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IDENTIFYING NEGHBORS OF 
GEOGRAPHICALLY DISTRIBUTED ASSETS 

BACKGROUND 

0001. This specification relates to identifying neighbors of 
geo-spatially distributed radio transmitters, for example, cell 
towers in mobile telecommunications network. 
0002 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 infor 
mation 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. 
0003) To satisfy increased demand for an ever-growing 
number of Subscribers who demand and use increasing com 
munication 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 trans 
mitters. Some other of the newly deployed radio transmitters 
can be installed in Sub-urban or rural areas that have a sparse 
density of radio transmitters, or no radio transmitters at all. 
While the addition of new radio transmitters is usually preva 
lent, 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 renew 
ing contractual agreements with owners of the respective 
radio transmitter locations cannot be achieved. The addition 
or removal of radio transmitters anywhere around the world 
can be reported to the above-mentioned international-gov 
erned data repository. Thus, the record—containing informa 
tion relating to the geo-spatial (latitude and longitude) coor 
dinates 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. 
0004 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 trian 
gulating the instant position of the cellphone. Moreover, the 
cellphone can continue to track its instant location for as long 
as the cellphone 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 

0005. 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. 
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0006. In general, one innovative aspect of the subject mat 
ter described in this specification can be implemented in 
methods that include the actions of receiving from a central 
Source updates about geographically distributed radio trans 
mitters. 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 asso 
ciated 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 communi 
cation 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). 
0007 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 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-binto the South. For each radio transmitter from 
each 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 transmit 
ters 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. 
0008 Generating the set of neighbors of the radio trans 
mitter 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 latitudebin. Radio transmitters in the otherlatitude-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. 

0009 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 transmit 
terand 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 prede 
termined 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 maxi 
mum 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 
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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 maximum 
distance, providing the set of neighbors for the radio trans 
mitter. The selected radio transmitter can be tagged, and later 
skipped upon identification of the tag. 
0010. 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 distrib 
uted 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 predeter 
mined 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 lati 
tude-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 lon 
gitude-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 com 
puters can calculate a geographical-distance to the specified 
location, and can add to the Subset an asset having the calcu 
lated geographical-distance to the specified location shorter 
than the predetermined radial-distance. 
0011. 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 calcu 
late a geographical-distance to the specified location. The 
maximum distance for the Subset is equal to the predeter 
mined radial-distance, if the predetermined number of assets 
has not been reached. And a geographical-distance corre 
sponding 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. 
0012. The one or more computers can include a server 
operable to interact with the device through a data commu 
nication 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 server the subset of 
assets located within a predetermined radial-distance from 
the specified location. Furthermore, the one or more comput 
ers can be one computer, the device is a user interface device, 
and the one computer contains the user interface device. 
0013 Additionally, the set of geographically distributed 
assets can include radio transmitters. The radio transmitters 
include cell tower transmitters. Alternatively, the radio trans 
mitters 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. 

May 15, 2014 

0014. 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 lon 
gitude 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. Dur 
ing the examination, (e) ascending and descending along the 
lines of latitude and calculating a geographical-distance 
between the reference waypoint and an examined neighbor 
ing 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. 
00.15 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 dis 
tributed radio transmitters by replacing calculations per 
formed in two dimensions (2D) with calculations performed 
in one dimension (1D). For example, while the 2D distance 
calculations involve computationally intensive multiplica 
tions and square root operations, the 1D distance calculations 
involve computationally less intensive operations, such as 
sorting and grouping of arrays, followed by addition opera 
tions. 

0016 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 worldwide 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 speci 
fication can be applied to, and can scale efficiently for, either 
of the foregoing and/or other radio-based communication 
networks. 

