 200B for generating a set of
neighbors for each of the geo-spatially distributed radio transmitters. The process 200B can
be implemented, for example, to accomplish the generating 220 of an associated set of
neighbors for each of the geographically distributed radio transmitters, as part of process
200A described above in reference to FIG. 2A.

In some implementations, process 200B can start by receiving 210 a data-set
including geo-spatial coordinates for each of the geographically distributed radio
transmitters. The received data-set can be the updated record described above in reference to

FIG. 2A.
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Process 200B can continue by grouping 222 the geographically distributed radio
transmitters in latitude-bins. Each latitude-bin can be constructed to be centered on an
associated latitude. For example, the latitude-bin 47° represents a ribbon (strip) that circles
the Earth and is centered on parallel (latitude line) 47°. Each latitude-bin has an identical
latitude-range corresponding to twice the predetermined geographical-distance. For example,
if the predetermined distance is chosen to be 50 km, then the corresponding latitude-range is
1°, corresponding to 100 km (or twice the predetermined distance of 50 km). Thus, for the
above example, the latitude-bin 47° represents a ribbon (strip) that circles the Earth while
being centered on parallel (latitude line) 47° and having a width of 100 km. Further, a next
latitude-bin is shifted North-bound from the current latitude-bin by half the latitude-range,
corresponding to a distance-shift equal to the predetermined geographical-distance.
Similarly, another next latitude-bin is shifted South-bound from the current latitude-bin by
half the latitude-range, corresponding to a distance-shift equal to the predetermined
geographical-distance. For latitude-bin 47° that is centered on parallel (latitude line) 47° and
that has a latitude-range (latitude-angle) of 1° (corresponding to twice the predetermined
distance of 50 km), the next latitude-bin to the North is centered on parallel (latitude line)
47.5°. And, the next latitude-bin to the South is centered on parallel (latitude line) 46.5°. By
incrementing the latitude-bins in the manner described above, each latitude-bin overlaps half
of a next latitude-bin to the North and half of a next latitude-bin to the South.

Process 200B can include two process loops. An outer loop cycles 224 through each
latitude-bin. An inner loop cycles 226 through each radio transmitter included in a latitude-
bin.

Process 200B can continue by generating 230 a set of neighbors of a radio transmitter
from the latitude-bin. Based on the description above of latitude-bins, the radio transmitter
included in a latitude-bin is also included in another latitude-bin. For example, if the radio
transmitter is located in the Northern-half of latitude-bin 47°, then the radio transmitter is
also located in (the Southern-half of) latitude-bin 47.5°. However, if the radio transmitter is
located in the Southern-half of latitude-bin 47°, then the radio transmitter is also located in
(the Northern-half of) latitude-bin 46.5°.

Further, to speed up generating 230 the set of neighbors of the radio transmitter, only

the ones from among radio transmitters, located in either of the latitude-bin and the other
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latitude-bin, that are separated from the radio transmitter by a longitude-distance shorter than
the predetermined geographical-distance may be examined to determine whether to be
included in the generated set of neighbors. The longitude-distance between a first and second
radio transmitters is equal to a distance measured along a line of latitude of the latitude-bin
between a meridian (longitude line) of the first radio transmitter and a meridian (longitude
line) of the second radio transmitter, in accordance with EQ. 3. For example, if the first and
second radio transmitters are included in latitude-bin 47°, a longitude-distance, D(1,2),
corresponding to a predetermined geographical-distance of 50 km corresponds to a
longitude-range of 0.7°. Therefore, if the first radio transmitter has a longitude of 5.9°, and
the second radio transmitter has a longitude of 6.4°, the second transmitter may be considered
for inclusion in the generated set of neighbors of the first radio transmitter, as the longitude-
distance between the second and first radio transmitters is shorter then the predetermined
geographical-distance of 50 km. However, if the longitude of the first radio transmitter is
5.9°, and the longitude of the second radio transmitter is 6.9°, the second transmitter may not
be considered for inclusion in the set generated set of neighbors of the first radio transmitter,
as the longitude-distance between the second and first radio transmitters is longer then the
predetermined geographical-distance of 50 km.

Examining the ones from among radio transmitters, located in either of the latitude-
bin and the other latitude-bin, that are separated from the radio transmitter by a longitude-
distance shorter than the predetermined geographical-distance can involve calculating a
geographic-distance from the examined radio-transmitter to the radio transmitter. The
examined ones having a calculated geographic-distance shorter than the predetermined
geographic-distance can be included in the set of neighbors of the radio transmitter.

Process 200B may include, as part of generating 230 the set of neighbors of the radio
transmitter, an intermediate step of sorting the radio transmitters from the latitude-bin by
longitude-distance to the radio transmitter. Sorting by longitude-distance can be performed in
two steps. A step involves sorting the radio transmitters in the latitude-bin by longitude.
Another step involves subtracting the longitude of the radio transmitter from the longitude of
cach radio transmitter in the latitude-bin. The sorting and the subtracting can be performed in
either order. Then, as disclosed above, generating 230 the set of neighbors of the radio

transmitter may proceed by examining the ones from among the radio transmitters included
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in the sorted latitude bin that are separated from the radio transmitter by a longitude-distance
shorter than the predetermined geographical-distance.

Process 200B may include, as part of generating 230 the set of neighbors of the radio
transmitter, another intermediate step of sorting the radio transmitters from the other latitude-
bin that includes the radio transmitter. The sorting of the other latitude-bin is performed
(similarly as the sorting of the latitude-bin) by longitude-distance to the radio transmitter.
Then, as disclosed above, updating the generated set of neighbors of the radio transmitter
may proceed by examining the ones from among the radio transmitters included in the sorted
other latitude bin that are separated from the radio transmitter by a longitude-distance shorter
than the predetermined geographical-distance.

FIGs. 3A-3F are block diagrams showing aspects of an example implementation of a
process for generating a set of neighbors of a radio transmitter. The process implemented in
FIGs. 3A-3F may be based on a combination of processes 200A and 200B described above,
in reference to FIGs. 2A and 2B.

FIG. 3A shows an image 300A of a map of Neuchatel, Switzerland. Parallels (latitude
lines) of 46.5°, 47°, 47.5° and 48° (N) are represented on the map. Meridians (longitude
lines) of 4.9°, 5.6°, 6.3° and 7° (E) are also represented on the map. Parallels that are 0.5°
apart are separated by a geographical-distance of 50 km. For example, a geographical-
distance of 50 km can be measured along meridian 4.9° from parallel 47° to parallel 47.5°.
Further, at Neuchatel’s latitude, meridians that are 0.7° apart are separated by a geographical-
distance of 50 km. For example, a geographical-distance of 50 km can be measured along
parallel 47° from meridian 4.9° to meridian 5.6°.

Detailed features of the map have been excluded except for representations (circles)
of sixty radio transmitters in and around the vicinity of Neuchatel. A tourist may turn on her
smartphone 40 and may detect signals from radio transmitters 30-1 (filled circle), 30-2 and
30-3. The signal detected from radio transmitter 30-1 is the strongest, thus indicating that
radio transmitter 30-1 is the closest radio transmitter to smartphone 40. A request to a cloud
service placed by smartphone 40, as described for example in FIG. 1, can result in the
smartphone 40 receiving geo-spatial coordinates for each of a set of neighbors associated

with the radio transmitter 30-1.
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FI1Gs 3B-3F illustrate aspects of an example process, performed by a computing
device of the cloud service, for generating the set of neighbors associated with the radio
transmitter 30-1. The generated set of neighbors of radio transmitter 30-1 can contain up to,
for example, twenty radio transmitters. Each radio transmitter included in the generated set of
neighbors is separated from radio transmitter 30-1 by a geographical-distance shorter than 50
km.

FIG. 3B shows an image 300B of the map of Neuchatel. A portion 320 of a latitude-
bin 310 centered on parallel 47° is overlaid on the map image 300B. The radio transmitter
30-1 is included in latitude-bin 310. The portion 320 of the latitude-bin 310 shown on the
image 300B (in dashed line) is limited to the West by meridian 4.9° and to the East by
meridian 7°. However, the latitude-bin 310 extends, beyond the Western and Eastern
boundaries of the portion 320, around the Earth, to close on itself in ribbon (strip) —fashion,
as described above. The radio transmitters included in latitude-bin 310 can be sorted in order
of increasing longitude-distance from radio transmitter 30-1. In this implementation, the
sorting is performed by tying the radio transmitters together, in a manner similar to adding
pearls on a string, to construct an East-bound string 302, and a West-bound string 304. The
strings 302 and 304 may extend beyond the Eastern and Western boundaries, respectively, of
portion 320 of latitude-bin 310.

FIG. 3C shows an image 300C of the map of Neuchatel, including the portion 320 of
latitude-bin 310 containing radio transmitters from latitude-bin 310 ordered along East-bound
string 302, and West-bound string 304, in order of increasing longitude-distance from radio
transmitter 30-1. Also overlaid on the map image 300C are longitude line 311 of the radio
transmitter, and longitude lines 312 and 313 (represented by dotted lines). The longitude
lines 312 and 313 are separated from longitude line 311 by a longitude-range corresponding
to the predetermined geographical-distance. In the example implementation shown in FIG.
3C, longitude lines 312 and 313 are separated from longitude line 311 by a longitude-range
of 0.7°, corresponding to the predetermined geographical-distance of 50 km. Additionally,
the dotted-lined circle 315 overlaid on the map image 300C encompasses an area centered on
the radio transmitter 30-1 and having a radius equal to the predetermined geographical-

distance (of 50 km, in this example).
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Each radio transmitter on string 302 located to the West of longitude line 312 can be
examined to determine whether to be included in the generated set of neighbors. Also, each
radio transmitter on string 304 located to the East of longitude line 313 can be examined to
determine whether to be included in the generated set of neighbors.

