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sources . 

METHODS AND APPARATUS FOR CELL FIG . 9 is an illustration of an example data ranking 
TOWER LOCATION ESTIMATION USING structure utilized , provided and / or generated by the example 
MULTIPLE TYPES OF DATA SOURCES source ranker of FIG . 3 . 

FIG . 10 is an illustration of an example data structure 
RELATED APPLICATION 5 containing example data records generated by and / or orga 

nized by the example source ranker of FIG . 3 . 
This patent arises from a continuation of U . S . patent FIG . 11 is an illustration of alternate example data struc 

application Ser . No . 14 / 735 , 708 , filed Jun . 10 , 2015 . Priority tures containing example data records generated by and / or 
is claimed to U . S . patent application Ser . No . 14 / 735 , 708 . organized by the example source ranker of FIG . 3 . 

10 FIG . 12 is a flowchart representative of example machine U . S . patent application Ser . No . 14 / 735 , 708 is hereby incor readable instructions that may be executed to implement the porated herein by reference in its entirety . example data analyzer of FIG . 3 for RF Layer 3 data . 

FIELD OF THE DISCLOSURE FIG . 13 is an illustration of an example cell tower 
transmitting signals that include RF Layer 3 data and / or 

15 messages . This disclosure relates generally to wireless networks , FIG . 14 is an illustration of an example data structure and , more particularly , to methods and apparatus for cell containing paired RF Layer 3 data records . 
tower location estimation using multiple types of data FIG . 15 is an illustration of an example data structure 

containing paired RF Layer 3 data records that have been 
20 processed by the example source ranker of FIG . 3 . BACKGROUND FIG . 16 is an illustration of an example data structure 

containing paired RF Layer 3 data records grouped together 
Wireless networks include cell towers to facilitate com - by the example data analyzer of FIG . 3 . 

munications to and from wireless devices ( e . g . , cellular FIG . 17 is an illustration of an example data structure 
phones ) operating within a network . The geographic distri - 25 containing paired , filtered and tagged RF Layer 3 data 
bution of the cell towers defines a coverage area of the records generated by the example data analyzer of FIG . 3 . 
wireless network of a service provider ( e . g . , Verizon , AT & T , FIG . 18 is an illustration of an example data structure 
etc . ) . Accordingly , the respective locations of the cell towers containing an example consolidated RF Layer 3 data record 
can impact the extent of coverage that subscribers to the generated by the example data analyzer of FIG . 3 . 
network may experience . For example , an adequate number 30 FIG . 19 is a flowchart representative of example machine 
of cell towers distributed throughout an area generally readable instructions that may be executed to implement the 
provides for seamless communication by subscribers . How example data filter of FIG . 3 for removing RF Layer 1 data 
ever , if the distribution of the cell towers in an area is that is duplicative of RF Layer 3 data . 
inadequate , subscribers may experience poor signal quality , FIG . 20 is a flowchart representative of example machine 
dropped calls , and / or may not be able to connect to the 35 readable instructions that may be executed to implement the 
wireless network at all . example data analyzer of FIG . 3 for RF Layer 1 data . 

FIG . 21 is an illustration of example estimated locations 
BRIEF DESCRIPTION OF THE DRAWINGS for example cell towers residing within an example area of 

interest based on example data collected from an example 
FIG . 1 is an illustration of a path an example data collector 40 high - ranking source . 

constructed in accordance with the teachings of this disclo - FIG . 22 is an illustration of example estimated locations 
sure may take among example cell towers located within an for example cell towers residing within an example area of 
example area of interest . interest based on example data collected from an example 

FIG . 2 is an illustration showing coverage sectors of low - ranking source . 
example cell towers from which data and / or messages in the 45 FIG . 23 is an illustration of the example estimated loca 
form of signals may be received and / or otherwise retrieved . tions shown in FIG . 22 after the example estimated locations 

FIG . 3 is a block diagram of an example location esti - shown in FIG . 22 have been filtered . 
mation system constructed in accordance with the teachings FIG . 24 is an illustration of the example estimated loca 
of this disclosure for estimating , based on multiple types of tions shown in FIG . 21 combined with the example esti 
data sources , the locations of cell towers residing within an 50 mated locations shown in FIG . 23 . 
area of interest . FIG . 25 is an illustration of an example report that may be 

FIG . 4 is a flowchart representative of example machine - generated by the example report generator of FIG . 3 . 
readable instructions that may be executed to implement the FIG . 26 is an illustration of an alternate example report 
example data collector of FIGS . 1 and / or 3 . that may be generated by the example report generator of 

FIG . 5 is an illustration of an example data structure 55 FIG . 3 . 
containing example data records generated by the example FIG . 27 is a block diagram of an example processing 
record generator of FIG . 3 . platform capable of executing the example instructions of 

FIG . 6 is a flowchart representative of example machine - FIG . 4 to implement the example mobile unit of FIGS . 1 
readable instructions that may be executed to implement the and / or 3 . 
example data classifier and the example location estimator 60 FIG . 28 is a block diagram of an example processing 
of FIGS . 1 and / or 3 . platform capable of executing the example instructions of 