0017. 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 cus 
tomized to have a desired size (in terms of number of neigh 
bors and/or radial range). The provided set of radio transmit 
ters can be further customized to include radio transmitters of 
a specific type, and/or radio transmitters that belong to spe 
cific network carriers, and/or other possible grouping criteria. 
0018. 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. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

0019 FIG. 1 shows an example system including a com 
puting device for providing location-based services to mobile 
devices in communication with the computing device. 
0020 FIG. 2A shows a flow chart of an example process 
for generating and distributing neighbor information for geo 
spatially distributed radio transmitters. 
0021 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. 
0022 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. 
0023 FIG. 4 shows a flow chart of an example process for 
generating a set of neighbors for a radio transmitter. 
0024 FIGS. 5A-5E show aspects of an example imple 
mentation of a process for generating neighbor information 
for given geo-spatially distributed radio transmitters. 
0025. Like reference numbers and designations in the 
various drawings indicate like elements. 

DETAILED DESCRIPTION 

0026. Processes and systems are disclosed for generating 
an associated set of neighbors for each of geographically 
distributed radio transmitters. These processes can be imple 
mented at a computing device for generating sets of neighbors 
for each of geographically distributed radio transmitters. 
0027. The processes and systems disclosed in this speci 
fication can be implemented as part of internet-based ser 
vices, also known as cloud services, such as, for example, the 
MOBILE ME(R) service (available from Apple, of Cupertino, 
Calif.), for facilitating location-based services (LBS). 
0028 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 Inter 
net. 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. 
0029. In some implementations, the radio-based commu 
nication network can be a cellphone network. In such imple 
mentations, mobile device 40 may be, for example, a Smart 
phone 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 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 
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(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. 
0030. In other implementations, the radio-based commu 
nication 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 Micro 
wave 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 coor 
dinates associated with radio-transmitters operating around 
the world. 

0031. 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 (re 
quested) by the computing device 10 from the data server 20. 
0032. 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 10 can generate a set of nearest neighbors associated 
with each radio transmitter in the updated record 25 as dis 
closed 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 transmit 
ters 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, 
(lat1, long1) and (lat2, long2), of the first and the second radio 
transmitters, respectively, in accordance with EQS. 1-3: 

D(1,2) = VD, 1, 2) + D.(1,2) EQ. 1 
- lar. -- EQ. 2 Da (1,2) = REarthsin (lat - latz) 18 o 

Dong (1,2) = REarth sin(long, long.), sin(lat, () EQ. 3 
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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 sec 
ond 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 alongitude 
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 110km (approxi 
mately) at the Equator, and dlong 0 at the poles. At 47 
latitude, dlong 80 km (approximately). 
0033. 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 com 
puting 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. 
0034. 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 
lookup 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 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 esti 
mate a relative proximity of the smartphone 40 to the identi 
fied 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 neigh 
bors). 
0035. 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, e.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. 
0036 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 Smart 
phone's instant location via the triangulation technique 
described above, based on the instant three closest cell tow 
ers, 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 expen 
sive in terms of power consumption, it can be a great benefit 
for the Smartphone 40 to continue determining its geographi 
cal location, while traveling over the predetermined distance, 
without having to request further updates from the cloud 
Service 10. 
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0037. An example of a process 200A for generating and 
distributing neighbor information for geo-spatially distrib 
uted 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 refer 
ence to FIG. 1. 
0038. 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 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. 
0039. After receiving the updates, process 200A can con 
tinue 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 neigh 
bors 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. 
0040. Upon request from a mobile device in communica 
tion 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 loca 
tion-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. 
0041 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 geo 
graphically distributed radio transmitters, as part of process 
200A described above in reference to FIG. 2A. 
0042. 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. 
0043 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 repre 
sents 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 geo 
graphical-distance. For example, if the predetermined dis 
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tance 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. Simi 
larly, another next latitude-bin is shifted South-bound from 
the current latitude-bin by half the latitude-range, corre 
sponding to a distance-shift equal to the predetermined geo 
graphical-distance. For latitude-bin 47 that is centered on 
parallel (latitude line) 47° and that has a latitude-range (lati 
tude-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 lati 
tude-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. 

0044 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 lati 
tude-bin. 