Consider, for example, radio transmitter 30-i on string 302. Radio transmitter 30-i on
string 302 is located to the West of longitude line 312. Once the computing device can
establish that radio transmitter 30-i is to be examined based on the foregoing criterion, the
computing device can calculate the geographical-distance, D(1,1), between radio transmitter
30-1 and radio transmitter 30-i in accordance to EQs. 1-3. As shown in FIG. 3C, radio
transmitter 30-i is located inside circle 315 (the 50 km-circle, in this example), thus, the
computing device can determine that radio transmitter 30-i may be added to the set of
neighbors of radio transmitter 30-1. If the set of neighbors being generated has fewer than the
predetermined number of neighbors (20, for this example), radio transmitter 30-1 is added to
the set of neighbors. If, however, the set of neighbors being generated has already reached
the predetermined number of neighbors (20, for this example), then the computing device
compares the calculated geographical-distance, D(1,1), with the maximum geographical-
distance for the set of neighbors. If the calculated geographical-distance, D(1,1), is longer
than the maximum geographical-distance for the set of neighbors, then the radio transmitter
30-1 cannot be added to the set of neighbors. Alternatively, if the calculated geographical-
distance, D(1,1), is shorter than the maximum geographical-distance for the set of neighbors,
then the radio transmitter corresponding to the maximum geographical-distance is eliminated
from the set of neighbors, and the radio transmitter 30-1 is be added to the set of neighbors.

Consider next, for example, radio transmitter 30-j located Eastward from radio
transmitter 30-1 on string 302. Radio transmitter 30-j on string 302 is located to the West of
longitude line 312. Once the computing device can establish that radio transmitter 30-j is to
be examined based on the foregoing criterion, the computing device can calculate the
geographical distance, D(1,)), between radio transmitter 30-1 and radio transmitter 30-j in
accordance to EQs. 1-3. As shown in FIG. 3C, radio transmitter 30-j is located outside circle
315, thus, the computing device can determine that radio transmitter 30-1 may not be added

to the set of neighbors of radio transmitter 30-1. The computing device continues next to
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examine the radio transmitter 30-k located Eastward from radio transmitter 30-j on string
302, and so on.

Once the set of neighbors being generated reaches the predetermined number (20 in
this example), a subsequent radio transmitter on either of strings 302 and 304 may be
examined if the subsequent radio transmitter is separated from the radio transmitter 30-1 by a
longitude-distance shorter than the maximum geographical-distance for the current set of
neighbors. Prior to the set of neighbors being generated having reached the predetermined
number (20, in this example), the longitude-distance of a subsequent radio tower is compared
with the predetermined geographical-distance (50 km, in this example) to determine whether
to examine the subsequent radio tower. The dashed-line circle 318 overlaid on the map image
300C encompasses an area centered on the radio transmitter 30-1 and having a radius equal
to the maximum geographical-distance for the set of 20 neighbors of radio transmitter 30-1.

Each and every radio transmitter examined during the processing of latitude-bin 310
can be tagged (marked) accordingly, whether or not the respective radio transmitter has been
included in the set of neighbors of radio transmitter 30-1. Such tagging, that marks a radio
transmitter as having been examined, can prevent double processing of the radio transmitter
during the processing of the other latitude-bin 330 that includes the radio transmitter 30-1.

FIG. 3D shows an image 300D of the map of Neuchatel. A portion 340 of a latitude-
bin 330 centered on parallel 47.5° is overlaid on the map image 300D. The radio transmitter
30-1 is included in latitude-bin 330. The portion 340 of the latitude-bin 330 shown on the
image 300D (in dashed line) is limited to the West by meridian 4.9° and to the East by
meridian 7°. However, the latitude-bin 330 extends, beyond the Western and Eastern
boundaries of the portion 340, around the Earth, to close on itself in ribbon (strip) —fashion,
as described above. The radio transmitters included in latitude-bin 330 can be sorted in order
of increasing longitude-distance from radio transmitter 30-1. In this implementation, the
sorting is performed by tying the radio transmitters together, in a manner similar to adding
pearls on a string, to construct an East-bound string 306, and a West-bound string 308. The
strings 306 and 308 may extend beyond the Eastern and Western boundaries, respectively, of
portion 340 of latitude-bin 330.

FIG. 3E shows an image 300E of the map of Neuchatel, including the portion 340 of

latitude-bin 330 containing radio transmitters from latitude-bin 330 ordered along East-bound
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string 306, and West-bound string 308, in order of increasing longitude-distance from radio
transmitter 30-1. Also overlaid on the map image 300E are longitude line 311 of the radio
transmitter, and longitude lines 312 and 313 (represented by dotted lines). The longitude
lines 312 and 313 are separated from longitude line 311 by a longitude-range corresponding
to the predetermined geographical-distance. In the example implementation shown in FIG.
3E, longitude lines 312 and 313 are separated from longitude line 311 by a longitude-range
of 0.7°, corresponding to the predetermined geographical-distance of 50 km. Additionally,
the dotted-lined circle 315 overlaid on the map image 300E encompasses an area centered on
the radio transmitter 30-1 and having a radius equal to the predetermined geographical-
distance (of 50 km, in this example).

However, the radio transmitters located in the Southern-half of latitude-bin 330 have
been examined during the processing of latitude-bin 310 and have been tagged accordingly.
By avoiding to reprocess (skipping examination of) the tagged radio transmitters in latitude-
bin 330, the processing of strings 306 and 308 can be sped up significantly. Therefore, the
radio towers to be examined during the processing of the other latitude-bin 330 can be
chosen from among untagged radio transmitters of strings 306 and 308.

Prior to the set of neighbors being generated having reached the predetermined
number (20, in this example), each untagged radio transmitter on string 306 located to the
West of longitude line 312 can be examined to determine whether to be included in the
generated set of neighbors. Also, each untagged radio transmitter on string 308 located to the
East of longitude line 313 can be examined to determine whether to be included in the
generated set of neighbors. Once the set of neighbors being generated reaches the
predetermined number (20 in this example), a subsequent untagged radio transmitter on
either of strings 306 and 308 may be examined if the subsequent untagged radio transmitter
is separated from the radio transmitter 30-1 by a longitude-distance shorter than the
maximum geographical-distance for the current set of neighbors.

Consider, for example, a next radio transmitter on of strings 306 and 308. Once the
computing device can establish that the next radio transmitter is to be examined based on the
foregoing criteria, the computing device can calculate the geographical-distance between the
next radio transmitter and radio transmitter 30-1 in accordance to EQs. 1-3. For example, the

next radio transmitter can be located inside circle 315 (the 50 km-circle, in this example),
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thus, the computing device can determine that the next radio transmitter may be added to the
set of neighbors of radio transmitter 30-1. If the set of neighbors being generated has fewer
than the predetermined number of neighbors (20, for this example), the next radio transmitter
is added to the set of neighbors. If, however, the set of neighbors being generated has already
reached the predetermined number of neighbors (20, for this example), then the computing
device compares the calculated geographical-distance with the maximum geographical-
distance for the set of neighbors. If the calculated geographical-distance is longer than the
maximum geographical-distance for the set of neighbors, then the next radio transmitter
cannot be added to the set of neighbors. Alternatively, if the calculated geographical-distance
is shorter than the maximum geographical-distance for the set of neighbors, then the radio
transmitter corresponding to the maximum distance is eliminated from the set of neighbors,
and the next radio transmitter is added to the set of neighbors.

The computing device may continue to examine another untagged radio transmitter
located Eastward from the next radio transmitter on string 306 or located Westward from the
next radio transmitter on string 308, and so on. The dashed-line circle 338 overlaid on the
map image 300E encompasses an area centered on the radio transmitter 30-1 and having a
radius equal to the maximum geographical-distance for the set of 20 neighbors of radio
transmitter 30-1. Note that some of the towers included in the generated set of neighbors of
radio transmitter 30-1 are located only in latitude-bin 330 (to the North of parallel 47.5°).
Some other of the towers included in the generated set of neighbors of radio transmitter 30-1
are located only in latitude-bin 310 (to the South of parallel 47°). And the remaining towers
included in the generated set of neighbors of radio transmitter 30-1 are located in the
overlapping areas of latitude-bins 310 and 330 (between parallels 47° and 47.5°).

Finally, FIG. 3F shows an image 300F of the map of Neuchatel. The dotted-lined
circle 315 overlaid on the map image 300F encompasses an area centered on the radio
transmitter 30-1 and having a radius equal to the predetermined geographical-distance (of 50
km, in this example). Additionally, the dashed-line circle 338 overlaid on the map image
300F encompasses an area centered on the radio transmitter 30-1 and having a radius equal to
the maximum geographical-distance for the generated set of 20 neighbors of radio transmitter
30-1. In this example, the maximum geographical-distance for the set of 20 neighbors of

radio transmitter 30-1 is shorter that the predetermined geographical distance of 50 km. In
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other geographical vicinities, where the spatial distribution of radio transmitters may be
sparser, the generated set of neighbors of a given radio transmitter may not reach the
predetermined number (for example, 20) over an area of radius equal to the predetermined
geographical distance (for example, 50 km).

FIG. 4 shows a flow chart of an example process 400 for generating a set of
neighbors of a given radio transmitter from among radio transmitters grouped in a latitude
bin. For example, process 400 can be applied to generate the set of neighbors of radio
transmitter 30-1 as described in the example implementation illustrated in FIGs. 3B and 3C,
or in FIGs. 3D and 3E.

In some implementations, process 400 receives 405 a data-set including geo-spatial
coordinates (latitude and longitude) of radio transmitters located in the same latitude-bin as
the given radio transmitter. For example, in FIGs 5B and 5C, the given radio transmitter may
be labeled 30-1, and the latitude-bin may be labeled 310. The radio transmitters in the
latitude-bin can be sorted by longitude-distance to the given radio transmitter.

Process 400 can receive 410 an indication of what the maximum number of neighbors
in the set of neighbors, N, is desired to be. In reference to FIGs. 3B and 3C, N has been
referred to as the predetermined number of the set of neighbors. The maximum number of
neighbors can be chosen to be N=20.

Process 400 can initialize 415 a maximum geographical-distance for the set of
neighbors, dMax, to a default radius (range), R. The maximum geographical-distance for the
set of neighbors, dMax, can remain fixed to the default radius, R, for as long as the set of
neighbors has not reached the maximum number of neighbors, N. Else, if the set of neighbors
has reached the maximum number of neighbors, N, then the maximum geographical-distance
for the set of neighbors, dMax, can be a distance measured from the given radio transmitter
to the farthest among the set of N-neighbors.

Process 400 can initialize 417 a count of radio transmitters in the set of neighbors to
zero prior to generating the set of neighbors for the given radio transmitter. The count can be
incremented by 1 from 0 to N.

Process 400 can select 420 a next radio transmitter in the sorted latitude-bin. The
node A associated with the selection 420 represents an indication of an iterative selection.

Specifically, the operations of process 400 can be applied to each radio transmitter in the
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latitude-bin based on the conditional steps described below. Thus, the next radio transmitter
can refer to a first (closest) radio transmitter near the given radio transmitter at the beginning
of the iterative process 400. However, the next radio transmitter can refer to any other radio
transmitter included on the ordered strings 202 and 204 in FIGs. 3B and 3C, or on the
ordered strings 206 and 208 in FIGs. 3D and 3E, for example.

Process 400 verifies 425 whether the selected radio transmitter is tagged as having
been previously processed. A tagged radio transmitter is skipped (not reprocessed), and a
next radio transmitter can be selected 420 from the sorted latitude-bin. Tagged radio
transmitters may have been encountered during the processing of latitude-bin 330, in the
example implementations illustrated in FIGs. 3D and 3E, regarding radio towers located in
both latitude-bin 310 and latitude-bin 330.

If, however, the selected radio transmitter is untagged, process 400 can tag 430 the
selected radio transmitter as processed. Tagging radio transmitters may have been applied
during the processing of latitude-bin 310, in the example implementations illustrated in FIGs.
3B and 3C, regarding radio towers located in latitude-bin 310.

Process 400 verifies 435 whether the selected radio transmitter is separated from the
given tower by a longitude-distance, Dlong, shorter than the maximum geographical-distance
for the set of neighbors, dMax. If the selected radio transmitter is separated from the given
tower by a longitude-distance, Dlong, longer than the maximum geographical-distance for
the set of neighbors, dMax, then process 400 can be completed (stopped) by providing 440
the generated set of neighbors of the given radio transmitter. For example, such a situation
may occur in geographical areas having a sparse distribution of radio towers before reaching
the maximum number of neighbors, N, in the set of neighbors. However, such condition can
also happen, for example, in geographical areas having a dense distribution of radio towers in
which the maximum number of neighbors, N, in the set of neighbors can be achieved over a
radius smaller than the default range, R.

If, however, the selected radio transmitter is separated from the given tower by a
longitude-distance, Dlong, shorter than the maximum geographical-distance for the set of
neighbors, process 400 can calculate 450 a geographical-distance, D, from the given radio
transmitter to the selected radio transmitter. The geographical-distance, D, can be calculated

in accordance with EQs. 1-3.
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Process 400 can verify 455 whether the selected radio transmitter is separated from
the given tower by a geographical-distance, D, shorter than the maximum geographical-
distance for the set of neighbors, dMax. If the selected radio transmitter is separated from the
given tower by a geographical-distance, D, longer than the maximum geographical-distance
for the set of neighbors, dMax, the process 400 can loop back to select 420 the next radio
transmitter in the sorted latitude-bin.

If, however, the selected radio transmitter is separated from the given tower by a
geographical-distance, D, shorter than the maximum geographical-distance for the set of
neighbors, dMax, process 400 can verify 460 whether the maximum number of neighbors, N,
of the set of neighbors has been reached.

If the maximum number of neighbors, N, of the set of neighbors has not been
reached, i<N, then process 400 can increment 465 the neighbor counter by one, and can add
480 the selected radio transmitter to the set of neighbors. Finally, process 400 can loop back
to select 420 the next radio transmitter in the sorted latitude-bin.

If, however, the maximum number of neighbors, N, of the set of neighbors has been
reached, i=N, then process 400 can eliminate 475 from the set of neighbors the radio
transmitter separated from the given transmitter by the longest geographical distance, dMax,
corresponding to the maximum geographical-distance for the set of neighbors, dMax. Then,
process 400 can add 480 the selected radio transmitter to the set of neighbors. And once
again, process 400 can loop back to select 420 the next radio transmitter in the sorted
latitude-bin.

Aspects of processes 200A, 200B and 400 can be combined to generate a set of
neighbors associated with each cell tower that is known to be operational on Earth. FIG. 5A
shows an image 500A of a map including the location of twenty eight of such cell towers.
Latitude on Earth is measured from -90° (South Pole) to 0 (Equator) to +90° (North Pole).
Longitude on Earth is measured from 0° (Greenwich Meridian), going Eastward to +180°,
and going Westward to -180°. The +180° Meridian is one and the same as the -180°
Meridian, and is on the same diameter as the Greenwich Meridian. To simplify computations,
in this example, latitude coordinates have been shifted by 90°, such that the corresponding
Earth coordinates become 0° for the North Pole, 90° for the Equator, and +180° for the South

Pole. To further simplify computations, in this example, longitude coordinates have been
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shifted by 180°, such that the corresponding Earth coordinates become 180° for the
Greenwich Meridian, 0° and/or +360° for the Meridian that is on the same diameter as the
Greenwich Meridian. For example, the geo-spatial coordinates for Buenos Aires, Argentina,
are lat = - 34°, long=-61°. On the map image 500A, the geo-spatial coordinates
corresponding to Buenos Aires are lat=124°, long=241°.

FIG. 5B shows a table 500B-1 listing the unique ID (MCC.MNC.LAC.CELL) and the
geo-spatial coordinates (Lat, Long) of the 28 cell towers. A table 500B-2 lists a two-
dimensional pointer array, each element of the pointer being initialized by -1. The two-
dimensional pointer array is also included 4 columns of table 500B-1. For example, the
pointer array in columns “nextl up” and “prev] up” may be used to sort the cell towers in
FIG. 5A, similarly to using strings 202 and 204, respectively, to sort the radio transmitters in
FIG. 2B. Also for example, the pointer array in columns “next2 down” and “prev2 down”
may be used to sort the cell towers in FIG. 5A, similarly to using strings 206 and 208,
respectively, to sort the radio transmitters in FIG. 2D.

FIG. 5C shows a table 500C-1 including updated columns “next1 up”, “prevl up”,
“next2 down” and “prev2 down” to indicate the sorting of the 28 cell towers by longitude, for
cach of latitude-bins 124° and 124.5°. A table 500C-2 lists a updated two-dimensional
pointer array, reflecting 25 cell towers included in latitude-bin 124.0°, and 24 cell towers
included in latitude bin 124.5°. The latitude-bins 124° and 124.5° have 25 cell towers in
common.

FIG. 5D shows a table 500D-1 including updated columns “nextl up”, “prev] up”,
“next2 down” and “prev2 down” to indicate the sorting of the 28 cell towers by longitude-
distance, for each of latitude-bins 124° and 124.5°. Prior to sorting by longitude-distance, the
latitude-bins have been subject to closing loops. Closing loops involves tying together the
ends of the latitude-bin portions illustrated in the map image 500A. As illustrated in Table D-
2, the West-most longitude 241° (depicted in the map image 500A) becomes one and the
same with longitude 0°. This operation is equivalent to subtracting 241° from the longitude
of cach of the other 27 cell towers.

FIG. 5E shows a table 500E including a set of neighbors associated with each of the

28 cell towers. Table 500E extends to the right to include 20 columns corresponding to
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maximum 20 neighbors in each set of neighbors. However, for clarity, only the first 7 of 20
neighbors are shown in FIG. SE.

For example, table S00E illustrates that there are 20 neighboring cell towers in the set
of neighbors of cell tower 4. The closest neighbor of cell tower 4 is cell tower 7 at a distance
of 2.1 km. The second closest neighbor of cell tower 4 is cell tower 27 at a distance of 2.3
km. And so on, to the 20" closest neighbor (or the farthest neighbor), in the set of neighbors
of cell tower 4, which is located 21.7 km away (dMax = 21.7 km). In another example listed
in table 500E, there are 4 neighbors in the set of neighbors of cell tower 3. The closest
neighbor of cell tower 3 is cell tower 13 at a distance of 0.3 km. The second closest neighbor
of cell tower 3 is cell tower 18 at a distance of 2.4 km. The third closest neighbor of cell
tower 3 is cell tower 0 at a distance of 16.8 km. And the second closest (and last) neighbor of
cell tower 3 is cell tower 1 at a distance of 23.0 km. Each of the remaining 23 towers is
located at a geographical-distance longer than 50 km.

A multitude of computing devices may be used to implement the systems and
methods described in this document, as either a client or as a server or plurality of servers. A
computing device can be implemented in various forms of digital computers, such as laptops,
desktops, workstations, personal digital assistants, servers, blade servers, mainframes, and
other appropriate computers. Another computing device can be implemented in various
forms of mobile devices, such as personal digital assistants, cellular telephones, smartphones,
and other similar computing devices. Additionally, computing devices can include Universal
Serial Bus (USB) flash drives. The USB flash drives may store operating systems and other
applications. The USB flash drives can include input/output components, such as a wireless
transmitter or USB connector that may be inserted into a USB port of another computing
device. The components described here, their connections and relationships, and their
functions, are meant to be exemplary only, and are not meant to limit implementations of the
inventions described and/or claimed in this document.

A computing device can include a processor, memory, a storage device, a high-speed
interface connecting to memory and high-speed expansion ports. The computing device can
further include a low speed interface connecting to a low speed bus and a storage device.
Each of the above components can be interconnected using various busses, and may be

mounted on a common motherboard or in other manners as appropriate. The processor can
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process instructions for execution within the computing device, including instructions stored
in the memory or on the storage device to display graphical information for a GUI on an
external input/output device, such as a display coupled to high speed interface. In other
implementations, multiple processors and/or multiple buses may be used, as appropriate,
along with multiple memories and types of memory. Also, multiple computing devices may
be connected, with each device providing portions of the necessary operations (e.g., as a
server bank, a group of blade servers, or a multi-processor system).