0045 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 oflatitude-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 oflatitude-bin 47, then the radio transmitter is 
also located in (the Northern-half of) latitude-bin 46.5°. 
0046. Further, to speed up generating 230 the set of neigh 
bors of the radio transmitter, only 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 geographi 
cal-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 predeter 
mined geographical-distance of 50 km corresponds to a lon 
gitude-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 geo 
graphical-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. 

May 15, 2014 

0047. 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-dis 
tance 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. 
0048 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 longi 
tude-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 each 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 in the sorted latitude bin that are separated from the 
radio transmitter by a longitude-distance shorter than the 
predetermined geographical-distance. 
0049 Process 200B may include, as part of generating 230 
the set of neighbors of the radio transmitter, another interme 
diate 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 transmit 
ter. 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 predeter 
mined geographical-distance. 
0050 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. 

0051 FIG.3A shows an image 300A of a map of Neucha 
tel, 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 79 (E) are also represented on the 
map. Parallels that are 0.5° apart are separated by a geo 
graphical-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°. 

0.052 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 trans 
mitters 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 Smart 
phone 40, as described for example in FIG. 1, can result in the 
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Smartphone 40 receiving geo-spatial coordinates for each of a 
set of neighbors associated with the radio transmitter 30-1. 
0053 FIGS. 3B-3F illustrate aspects of an example pro 
cess, 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. 
0054 FIG. 3B shows an image 300B of the map of Neu 
chatel. A portion320 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-dis 
tance 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. 

0055 FIG. 3C shows an image 300C of the map of Neu 
chatel, including the portion 320 of latitude-bin 310 contain 
ing 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 encom 
passes 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). 
0056. 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. 
0057 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, i), 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 transmit 
ter 30-i may be added to the set of neighbors of radio trans 
mitter 30-1. If the set of neighbors being generated has fewer 
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than the predetermined number of neighbors (20, for this 
example), radio transmitter 30-i is added to the set of neigh 
bors. 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,i), with the maximum 
geographical-distance for the set of neighbors. If the calcu 
lated geographical-distance, D(1,i), is longer than the maxi 
mum geographical-distance for the set of neighbors, then the 
radio transmitter 30-i cannot be added to the set of neighbors. 
Alternatively, if the calculated geographical-distance, D(1,i), 
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-i is be added to the set 
of neighbors. 
0.058 Consider next, for example, radio transmitter 30-i 
located Eastward from radio transmitter 30-i on string 302. 
Radio transmitter 30-ion 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), between radio transmitter 30-1 
and radio transmitter 30-ji in accordance to EQs. 1-3. As 
shown in FIG. 3C, radio transmitter 30-i is located outside 
circle 315, thus, the computing device can determine that 
radio transmitter 30-i may not be added to the set of neighbors 
of radio transmitter 30-1. The computing device continues 
next to examine the radio transmitter 30-k located Eastward 
from radio transmitter 30-ion string 302, and so on. 
0059. 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 cur 
rent 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-dis 
tance (50 km, in this example) to determine whether to exam 
ine the subsequent radio tower. The dashed-line circle 318 
overlaid on the map image 300C encompasses an area cen 
tered 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. 
0060 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 otherlatitude-bin 330 
that includes the radio transmitter 30-1. 

0061 FIG. 3D shows an image 300D of the map of Neu 
chatel. A portion 340 of a latitude-bin 330 centered on parallel 
47.5° is overlaid on the map image 300D. The radio transmit 
ter 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 itselfin ribbon (strip)-fashion, as 
described above. The radio transmitters included in latitude 
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bin 330 can be sorted in order of increasing longitude-dis 
tance 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. 

0062 FIG. 3E shows an image 300E of the map of Neu 
chatel, including the portion 340 of latitude-bin 330 contain 
ing radio transmitters from latitude-bin 330 ordered along 
East-bound 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 encom 
passes 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). 
0063. 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 pro 
cessing of strings 306 and 308 can be sped up significantly. 
Therefore, the radio towers to be examined during the pro 
cessing of the other latitude-bin 330 can be chosen from 
among untagged radio transmitters of strings 306 and 308. 
0064 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 neigh 
bors. 