The memory can store information within the computing device. In one
implementation, the memory can be a volatile memory unit or units. In another
implementation, the memory can be a non-volatile memory unit or units. The memory may
also be another form of computer-readable medium, such as a magnetic or optical disk.

The storage device can provide mass storage for the computing device. In one
implementation, the storage device may be or contain a computer-readable medium, such as
a floppy disk device, a hard disk device, an optical disk device, or a tape device, a flash
memory or other similar solid state memory device, or an array of devices, including devices
in a storage area network or other configurations. A computer program product can be
tangibly embodied in an information carrier. The computer program product may also
contain instructions that, when executed, perform one or more methods, such as those
described above. The information carrier is a computer- or machine-readable medium, such
as the memory, the storage device, or memory on processor.

The high speed controller can manage bandwidth-intensive operations for the
computing device, while the low speed controller can manage lower bandwidth-intensive
operations. Such allocation of functions is exemplary only. In one implementation, the high-
speed controller can be coupled to memory, to a display (e.g., through a graphics processor
or accelerator), and to high-speed expansion ports, which may accept various expansion
cards. In the implementation, low-speed controller can be coupled to the storage device and
the low-speed expansion port. The low-speed expansion port, which may include various
communication ports (e.g., USB, Bluetooth, Ethernet, wireless Ethernet) may be coupled to
one or more input/output devices, such as a keyboard, a pointing device, a scanner, or a

networking device such as a switch or router, ¢.g., through a network adapter.
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The computing device may be implemented in a number of different forms. For
example, it may be implemented as a standard server, or multiple times in a group of such
servers. It may also be implemented as part of a rack server system. In addition, it may be
implemented in a personal computer such as a laptop computer. Alternatively, components
from computing device may be combined with other components in a mobile device. Each of
such devices may contain one or more computing devices or mobile devices, and an entire
system may be made up of multiple computing devices and mobile devices communicating
with each other.

A mobile device can include a processor, memory, an input/output device such as a
display, a communication interface, and a transceiver, among other components. The mobile
device may also be provided with a storage device, such as a microdrive or other device, to
provide additional storage. Each of the above components is interconnected using various
buses, and several of the components may be mounted on a common motherboard or in other
manners as appropriate.

The processor can execute instructions within the mobile device, including
instructions stored in the memory. The processor of the mobile device may be implemented
as a chipset of chips that include separate and multiple analog and digital processors.
Additionally, the processor may be implemented using any of a number of architectures. For
example, the processor may be a CISC (Complex Instruction Set Computers) processor, a
RISC (Reduced Instruction Set Computer) processor, or a MISC (Minimal Instruction Set
Computer) processor. The processor may provide, for example, for coordination of the other
components of the mobile device, such as control of user interfaces, applications run by the
mobile device, and wireless communication by the mobile device.

The processor of the mobile device may communicate with a user through control
interface and display interface coupled to a display. The display may be, for example, a Thin-
Film-Transistor Liquid Crystal display or an Organic Light Emitting Diode display, or other
appropriate display technology. The display interface may comprise appropriate circuitry for
driving the display to present graphical and other information to a user. The control interface
may receive commands from a user and convert them for submission to the processor of the
mobile device. In addition, an external interface may provide in communication with

processor of the mobile device, so as to enable near area communication of the mobile device
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with other devices. The external interface may provide, for example, for wired
communication in some implementations, or for wireless communication in other
implementations, and multiple interfaces may also be used.

The memory stores information within the computing mobile device. The memory
can be implemented as one or more of a computer-readable medium or media, a volatile
memory unit or units, or a non-volatile memory unit or units. An expansion memory may
also be provided and connected to the mobile device through an expansion interface, which
may include, for example, a SIMM (Single In Line Memory Module) card interface. Such
expansion memory may provide extra storage space for the mobile device, or may also store
applications or other information for the mobile device. Specifically, expansion memory may
include instructions to carry out or supplement the processes described above, and may
include secure information also. Thus, for example, expansion memory may be provide as a
security module for the mobile device, and may be programmed with instructions that permit
secure use of device. In addition, secure applications may be provided via the SIMM cards,
along with additional information, such as placing identifying information on the SIMM card
in a non-hackable manner.

The memory may include, for example, flash memory and/or NVRAM memory, as
discussed below. In one implementation, a computer program product is tangibly embodied
in an information carrier. The computer program product contains instructions that, when
executed, perform one or more methods, such as those described above. The information
carrier is a computer- or machine-readable medium, such as the memory, expansion memory,
or memory on processor that may be received, for example, over transceiver or external
interface.

The mobile device may communicate wirelessly through communication interface,
which may include digital signal processing circuitry where necessary. Communication
interface may provide for communications under various modes or protocols, such as GSM
voice calls, SMS, EMS, or MMS messaging, CDMA, TDMA, PDC, WCDMA, CDMA2000,
or GPRS, among others. Such communication may occur, for example, through a radio-
frequency transceiver. In addition, short-range communication may occur, such as using a
Bluetooth, WiFi, or other such transceiver (not shown). In addition, GPS (Global Positioning

System) receiver module may provide additional navigation- and location-related wireless
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data to the mobile device, which may be used as appropriate by applications running on the
mobile device.

The mobile device may also communicate audibly using audio codec, which may
receive spoken information from a user and convert it to usable digital information. Audio
codec may likewise generate audible sound for a user, such as through a speaker, e.g., in a
handset of the mobile device. The sound may include sound from voice telephone calls, may
include recorded sound (e.g., voice messages, music files, etc.) and may also include sound
generated by applications operating on the mobile device.

The mobile computing device may be implemented in a number of different forms.
For example, it may be implemented as a cellular telephone. It may also be implemented as
part of a smartphone, personal digital assistant, or other similar mobile device.

Various implementations of the systems and techniques described here can be
realized in digital electronic circuitry, integrated circuitry, specially designed ASICs
(application specific integrated circuits), computer hardware, firmware, software, and/or
combinations thereof. These various implementations can include implementation in one or
more computer programs that are executable and/or interpretable on a programmable system
including at least one programmable processor, which may be special or general purpose,
coupled to receive data and instructions from, and to transmit data and instructions to, a
storage system, at least one input device, and at least one output device.

These computer programs (also known as programs, software, software applications
or code) include machine instructions for a programmable processor, and can be
implemented in a high-level procedural and/or object-oriented programming language, and/or
in assembly/machine language. As used herein, the terms “machine-readable medium”
“computer-readable medium” refers to any computer program product, apparatus and/or
device (e.g., magnetic discs, optical disks, memory, Programmable Logic Devices (PLDs))
used to provide machine instructions and/or data to a programmable processor, including a
machine-readable medium that receives machine instructions as a machine-readable signal.
The term “machine-readable signal” refers to any signal used to provide machine instructions
and/or data to a programmable processor.

To provide for interaction with a user, the systems and techniques described here can

be implemented on a computer having a display device (e.g., a CRT (cathode ray tube) or
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LCD (liquid crystal display) monitor) for displaying information to the user and a keyboard
and a pointing device (e.g., a mouse or a trackball) by which the user can provide input to the
computer. Other kinds of devices can be used to provide for interaction with a user as well;
for example, feedback provided to the user can be any form of sensory feedback (e.g., visual
feedback, auditory feedback, or tactile feedback); and input from the user can be received in
any form, including acoustic, speech, or tactile input.

The systems and techniques described here can be implemented in a computing
system that includes a back end component (e.g., as a data server), or that includes a
middleware component (e.g., an application server), or that includes a front end component
(e.g., a client computer having a graphical user interface or a Web browser through which a
user can interact with an implementation of the systems and techniques described here), or
any combination of such back end, middleware, or front end components. The components of
the system can be interconnected by any form or medium of digital data communication
(e.g., a communication network). Examples of communication networks include a local arca
network (“LAN”), a wide area network (“WAN”), peer-to-peer networks (having ad-hoc or
static members), grid computing infrastructures, and the Internet.

The computing system can include clients and servers. A client and server are
generally remote from each other and typically interact through a communication network.
The relationship of client and server arises by virtue of computer programs running on the
respective computers and having a client-server relationship to each other.

While this specification contains many specific implementation details, these should
not be construed as limitations on the scope of any inventions or of what may be claimed, but
rather as descriptions of features specific to particular implementations of particular
inventions. Certain features that are described in this specification in the context of separate
implementations can also be implemented in combination in a single implementation.
Conversely, various features that are described in the context of a single implementation can
also be implemented in multiple implementations separately or in any suitable
subcombination. Moreover, although features may be described above as acting in certain
combinations and even initially claimed as such, one or more features from a claimed
combination can in some cases be excised from the combination, and the claimed

combination may be directed to a subcombination or variation of a subcombination.
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Similarly, while operations are depicted in the drawings in a particular order, this
should not be understood as requiring that such operations be performed in the particular
order shown or in sequential order, or that all illustrated operations be performed, to achieve
desirable results. In certain circumstances, multitasking and parallel processing may be
advantageous. Moreover, the separation of various system components in the
implementations described above should not be understood as requiring such separation in all
implementations, and it should be understood that the described program components and
systems can generally be integrated together in a single software product or packaged into
multiple software products.

Thus, particular implementations of the subject matter have been described. Other
implementations are within the scope of the following claims. In some cases, the actions
recited in the claims can be performed in a different order and still achieve desirable results.
In addition, the processes depicted in the accompanying figures do not necessarily require the
particular order shown, or sequential order, to achieve desirable results. In certain
implementations, multitasking and parallel processing may be advantageous.

For example, given a set of geographically distributed assets of known latitude and
longitude, the processes and systems disclosed in this specification can be used for
identifying a set of neighbors of a specified asset. Examples of such geographically
distributed assets are water wells, oil rigs, etc. In some implementations, the geographical
coordinates of such assets may be recorded as waypoints associated with the assets.
Waypoints are sets of coordinates that identify a point in physical space. These coordinates
usually include longitude and latitude, and sometimes altitude.

What 1s claimed is:
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CLAIMS

1. A method performed by a server computer, the method comprising;:

receiving from a central source updates about geographically distributed radio
transmitters;

responsive to the received updates, generating an associated set of neighbors for each
of the geographically distributed radio transmitters, wherein the associated set of neighbors
of a radio transmitter includes up to a predetermined number of geographically-closest
neighboring radio transmitters of the radio transmitter, wherein each radio transmitter of the
associated set of neighbors of the radio transmitter is located up to a predetermined
geographical-distance away from the radio transmitter; and

upon request from a mobile device in communication with a given radio transmitter,
providing to the mobile device geo-spatial coordinates for each of a generated set of

neighbors associated with the given radio transmitter to facilitate location-based services
(LBS).
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2. The method of claim 1, wherein generating the associated set of neighbors for each of
the geographically distributed radio transmitters comprises:

receiving a data-set including geo-spatial coordinates for each of the geographically
distributed radio transmitters;

grouping the geographically distributed radio transmitters in latitude-bins, wherein
cach latitude-bin is centered on an associated latitude, has an identical latitude-angle range,
and overlaps half of a next latitude-bin to the North and half of a next latitude-bin to the
South; and

for each radio transmitter from each latitude-bin, generating a set of neighbors of a
radio transmitter from a latitude-bin, wherein the radio transmitter is also from another
latitude-bin, and each of the generated set of neighbors is from among radio transmitters,
located in either of the latitude-bin and the other latitude-bin, that are separated from the
radio transmitter by a longitude-distance shorter than the predetermined geographical-
distance, wherein the longitude-distance between a first and second radio transmitters is
measured, along a line of latitude of the latitude-bin, between a longitude line of the first

radio transmitter and a longitude line of the second radio transmitter.

3. The method of claim 2, wherein generating the set of neighbors of the radio
transmitter comprises:

sorting radio transmitters from the latitude-bin by longitude-distance to the radio
transmitter;

building the set of neighbors of the radio transmitter, wherein radio transmitters
included in the built set of neighbors are from the sorted latitude bin;

sorting radio transmitters in the other latitude-bin by longitude-distance to the radio
transmitter; and

updating the built set of neighbors, wherein the radio transmitters included in the
updated set of neighbors are either from the sorted latitude-bin or from the other sorted

latitude-bin.
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4. The method of claim 3, wherein building the set of neighbors of the radio transmitter
comprises:

selecting a next radio transmitter from the sorted latitude-bin;

responsive to a longitude-distance between the radio transmitter and the selected
radio transmitter being shorter than a maximum distance between the radio transmitter and
anyone of the set of neighbors, calculating a geographical distance between the selected radio
transmitter and the radio transmitter;

responsive to the calculated distance being shorter that the maximum distance, and to
the set of neighbors having fewer that a predetermined number of radio transmitters, adding
the selected radio transmitter to the set of neighbors;

responsive to the calculated distance being less that the maximum distance, and to the
set of neighbors having the predetermined number of radio transmitters, eliminating from the
set of neighbors a radio transmitter corresponding to the maximum distance prior to adding
the selected radio transmitter to the set of neighbors; and

responsive to the longitude-distance between the radio transmitter and the selected
radio transmitter being longer than the maximum distance, providing the set of neighbors for

the radio transmitter.

5. The method of claim 4, further comprising:
tagging the selected radio transmitter; and

skipping the selected radio transmitter upon identification of the tag.
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6. A computer storage medium encoded with a computer program, the program
comprising instructions that when executed by data processing apparatus cause the data
processing apparatus to perform operations comprising:

receiving from a central source updates about geographically distributed radio
transmitters; and

responsive to the received updates, generating an associated set of neighbors for each
of the geographically distributed radio transmitters, wherein the associated set of neighbors
of a radio transmitter includes up to a predetermined number of geographically-closest
neighboring radio transmitters of the radio transmitter, wherein each radio transmitter of the
associated set of neighbors of the radio transmitter is located up to a predetermined

geographical-distance away from the radio transmitter.

7. The computer storage medium of claim 6, wherein generating the associated set of
neighbors for each of the geographically distributed radio transmitters comprises:

receiving a data-set including geo-spatial coordinates for each of the geographically
distributed radio transmitters;

grouping the geographically distributed radio transmitters in latitude-bins, wherein
cach latitude-bin is centered on an associated latitude, has an identical latitude-angle range,
and overlaps half of a next latitude-bin to the North and half of a next latitude-bin to the
South; and

for each radio transmitter from each latitude-bin, generating a set of neighbors of a
radio transmitter from a latitude-bin, wherein the radio transmitter is also from another
latitude-bin, and each of the generated set of neighbors is from among radio transmitters,
located in either of the latitude-bin and the other latitude-bin, that are separated from the
radio transmitter by a longitude-distance shorter than the predetermined geographical-
distance, wherein the longitude-distance between a first and second radio transmitters is
measured, along a line of latitude of the latitude-bin, between a longitude line of the first

radio transmitter and a longitude line of the second radio transmitter.
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8. The computer storage medium of claim 7, wherein generating the set of neighbors of
the radio transmitter comprises:

sorting radio transmitters from the latitude-bin by longitude-distance to the radio
transmitter;

building the set of neighbors of the radio transmitter, wherein radio transmitters
included in the built set of neighbors are from the sorted latitude bin;

sorting radio transmitters in the other latitude-bin by longitude-distance to the radio
transmitter; and

updating the built set of neighbors, wherein the radio transmitters included in the
updated set of neighbors are either from the sorted latitude-bin or from the other sorted

latitude-bin.

9. The computer storage medium of claim 8§, wherein building the set of neighbors of
the radio transmitter comprises:

selecting a next radio transmitter from the sorted latitude-bin;

responsive to a longitude-distance between the radio transmitter and the selected
radio transmitter being shorter than a maximum distance between the radio transmitter and
anyone of the set of neighbors, calculating a geographical distance between the selected radio
transmitter and the radio transmitter;

responsive to the calculated distance being shorter that the maximum distance, and to
the set of neighbors having fewer that a predetermined number of radio transmitters, adding
the selected radio transmitter to the set of neighbors;

responsive to the calculated distance being less that the maximum distance, and to the
set of neighbors having the predetermined number of radio transmitters, eliminating from the
set of neighbors a radio transmitter corresponding to the maximum distance prior to adding
the selected radio transmitter to the set of neighbors; and

responsive to the longitude-distance between the radio transmitter and the selected
radio transmitter being longer than the maximum distance, providing the set of neighbors for

the radio transmitter.
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10.  The computer storage medium of claim 9, further comprising:
tagging the selected radio transmitter; and

skipping the selected radio transmitter upon identification of the tag.

11. A system comprising;:
a user device;
one or more computers operable to interact with the device;
a set of geographically distributed assets of known latitude and longitude; and
a specified geographic location, wherein
the one or more computers are further operable to provide to the user device a subset
of the set of assets, the subset comprising assets located within a predetermined radial-
distance from the specified location, wherein the one or more computers are configured to
perform operations comprising:
group assets from the set of geographically distributed assets in latitude-bins,
cach latitude-bin having a width equal to twice the predetermined radial-distance, and
overlapping half of a next-to-the-North latitude-bin and half of a next-to-the-South latitude-
bin;
sort the assets, in two latitude-bins containing the specified location, by
longitude-distance to the specified location;
for each sorted asset having the longitude-distance to the specified location
shorter than the predetermined radial-distance, calculate a geographical-distance to the
specified location; and
add to the subset an asset having the calculated geographical-distance to the

specified location shorter than the predetermined radial-distance.

12. The system of claim 11, wherein the one or more computers comprise a server
operable to interact with the device through a data communication network, and the device is

operable to interact with the server as a client.
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13.  The system of claim 12, wherein the device comprises a mobile telephone configured
to request from the server the subset of assets located within a predetermined radial-distance

from the specified location.

14.  The system of claim 11, wherein the one or more computers consist of one computer,
the device is a user interface device, and the one computer comprises the user interface

device.

15.  The system of claim 11, wherein the set of geographically distributed assets

comprises radio transmitters.

16.  The system of claim 15, wherein the radio transmitters comprise cell tower
transmitters.
17.  The system of claim 15, wherein the radio transmitters comprise one or more of

Wireless Fidelity (WiFi) and Worldwide Interoperability for Microwave Access (WiMAX)

transmitters.

18.  The system of claim 15, wherein the radio transmitters comprise cell tower

transmitters and one or more of WiFi and WiMAX transmitters.
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19. A system comprising;:
a user device;
one or more computers operable to interact with the device;
a set of geographically distributed radio transmitters of known latitude and longitude;
and
a specified geographic location, wherein
the one or more computers are further operable to provide to the device a subset of
the set of radio transmitters, the subset comprising up to a predetermined number of radio
transmitters located within a predetermined radial-distance from the specified location,
wherein the one or more computers are configured to perform operations comprising:
group radio transmitters from the set of geographically distributed radio
transmitters in latitude-bins, each latitude-bin having a width equal to twice the
predetermined radial-distance, and overlapping half of a next-to-the-North latitude-bin and
half of a next-to-the-South latitude-bin;
sort the radio transmitters, in two latitude-bins containing the specified
location, by longitude-distance to the specified location;
for each sorted radio transmitter having the longitude-distance to the specified
location shorter than a maximum distance for the subset, calculate a geographical-distance to
the specified location, wherein the maximum distance for the subset is equal to
the predetermined radial-distance, if the predetermined number of
radio transmitters has not been reached, and
a geographical-distance corresponding to an radio transmitter of the
subset that is located farthest from the specified location, if the predetermined number of
radio transmitters has been reached;
add to the subset, a radio transmitter having the calculated geographical-
distance shorter than the maximum distance for the subset; and
responsive to the predetermined number of radio transmitters having been
reached, remove from the subset the radio transmitter that is located farthest from the

specified location.
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20. A computer-implemented method for searching waypoints, the method comprising:

a) receiving a set of waypoints, cach waypoint having associated latitude and
longitude values;

b) ordering the received set of waypoints along lines of latitude, sorted by longitude
values;

¢) closing the lines of latitude by linking the highest and lowest longitude value
waypoints per latitude line;

d) examining each one of the set of waypoints starting at a reference waypoint on a
line of latitude and moving away from the reference waypoint through longitude values;

¢) during the examination, ascending and descending along the lines of latitude and
calculating a geographical-distance between the reference waypoint and an examined
neighboring waypoint;

f) stopping examination and providing a set of neighbors of the reference waypoint
when a last examined waypoint is closer than a next waypoint in latitude-distance, either
ascending or descending, wherein the set of neighbors comprises the examined waypoints;
and

g) repeating steps (d-f) for all of the set of waypoints along the lines of latitude, for all
the lines of latitude.