0065 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), thus, the com 
puting 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 
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reached the predetermined number of neighbors (20, for this 
example), then the computing device compares the calculated 
geographical-distance with the maximum geographical-dis 
tance 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 calcu 
lated geographical-distance is shorter than the maximum geo 
graphical-distance for the set of neighbors, then the radio 
transmitter corresponding to the maximum distance is elimi 
nated from the set of neighbors, and the next radio transmitter 
is added to the set of neighbors. 
0066. 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 lati 
tude-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°). 
0067. 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 trans 
mitter 30-1 and having a radius equal to the predetermined 
geographical-distance (of 50 km, in this example). Addition 
ally, 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 trans 
mitter 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 other geographical vicinities, where the spatial distri 
bution 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). 
0068 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. 
0069. In some implementations, process 400 receives 405 
a data-set including geo-spatial coordinates (latitude and lon 
gitude) 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. 

0070 Process 400 can receive 410 an indication of what 
the maximum number of neighbors in the set of neighbors, N. 
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is desired to be. In reference to FIGS. 3B and 3C, N has been 
referred to as the predetermined number of the set of neigh 
bors. The maximum number of neighbors can be chosen to be 
N=2O. 

0071 Process 400 can initialize 415 a maximum geo 
graphical-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 neigh 
bors, dMax, can be a distance measured from the given radio 
transmitter to the farthest among the set of N-neighbors. 
0072 Process 400 can initialize 417 a count of radio trans 
mitters 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. 
0073 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 selec 
tion. Specifically, the operations of process 400 can be 
applied to each radio transmitter in the 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. 
0074 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. 

0075. If, however, the selected radio transmitter is 
untagged, process 400 can tag 430 the selected radio trans 
mitter 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. 
0076 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 
beachieved over a radius smaller than the default range, R. 
0077. If, however, the selected radio transmitter is sepa 
rated from the given tower by a longitude-distance, Dlong, 
shorter than the maximum geographical-distance for the set 
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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 cal 
culated in accordance with EQs. 1-3. 
(0078 Process 400 can verify 455 whether the selected 
radio transmitter is separated from the given tower by a geo 
graphical-distance, D, shorter than the maximum geographi 
cal-distance for the set of neighbors, dMax. If the selected 
radio transmitter is separated from the given tower by a geo 
graphical-distance, D. longer than the maximum geographi 
cal-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. 
0079 If, however, the selected radio transmitter is sepa 
rated 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. 
0080. If the maximum number of neighbors, N, of the set 
of neighbors has not been reached, isN, 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 trans 
mitter in the sorted latitude-bin. 
I0081) 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 long 
est geographical distance, dMax, corresponding to the maxi 
mum 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. 
I0082 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 mea 
sured 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 corre 
sponding 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 coordi 
nates have been 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 coordi 
nates corresponding to Buenos Aires are lat-124°. 
long 241. 
I0083 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 
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pointer array in columns “next1 up' and “prev 1 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. 
I0084 FIG. 5C shows a table 500C-1 including updated 
columns “next 1 up”, “prev 1 up”, “next2 down and “prev2 
down” to indicate the sorting of the 28 cell towers by longi 
tude, for each of latitude-bins 124° and 124.5°. A table 
500C-2 lists a updated two-dimensional pointer array, reflect 
ing 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. 
I0085 FIG. 5D shows a table 500D-1 including updated 
columns “next 1 up”, “prev 1 up”, “next2 down and “prev2 
down” to indicate the sorting of the 28 cell towers by longi 
tude-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 equiva 
lent to subtracting 241 from the longitude of each of the other 
27 cell towers. 
I0086 FIG.5E shows a table 500E including a set of neigh 
bors associated with each of the 28 cell towers. Table 500E 
extends to the right to include 20 columns corresponding to 
maximum 20 neighbors in each set of neighbors. However, 
for clarity, only the first 7 of 20 neighbors are shown in FIG. 
SE. 

I0087. For example, table 500E 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 neigh 
bors 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 tower3 
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 

0088 A multitude of computing devices may be used to 
implement the systems and methods described in this docu 
ment, 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, main 
frames, and other appropriate computers. Another computing 
device can be implemented in various forms of mobile 
devices. Such as personal digital assistants, cellular tele 
phones, 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 wire 
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less 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. 
I0089. 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 man 
ners as appropriate. The processor can process instructions 
for execution within the computing device, including instruc 
tions 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 por 
tions of the necessary operations (e.g., as a server bank, a 
group of blade servers, or a multi-processor system). 
0090 The memory can store information within the com 
puting 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. 
0091. 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 meth 
ods, 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. 
0092. 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 implemen 
tation, 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, e.g., through a network 
adapter. 
0093. The computing device may be implemented in a 
number of different forms. For example, it may be imple 
mented 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 per 
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Sonal 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. 

0094. 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. 

0095. 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 imple 
mented using any of a number of architectures. For example, 
the processor may be a CISC (Complex Instruction Set Com 
puters) processor, a RISC (Reduced Instruction Set Com 
puter) processor, or a MISC (Minimal Instruction Set Com 
puter) 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. 

0096. The processor of the mobile device may communi 
cate with a user through control interface and display inter 
face 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 com 
mands from a user and convert them for Submission to the 
processor of the mobile device. In addition, an external inter 
face may provide in communication with processor of the 
mobile device, so as to enable near area communication of the 
mobile device 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 InLine 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, expan 
sion memory may include instructions to carry out or Supple 
ment 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 
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via the SIMM cards, along with additional information, such 
as placing identifying information on the SIMM card in a 
non-hackable manner. 
0097. 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 trans 
ceiver or external interface. 
0098. 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 trans 
ceiver. 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 loca 
tion-related wireless data to the mobile device, which may be 
used as appropriate by applications running on the mobile 
device. 

I0099. 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. 
0100. The mobile computing device may be implemented 
in a number of different forms. For example, it may be imple 
mented as a cellular telephone. It may also be implemented as 
part of a Smartphone, personal digital assistant, or other simi 
lar mobile device. 
0101 Various implementations of the systems and tech 
niques described here can be realized in digital electronic 
circuitry, integrated circuitry, specially designed ASICs (ap 
plication specific integrated circuits), computer hardware, 
firmware, software, and/or combinations thereof. These vari 
ous implementations can include implementation in one or 
more computer programs that are executable and/or interpret 
able on a programmable system including at least one pro 
grammable processor, which may be special or general pur 
pose, 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. 
0102 These computer programs (also known as pro 
grams, 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/ma 
chine language. As used herein, the terms “machine-readable 
medium” “computer-readable medium” refers to any com 
puter program product, apparatus and/or device (e.g., mag 
netic discs, optical disks, memory, Programmable Logic 
Devices (PLDs)) used to provide machine instructions and/or 
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data to a programmable processor, including a machine-read 
able 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. 
0103) To provide for interaction with a user, the systems 
and techniques described here can be implemented on a com 
puter having a display device (e.g., a CRT (cathode ray tube) 
or LCD (liquid crystal display) monitor) for displaying infor 
mation 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 feed 
back); and input from the user can be received in any form, 
including acoustic, speech, or tactile input. 
0104. 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 middle 
ware 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 net 
work). Examples of communication networks include a local 
area network (“LAN”), a wide area network (“WAN'), peer 
to-peer networks (having ad-hoc or static members), grid 
computing infrastructures, and the Internet. 
0105. The computing system can include clients and serv 

ers. 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. 
0106 While this specification contains many specific 
implementation details, these should not be construed as limi 
tations 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 incom 
bination in a single implementation. Conversely, various fea 
tures that are described in the context of a single implemen 
tation 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 sub 
combination. 
0107 Similarly, while operations are depicted in the draw 
ings 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 cer 
tain 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 imple 
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mentations, 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 mul 
tiple software products. 
0108. 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 pro 
cesses depicted in the accompanying figures do not necessar 
ily require the particular order shown, or sequential order, to 
achieve desirable results. In certain implementations, multi 
tasking and parallel processing may be advantageous. 
0109 For example, given a set of geographically distrib 
uted assets of known latitude and longitude, the processes and 
systems disclosed in this specification can be used for iden 
tifying 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 coordi 
nates 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 is claimed is: 