39



WO 2011/047054 PCT/US2010/052513

1/15

30-1 U —30-3

10 20 Bl 25
= = | |ao
e = 30-2
=—] = 30-3
= 30-4
/
~N—

FIG. 1

SUBSTITUTE SHEET (RULE 26)



WO 2011/047054 PCT/US2010/052513

2/15

200A

e

205 1 Receiving updates about geographically distributed radio
transmitters

\ 4
Responsive to the received updates,

generating an associated set of neighbors for each of the
geographically distributed radio transmitters, wherein

220 1 the associated set of neighbors of a radio transmitter

includes up to a predetermined number of geographically
closest neighboring radio transmitters of the radio
transmitter, wherein

each radio transmitter of the associated set of neighbors of
the radio transmitter is located up to a predetermined
geographical-distance away from the radio transmitter

\ 4

Upon request from a mobile device in communication with a
240 _< given radio transmitter,

providing to the mobile device geo-spatial coordinates for
each of a generated set of neighbors associated with the
given radio transmitter to facilitate Earth-based services

FIG. 2A

SUBSTITUTE SHEET (RULE 26)



WO 2011/047054 PCT/US2010/052513

3/15

200B

L

210 K Receiving a data-set including geo-spatial coordinates
for each of the geographically distributed radio
transmitters

A 4

Grouping the geographically distributed radio
transmitters in latitude-bins, wherein

222 “( each latitude-bin is centered on an associated latitude,

has an identical latitude range corresponding to twice
the predetermined geographical-distance, and overlaps
half of a next latitude-bin to the North and half of a next
latitude-bin to the South

224 L 4

Cycle through each latitude-bin

226 7\ 232 2

Cycle through each radio transmitter
included in a latitude-bin «—

l

Generating a set of neighbors of a radio transmitter from
the latitude-bin, wherein

230 1 the radio transmitter is also from another latitude-bin, and

each of the generated set of neighbors is from among
radio transmitters, located in either of the latitude-bin and
the other latitude-bin, that are separated from the radio
transmitter by a longitude-distance shorter than the
predetermined geographical-distance

FIG. 2B

SUBSTITUTE SHEET (RULE 26)



WO 2011/047054

4/15

PCT/US2010/052513

SOO\A;
48
O
© O
O oO o O
O D O@ O O
@ 475 O
o O
QN
3 O5 5% o 500 O
: 0173 0° 78 o
£ O o O
= O O ol
— 47 O O
O O 30-:30O
Co O oi e
O 30-2 O
© o
OO O
O
46.5
4.9 5.6 6.3 7
Longitude (degrees)
FIG. 3A

SUBSTITUTE SHEET (RULE 26)



WO 2011/047054 PCT/US2010/052513

5/15

300B

NG

48
@)
O

- o 20 S 6
O D OQ) O © 5

475 === == = === = — — = =

Latitude (degrees)
)@
C ﬂ
Q
o
o
(s
© o

N
N

4.9 5.6 6.3 7
Longitude (degrees)

FIG. 3B

SUBSTITUTE SHEET (RULE 26)




WO 2011/047054 PCT/US2010/052513

6/15

300C

48

47.5 320

Latitude (degrees)

— 310

Longitude (degrees)

FIG. 3C

SUBSTITUTE SHEET (RULE 26)



WO 2011/047054 PCT/US2010/052513

7115

300D

A8 R R R z

| :5 340
| s

308 @®
ﬁ) RC 306%) (&3

— 330

Latitude (degrees)
o
=
— e o oyl — —
_/

L —— —— ——
47
O O © 5
O O
o9 o O
o © 5 O
OO O
@)
46.5 ~
4.9 5.6 6.3 7
Longitude (degrees)
FIG. 3D

SUBSTITUTE SHEET (RULE 26)



WO 2011/047054 PCT/US2010/052513

8/15

340

— 330

Latitude (degrees)

46.5 ~
4.9 5.6 6.3 7

Longitude (degrees)

FIG. 3E

SUBSTITUTE SHEET (RULE 26)



WO 2011/047054 PCT/US2010/052513
9/15
30&
48
O
O 315
O O
© 38 "0 O
@,Qa/"" O, ®
g 47 5 "0':/ O O \\ “\‘
g o /0 5Oy O
> e Q o0 %
E :l O © \" © O
2= ; oL . O
S OQ"\ © Po
O 0 O
. \ O O /’,
OQ O O oG
O \\:\ D. —_— ‘/,-"' O
.............. OO o
@)
46.5 -
4.9 5.6 6.3 7
Longitude (degrees)

FIG. 3F

SUBSTITUTE SHEET (RULE 26)



PCT/US2010/052513

2 <>

Janiwsuel) olpel
uanlb Jo sioqybiau
JO 19S 9pIAOId

sJoqubiau Jo 189S
0] Ja)IWSUeR.] OIpel paJod|es ppyY

GEY

L 08y

L vy

Janiwsuen
olpeJ pajos|es be| S ocy

XBNP = g BuiAey Janiwisuel) olpel
sJjogybiau JO 18S WoJj 81euIWI|g

Gy

10/15

WO 2011/047054

GLY h

uig-spnyie|
PSLIOS Ul JojISU..)
OIpE. }XU }09|9S - 0zt

SUBSTITUTE SHEET (RULE 26)

| . Lot_Emcmb
05 S a 8e|nojen 0= Y ‘abue. N ‘sioqubiau oipeJ uaAlb 0}

‘sioqubiau Jo 1O 198 -
19S uI sioqybiau HNELSP O} ul sioqybiau Jo ooﬂmﬂw_w Mw:m__mCo_

@ 10 # 9ZI|eNIU| XBA\IP azijeniy] # XBW 9AI808Y —opnie| aAI928Y

ooy —~ L Ly L0y L gop



WO 2011/047054 PCT/US2010/052513
500A
125
-
3
GS; 124.5 O
) o o o dD o0 o
% 124 O
E
©
|
123.5
241 241.1 241.2 241.3 2414 241.5 241.6 241.7 241.8

Longitude (degrees)

FIG. 5A

SUBSTITUTE SHEET (RULE 26)




PCT/US2010/052513

WO 2011/047054

12/15

..... HE et Sttt s it Sttt et L7 Z2-9008 .

HHHﬂﬂuHHMHWHHHHWHHHWWWWH 4 g5 Ol4

..... ONIZITYILINI L-900S

..... oL SYE L g3y AveY ¥3INIOd G ¥

T e T T T g T U ONOTIY ONIGVOT Y3 L4Y AVHYY QHO03Y
b b b e e 00008 b b b b Z800008YLYZ L/890MSTYZL  L9EGZEQ0S 0L OLE
- bbb e b 00008 b b b b 9986897GLT  88YORIZTYZL  L09GZE90S 0LV OLE
- bbb 00008 b b b b S97Z9GLYLYT LPL0Z96TYZL  S9STE90S 0L OLE
- bbb 00008 b b b b LBLOOLLILET  CSI9VEETYZL  Z0GT'E90S 0L 0LE
- b b e 00008 b b b b ZSBLVISIYT  ZIOVZE9TYZL  Z9GTE90S 0L 0LE
- bbb el 00008 b b b b 99179998LT  0S2ZI90EYZL  L8STE90S 0L 0LE
- b b e e 00008 b b b - 6796SGL9'LYE  ETYZYOLTYTL  9YSTE90S 0L OLE
b b b 00008 b b b b 9908//0L'LbT  9780829T%ZL  SYSZE90SOLYOLE
- b b e 00008 b b b b [Zi08029'WT BLBBLISTYZL  LYSTEI0SOLYOLE
- b b b e e 00008 b b b b €Z9VBISILE 00BEBIETHZL  G0SZEQ0SOLYOLE
- bbb 00008 b b b b OPMWZB0LLET  SOLLZSETYTL  90GZE90S 0L 0LE
- b b e 00008 b b b b pODESYBSLYZ  LBEZZGLTYZL  S8GTE90S 0L OLE
- b b e 00008 b b b b 0TLLIZOSLET ZEYSEOVTYZL 9857905 0L 0LE
- b b e 00008 b b b b OIBBEGIGLYE  €0/8SBLTFZL  €8GZE90SOLYOLE
- bbb 00008 b b b b eY9UZ8TLLYE €I6ZIZSTVTL LOGZE90S 0Ly OLE
- b bbb 00008 b b b b 0BL0SZYOLET  9LULPBSOVZL  1Z2hh A0S 0Ly OLE
- b b el 00008 b b b b ZEEL090LLET  LLOLIFGTYZL  18SZE905 0Ly 0LE
- b bbb 00008 b b b b 9YB0BSSSLYT  BSEETITTYTL  CEOVL'E90S 0LV OLE
- bbb 00008 b b b b ISSLITOLWT  ISIE0PYEZL  GLEE90S 0L OLE
- bbb e 00008 b b b b p0Z98SOVLYT  6ST0€ZSTYZL  LIOVT90S 0LV OLE
- b b el 00008 b b b b GRBSEISYLVE  BO/OVIITYZL  L9GZZ90S 0L OLE
- b b b el 00008 b b b b EEEL/BEVLYE vIL08GIZTYZL 98117908 0L 0LE
- b b e 00008 b b b b SB9MESOVLYZ  96796G0T7ZL  LTGETI0S 0L OLE
- b b e 00008 b b b b SRISZO8YLET  00908LLZYZL  £0GHZ90S 0LV OLE
- b bbb 00008 b b b b 860ISSIOLYT  bISOSKOZYZL  1STHTL90S 0L 0LE
- b bbb 00008 b b b b SSIGIOSYLET  BE006BELYZL  9€8ELT90S 0L 0LE
- bbb 00008 b b b b CeYS7SSTLYT LE9BSOVLYZL S0V L90S 0L OLE
- b bbb 00008 b bbb IBZZE8VIYT  6Z08997LYZL S68SZLI0S 0LV OLE