1-19. (canceled) 
20. A computer-implemented method for searching way 

points, the method comprising: 
a) receiving a set of Waypoints, each waypoint having 

associated latitude and longitude values; 
b) ordering the received set of waypoints along lines of 

latitude, Sorted by longitude values; 
c) 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; 

e) during the examination, ascending and descending along 
the lines of latitude and calculating a geographical-dis 
tance 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. 

21. The method of claim 20, wherein the associated latitude 
and longitude of each waypoint are geographical coordinates 
of a geographically distributed asset, such that the received 
set of waypoints corresponds to a set of geographically dis 
tributed assets. 

22. The method of claim 21, wherein the set of geographi 
cally distributed assets comprises water wells. 

23. The method of claim 21, wherein the set of geographi 
cally distributed assets comprises oil rigs. 

24. The method of claim 21, wherein the set of geographi 
cally distributed assets comprises radio transmitters. 

25. The method of claim 24, wherein the radio transmitters 
comprise cell tower transmitters. 
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26. The method of claim 24, wherein the radio transmitters 
comprise one or more of Wireless Fidelity (WiFi) or World 
wide Interoperability for Microwave Access (WiMAX) trans 
mitters. 

27. The method of claim 24, wherein the radio transmitters 
comprise cell tower transmitters and one or more of WiFi or 
WiMAX transmitters. 

28. A non-transitory computer-readable medium encoding 
instructions that, when executed by data processing appara 
tus, cause the data processing apparatus to perform operations 
comprising: 

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

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

c) 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; 

e) during the examination, ascending and descending along 
the lines of latitude and calculating a geographical-dis 
tance 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. 

29. The non-transitory computer-readable medium of 
claim 28, wherein the associated latitude and longitude of 
each waypoint are geographical coordinates of a geographi 
cally distributed asset, such that the received set of waypoints 
corresponds to a set of geographically distributed assets. 

30. The non-transitory computer-readable medium of 
claim 29, wherein the set of geographically distributed assets 
comprises water wells. 

31. The non-transitory computer-readable medium of 
claim 29, wherein the set of geographically distributed assets 
comprises oil rigs. 

32. The non-transitory computer-readable medium of 
claim 29, wherein the set of geographically distributed assets 
comprises radio transmitters. 

33. The non-transitory computer-readable medium of 
claim 32, wherein the radio transmitters comprise cell tower 
transmitters. 
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34. The non-transitory computer-readable medium of 
claim 32, wherein the radio transmitters comprise one or 
more of Wireless Fidelity (WiFi) or Worldwide Interoperabil 
ity for Microwave Access (WiMAX) transmitters. 

35. The non-transitory computer-readable medium of 
claim 32, wherein the radio transmitters comprise cell tower 
transmitters and one or more of WiFi or WiMAX transmitters. 

36. A system comprising: 
one or more hardware processors; and 
memory encoding instructions that, when executed by the 

one or more hardware processors, cause the system to 
perform operations comprising: 

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

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

c) 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; 

e) during the examination, ascending and descending along 
the lines of latitude and calculating a geographical-dis 
tance 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. 

37. The system of claim 36, wherein the associated latitude 
and longitude of each waypoint are geographical coordinates 
of a geographically distributed water well, such that the 
received set of waypoints corresponds to a set of geographi 
cally distributed water wells. 

38. The system of claim 36, wherein the associated latitude 
and longitude of each waypoint are geographical coordinates 
of a geographically distributed oil rig. Such that the received 
set of waypoints corresponds to a set of geographically dis 
tributed oil rigs. 

39. The system of claim 36, wherein the associated latitude 
and longitude of each waypoint are geographical coordinates 
of a geographically distributed radio transmitter, Such that the 
received set of waypoints corresponds to a set of geographi 
cally distributed radio transmitters. 
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