NMOO NMOO dn dn
DN 991AN SOIAN YOIEN €OIAN ZOIAN LOIEN ‘1SI ZAJdd ZLXAN IARMd LLXAN  ONOT 11 al

O~ N < WO W0 O

)
=

SUBSTITUTE SHEET (RULE 26)



PCT/US2010/052513

WO 2011/047054

13/15

I- I

||||| AR (N Y S AR Y QN N QU S £ 2

||||| g g g g gy

..... 0%

Fu

T T YT YT Y YT Y YT YT YT YT Y YT YT YT YT YT YT YT YT YT YT YT YT YT YT v
1

LOIAN 991AN GOIAN ¥OIAN €OIAN ¢OIAN IOIAN 'ISIA ¢AFdd ¢LXIN IAFHd JLX3AN

T T Y YT Y YT YT YT YT YT Y Y YT YT Y YT YT YT YT YT YT YT YT YT YT YT YT v

e

T T Y YT Y YT YT YT YT YT Y Y YT YT Y YT YT YT YT YT YT YT YT YT YT YT YT v

10 1 ONOTUVT
- Fl Fl

1

T T YT YT YT YT Y YT YT YT YT Y YT YT YT YT YT YT YT YT YT YT YT YT YT YT v
1

T T YT YT YT YT Y YT YT YT YT Y YT YT YT YT YT YT YT YT YT YT YT YT YT YT v
1

T T Y YT Y YT YT YT YT YT Y Y YT YT Y YT YT YT YT YT YT YT YT YT YT YT YT v

00009
00009
00009
00009
00009
00009
00009
00009
00009
00009
00009
00009
00009
00009
00009
00009
00009
00009
00009
00009
00009
00009
00009
00009
00009
00009
00009
00009

-0009
V\.N 200

ONILY3SNI
314V AVHaY 431NIOd a-¢

A L)
€l I
6¢ Gy
LC ¢
Iy €¢
19 6}
¢ 6¢
L} Ly
6¢ 19
I LC
6v A
60 ey
¢ GG
ey 6¢
JAY 6v
8ve- €0
Ly Gl
€9 JAY
Gy b=
GG |y
€¢ 60
W €9
L0 €l
Gl £e
40 b
10 L0
¢ 10
€0 40
NMOd NMOd

0
dn

QG Old

¢809008% 1 v¢
9986€9¢4 "1 v¢
$9229GLY Lve
161091L1L°1vC
¢968.LYLG1ve
9912999G°}¥¢
62969519'1v¢
9908.L0LV¥¢
£21080C9'1¥¢
€291619L1v¢C
Ov1¥280L1ve
790€5¥65 | vC
02111299 1¥¢
9166€G9.51¥C
€v9.¢8¢L1vC
0810€CY9'LYC
¢€e1090L1v¢e
9608899 ¥¢
18811129\ vC
7029899 1 v¢
$86GELSY L VC
€eeLL8EY 1YC
$691£997"1ve
$81G208Y'1ve
86015510'1v¢
€ELG19eY Ive
SNl 4
7.6¢CC81 1ve

ONO1

1-0009
V\l
QIO NIONILHASNI 314V AvddY 04003
L18901G¢vCl  19€GC€909 0Ly 0LE
88¥981¢¢'vcl  10992°€909°0Ly°0LE
IWwl0¢96¢ el G99¢°€909° 0Ly 0LE
€ELOVYECYCL  ¢0GC€909 0Ly 0LE
CLOvCe9c el ¢84C€909 0Ly 0LE
0€CClo0E el 189C°€9090LY0LE
eerevaLeyel  9vac €909 0Ly 0le
9¢808¢9cvcl  GvSC€909 0Ly 0L
8168.18¢C'VCl  L¥GC€909° 0Ly 0LE
006€8LECYCL  G0GC€909° 0Ly 0LE
G9LL25ECvCl  909¢°€909 0Ly 0LE
16ECCaLEYC)  G8GCE90G 0Ly 0LE
cevaeaveyel  989¢°€9090Ly0LE
€0/856L¢vCl  €89C°€909 0Ly 0LE
€L6¢LceCvcl  10G92€909 0Ly 0LE
vIy8s0vel 1echl¥909 0Ly 0LE
LWOLIWWOC YL 18G2°€909°0Ly0LE
69EECLTCYCL  €E9YL€90G 0Ly 0LE
1GLEQOVY Vel GLV'E€90G 0Ly 0LE
6GC0€¢qcvcl  LL0v'C90G 0Ly 0LE
69.9vLLCvCl  199¢°C90G 0Ly 0LE
vLL08GLC vl 98128790901y 0LE
96¢9650¢' ¢l 1¥29€ 905 0Ly 0LE
00908LL¢vCl  €6091°C90G° 0Ly 0LE
7160S¥0C ¥l LGy 190G 0Ly 0LE
6£006661 ¢l 9¢8€1°C90G 0Ly 0LE
169649y ¢l GEOV 190G 0Ly 0LE
6¢0€99vL v¢l G689 190G 0Ly 0LE
1Y1 ai

O~ ANMO<ITLOOM~ROO

o
=

SUBSTITUTE SHEET (RULE 26)



PCT/US2010/052513

WO 2011/047054

14/15

..... R Sy o it Eat il 1 2-a00s .

HHHHHﬁwHHﬁHHHﬁwwHﬁHHWWHﬁHmwwH - as ol

..... SdO0TONISOT) L-A00S

..... slopab L SYE L 31y Aviiv ¥3INIOd 0T e

TR 1T G S o R & ¢ k25 V[0 A SAOOT ONISOT ¥ILAY AVHHY Q4003
- b b b= b 00008 K Zb 0§ 9L Z809008Y'LvT  L/890MSTHTL  L9ESTEI0SOLYOLE
- b bbb 00008 € bz gh 07 9986897S'LvT  88v98IZZ WL L09SZ'E90SOLYOLE
- b bbb b- 00005 6 SY 86 b SOZC9SLY VT LPIOZ96TEEL  S9STE90SO0LYOLE
- b bbb 00008 2 S& 92 e LBLOOLLLLYT  ESLOVETVZL  20STE90S 0LV 0LE
- b bbb 00008 W €2 O 2z ISBRLVISIWT  ZIOWTE9TVTl  78STE90S 0LV OLE
- b b bbb 00008 1S 6L 0S8 9917999S'Lvg  0STZIO0CTZL  [8STE90S 0LV OLE
- b b b b= 1. 00005 €6 62 € 87 6796SSMO'LVT STvIYOLIVIL  9YSTE90SOLYOLE
- b bbb 00008 b b 9 9 9908//0L°LbT 928082927l SYSTE90SOLYOLE
- b bbbl 0000 62 WS 82 0S /zL080T9'LvT 868L18T¥TL  LYSTE90SOLYOLE
- b b bbb 00008 bz Lz 0z 92 SZ9VBISLLYT  00BEBIETTZL  S0GZ'E90SOLYOLE
- b bbbl 00005 67 M€ 87 0F OWIWZB0LLWT  SOLLZSETVTL  90GZE90S 0L OLE
- b b b b=l 00005 60 € 80 ¥ VO0SSES'LYT  16EZISLTVTL  S8STE90SOLYOLE
- b bbb b 00008 €SS ¥E S O0TLLLZOSVT  ZEYSEOVTETL  98G7€90S 0LV OLE
- b b b b=l 00005 €7 66 or 86 OIBSSISIVT  £0/8S6LTWTL  £8GTE90SOLYOLE
- b b b= b- 00008 € 6F 98 b €¥0/78TLIT  EI6TITETVTL  MOSZTEI0SOLYOLE
- b bbbl 00005 6 €0 8 20 O0BLOSTYYLYT OMWLYBSOVZL 12Tk PO0S 0L OLE
- b b bbb 00008 b Sb 9% b ZEEM0S0LLVT  MLOMIITEEZL  18STE90S 0LV 0LE
- b b bbb 00005 €S L& 7§ 9 OYBOBSSSIYT  6SEETLTTVTL  €E9VL'E90S 0L OLE
- b bbb b 00008 S ST Wb ¥g LSSLLLTOMT  SIE0PYEZL  SLPE90SOLYOLE
- b bbb b 00008 S W ¥S OF  vOZ98SOVLVT  6SC0SZSTVEL  LLOVTI0SOLYOLE
- b b b b= l- 00005 €2 60 2z 80 S86SEISYLVT  69L9VLITVTL  L9GTTI0SOLYOLE
- b bbb 00008 L €S 0L 76 €SELI8SVIVT  vIL08SMTWTL  98LIETI0S 0L OLE
- b b bbb 00005 0 € 90 7l SBOLESOVIVT  96796S0C7CL  LHTSETI0S 0Ly OLE
- b b bbb 00005 S €8 vl 76 S8ISZ08YLYT  00908L.ZWTL  €S0GLT90S 0LV OLE
- b b bbb 00005 S0 b B0 0L 860LSSIO'LYT  ISOSWOZYZL  I1STHTL90G 0L 0LE
- b bbb b 00005 W0 L0 00 90 SSISIOSYLYT  6E00BBELTZL  9E8ELT0S 0L OLE
- b b bbb 00005 S2 W0 2 00 SSYSZSSTIVT  LE9SOVLFZL  SE0PL90SOLYOLE
- b b bbb 00005 €0 SO 20 Y0 VI6TZESLLIVT  620S99VLYTL  S68GZLO0SOLYOLE

NMOG NMOQd dn  dn
[9AN 991AN SOIAN ¥OIAN €91AN Z9IAN LOIAN 'ISI0 ZAFYd ZLXAN IAT¥d LLXAN  ONOT Y1 al

O~ ANMO<ITLOOM~ROO

o
=

SUBSTITUTE SHEET (RULE 26)



35 "Old

PCT/US2010/052513

WO 2011/047054

15/15

3009
V\.
NOILYINITYO dOGHOIAN dI L4V AVHEY Q4003
GO¥S0/9  L9€50/9¢ L6160/ 9€060/GC L80E0/L 90€C0/y 9LELO/8  0Evle 1€ L) 06 91 2809008 Ivc L/8901GC YL 19EGCEI0G 0Ly 0LE
16690/  82G90/8 01¥90/€C €0690/G L9€S0/LC €9EV0/SL Lv0OE0/0) ¥EELL €l \lc ¢l 0C 9986€9¢S'L¥C 88¥98LcCvCl 109GC€90G 0Ly 0LE
10960/9¢ v8E60/vL €9¥80/CC 9E0S0/LC vO6¥0/8 GCCe0/L 9vLcOly  ¥6vic 6 Gy 8€  ¥b G9CC9SLY'IVC 1¥L0C96CYCL G9GCEI0G 0Ly 0LE
L000}/1C 68860/61 8CLE0/8L LECEO/LL LLLE0/OC 6VGLO/EL €CE00/LL 0€6CC LT e 9¢  vE L6L0SLLLWWE €ELOVVEC YTl  20GCE90G 0Ly 0LE
8e8y0/cc L11v0/6) 89¢v0/0L 8EO¥O/LC GSCCO/9L vClc0isl 8L8LOMVL  vasvl LY £¢ Oy CC C968LY.G\WC CLOVCEIC YTl €8SGCEI0G 0Ly 0LE
£9¥80/GC 06990/5)1 18990/61 G69S0/LC 8C8YO/EC £6Cv0/9L 090S0/vL 886G LG 6} 09 8l 99129999 Ive 0€CCLI0E Vel L8GCE30G 0Ly 0LE
€LGL0/0) 1/8G0/51 G6GS0/CC 8E0V0/EC €CLEOvL Lv6LO/9L G9L00/61 0C6S) €€ 6 ¢€ 8T 6¢965GL9'L¥C €evevaL el 9¥GCe90G 0Ly 0LE
¥€980/1C £6¢80/61 1€€S0/81 ¢¥BE0/EL LLLEQVC ¢90E0/LL 81200/ LILEC LI Ly 91 9y 9908LL0L°V¥C 97808C9CYCL G¥GCEI0G 0LV OLE
66080711 90990/51 18950/2C LLLv0/IEC €6L¥0/vL 0€GC0/91 G9200/LC €€991  6C & 8¢ 09 Lcl080CY'L¥C 8168L18C¥CL LySC€90G 0Ly 0LE
G0cEl/6) 09950711 1€€S0/0C GvOPO/LL 8CLEQWC ¥EVCO/E ¢BLCO/EL €9¥9C 1L L 00 9T €eolelSL'lve 006€81ECyCl GOGCEI0G 0Ly OLE
16960/L¢ 6.960/61 SG¥0¥0/81 vICE0/Ll ¢90€0/0¢ 69810/€L ¢CE00/ve 9E9CC  6F e 8y 0 OWIWCBOL'\YC GOLLCSECYCL 90GC€905 0Ly 0LE
¢L290/01L 96¢¥0/SL €6¢v0/ZC 0€9¢0/61 GS¢C0iEe Lv6L0/LE 6¢8L0/vL  €6¢S) 60 gy 80  ¢¥ ¥O0SSveSIve 16ECCSLC el  G8GCE90G 0Ly 0LE
06590/¢C 1/850/L¢ €9Ev0/9¢ 962¥0/9L L18E0/L €2CC0/0L velc0/ee €6.E) G G& v ¥9 0CLLL29S\ve CEveeore el 98GC€90G 0Ly 0LE
0¢090/01 €61¥0/61 118€0/SL €2LE0/LC 090€0/CC 6C810/91L 818L0/ET 620G) €V 66 CF  8C 9166ES.SIYC €0/896.C1Cl €8GCE€I0G 0Ly 0LE
cieLLiel 6¥0v0/L) ¢¥8E0/0C ¢8LC0/8L 69810/LL 6YSLO0FC 19200/  EVEVC  LE 6y 9 8y E¥OLIBCLIVC €L16¢LCETel 10GCE305 0Ly 0LE
Glecasl LLLVe/8L 880L¢/9¢ 9v60c/el 8690T/ve 0690T/LL ¥620C/0L 9v08C 6l €0 8L <0 08L0€cy9I¥C 9LviyBS0YClL LCCh)l 790G 0Ly 0LE
6v¥80/1C 66080/6) 04G9G0/81 6¥0¥0/CL LECEOWC vICE0/LL 81200/0C E¥6TC Ly Gl ov vl CEEl090LV v LI9LIPICTCL  18GCE90G 0L 0LE
0€LL0/LZ €LGL0/\C €L290/91 02090y 89Cr0/EC Lv0E0/9C €2¢c0/Sl  G6Cyl €9 L& 75 9€ 9¥6088SGIYC 6SEECLCC YTl €91 €30S 0Ly 0LE
9160¢/1)L GCE0c/e 19981/91 €9S8LivL 86C8L/LC 6911161 886G1/CC 9909C G GC v VO LESLLLT9VWC LSLEQOVYYCL  GLY'E90S 0Ly 0LE
Ov¥90/C  ¥G150/G  vO6Y0/SC 99/¥0/9  ¢vacOy  LLEc0iL  9LEV0/Le ¢0LcC  SS W & OF ¥0C98S9YIvC 6GC0ECSC el LL0V'2905 0Ly 0LE
96180/C CCELO/S €¢I0/9  GCCe0/SC L80E0/LC 1LCcOi8 LILc0ly  18¥EC €T 60 ¢C 80 G86SELSYIVC 69.9¥LLCVClL L9GCTI0S 0Ly 0LE
80180/9¢ 60€L0/v €CvI0/L GOVSO/LC 99.¥0/8 189C0/S  G8LL0/IC  LaCSe L) €6 0L ¢S €ECL8EYIVC vLL08SLC YTl 981L€°C9050LY 0LE
\SyL0y  2CELO/L  €0690/9C L6LS0/LC ¥G1G0/8  ¢LLc0/C 18920/9  8LiEC L0 €l 90 ¢l G691ES9VI¥C 9609650CYCl L¥CGECI0G 0Ly 0LE
1GvL0/G  60€L0/9 16690/9¢ 9¥.¢0/SC ¢vGc0/8  90€¢0/LC LILC0/L  €ELIT Gl €€ vl ¢ G8LSC08Y'L¥C 00908LLC¥Cl €€0G)1C90G 0Ly 0LE
l- I- - 920€¢/l 16910 vEVCO/8L 19200/€L 00006 SO 1 ¥0 0L 8601S6L0°L¥C ¥LG0SPOTYCL 15T 190601y 0LE
¢L680y  CL980/9C 96180/L ¥8690/LC Ov¥90/8 <CLLC0/S G8LLO/Q  96€SC 1O 10 00 90 ¢cCIGl9ey'IyC 6£00666) ¥l 9E8ELCI0G 0LV OLE
¢veeelL  9c0ec/e  20Lcais  ¥ov0e/s 16S8LIO  ¢OLLLZ 1¥990/0 0000 G¢C 0 v¢ 00 €Evecsseive 1€9699vLvel  GE0¥ 190G 0Ly 0LE
0v88C/L 6898¢/8 GE8IT/S 88LYC/9 C90vC/C 1GL9L/E 1¥390/L 00006 €0 G0 20  ¥0 ¥.6CCE8L LY 620E99YL vel G68GC 190G 0Ly 0LE
NMOd NMOd dn dN
LOAN  9913N  GOIEAN  ¥OIEAN  €O91IAN  ZOIAN  IDIAN  1SIQ ZAJdd ZLX3N LAJHd LIX3IN  ONOT 11 al

O O~ N <L WO M~ oD

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2010/052513

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO4W48/16 GO6F17/30
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HOAW HO4L HOAM HO4Q GO8G GO6F

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal, WPI Data, IBM-TDB

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 2004/198386 Al (DUPRAY DENNIS J [US]) 1-19
7 October 2004 (2004-10-07)
page 4, paragraph 63 - page 62, paragraph

700

Y PERUSCO L ET AL: "Humancentric 1-20
Applications of Precise Location Based
Services",

12 October 2005 (2005-10-12), E-BUSINESS
ENGINEERING, 2005. ICEBE 2005. IEEE
INTERNATIONAL CONFERENC E ON BEIJING,
CHINA 12-18 OCT. 2005, PISCATAWAY,
NJ,IEEE, US, PAGE(S) 409 - 418,
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cited to understand the principle or theory underlying the
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BoxNo.ll  Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. |:| Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. Izl Claims Nos.: 20(par‘t1a1 ],V)

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

see FURTHER INFORMATION sheet PCT/ISA/210

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

—_

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. |:| As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

|:| No protest accompanied the payment of additional search fees.
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

Continuation of Box II.2

Claims Nos.: 20(partially)

The subject-matter of independent claim 20 is broad to the point of being
obscure as to the context of the subject-matter therein. With no further
details in the application, claim 20 could refer to a route navigation
method (in which case it would be non-unitary to the inventive concept of
the application, that being of identifying geo-spatially distributed
radio transmitters). If it indeed has something to do with identifying
geo-spatially distributed radio transmitters, the claim would not be
novel due to its broadness. In any case, this claim is considered by the
examiner as not providing the possibility for a meaningful search.

The applicant's attention is drawn to the fact that claims relating to
inventions in respect of which no international search report has been
established need not be the subject of an international preliminary
examination (Rule 66.1(e) PCT). The applicant is advised that the EPO
policy when acting as an International Preliminary Examining Authority is
normally not to carry out a preliminary examination on matter which has
not been searched. This is the case irrespective of whether or not the
claims are amended following receipt of the search report or during any
Chapter II procedure. If the application proceeds into the regional phase
before the EPO, the applicant is reminded that a search may be carried
out during examination before the EPO (see EPO Guideline C-VI, 8.2),
should the problems which led to the Article 17(2) declaration be
overcome.
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