FIG . 7 is an illustration of an example data structure FIGS . 6 , 13 and / or 20 to implement the example central data 
containing example data records generated and / or organized facility of FIGS . 1 and / or 3 . 
by the example source identifier of FIG . 3 . The figures are not to scale . Wherever possible , the same 

FIG . 8 is an illustration of alternate example data struc - 65 reference numbers will be used throughout the drawing ( s ) 
tures containing example data records generated by and / or and accompanying written description to refer to the same or 
organized by the example source identifier of FIG . 3 . like parts . 
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DETAILED DESCRIPTION higher - ranking data source , the location of any such cell 
tower is instead estimated based on data collected from the 

While information pertaining to the locations of cell lower - ranking data source . In other words , when the highest 
towers residing in a particular service provider ' s wireless ranking data source is insufficient and / or otherwise unavail 
network is valuable , the extent of that value depends largely 5 able , then the next best source of location data is utilized . As 
on the accuracy of the location information . Accurately explained below , combining the location estimations based 
estimating the locations of cell towers residing in a particu on the data collected from the higher - ranking data source 
lar service provider ' s wireless network , and / or in a particular with the location estimations based on the data collected 
area of interest , is a difficult task for third - party entities that from the lower - ranking data source results in a set of 

location estimations for the cell towers residing in the are not affiliated with the service provider . particular wireless network ( or in the particular area of While location estimations based on RF Layer 1 data interest ) having a higher degree of accuracy in comparison sources ( e . g . , RF signal power measurements ) are readily to corresponding sets of location estimations based on just obtainable by third - party entities utilizing conventional tri one type of data source . angulation methodologies , these location estimations may timations may In some examples , the data collected from the higher 
be inaccurate and unpredictable . In some examples , the 15 ranking data source includes RF Layer 3 data . As used 
location estimation errors vary depending on the operational herein , the terms “ RF Layer 3 data . ” “ RF Layer 3 
status of the cell tower , and / or are a function of the planning message ( s ) ” and / or “ RF Layer 3 signal ( s ) ” refer to any 
of the wireless network ( e . g . , infrastructure decisions signals , messages and / or information provided , transmitted 
regarding cell tower locations ) . For example , it may be more and / or received via a network communication layer and / or 
difficult to accurately estimate the location of a cell tower 20 protocol of a wireless network including , without limitation , 
surrounded by mountainous and / or obstructing terrain any signals , messages and / or information pertaining to the 
because such terrain may present difficulties with respect to structure and management of the network , and / or address 
acquiring data from the cell tower . In such example , the ing , routing and / or traffic control within the network . In 
location estimation error may be elevated relative to the some examples , the RF Layer 3 data contains the latitude 
location estimation error that might be associated with an 25 and the longitude of a cell tower transmitter from which an 
unobstructed cell tower . RF Layer 3 signal including the RF Layer 3 data was 

While more accurate location estimations may be avail transmitted . 
able from alternate sources ( e . g . , sources other than an RF In some examples , the data collected from the lower 
Layer 1 data source ) , such alternate sources may in some ranking data source includes RF Layer 1 data . As used 

herein , the terms “ RF Layer 1 data , ” “ RF Layer 1 instances be masked and / or blocked by the service provider 30 message ( s ) " and / or “ RF Layer 1 signal ( s ) ” refer to any such that the alternate sources are unavailable to third - party signals , messages and / or information provided , transmitted entities . For example , a service provider may mask and / or and / or received via a physical communication layer and / or 
block cell tower location information contained in RF Layer protocol of a wireless network . In some examples , a trian 3 signals to prevent a third party ( e . g . , a competing service g ulation technique is applied to the RF Layer 1 data to 
provider ) from using such information to determine the 35 identify the estimated location of a cell tower from which RF 
service provider ' s network configuration and / or layout . Layer 1 signals including the RF Layer 1 data were trans 
When masking and / or blocking of the alternate data source mitted . 
occurs , the third - party entity attempting to collect data from In some examples , data collected from the lower - ranking 
the alternate sources for the purpose of estimating the data source that is associated with respective ones of the cell 
locations of cell towers residing in the wireless network ( or 40 towers is duplicative of data collected from the higher 
in a particular area of interest ) may end up overlooking or ranking data source . In such examples , when the data 
ignoring one or more of the existing cell towers . If cell collected from the higher - ranking data source has already 
towers residing in the wireless network and / or in the area of been used to identify an estimated location of a cell tower , 
interest are not accounted for in the location estimation the duplicative data collected from the lower - ranking data 
process , the location estimation process will result in inac - 45 source is filtered out prior to identifying the estimated 
curate cell tower location estimations for the wireless net - location for respective ones of the cell towers based on data 
work and / or for the area of interest as a whole . collected from the lower - ranking data source . 

Example methods , apparatus and articles of manufacture In some examples , a report of the estimated locations for 
disclosed herein illustrate how , by utilizing data obtained cell towers residing within an area of interest is generated , 
from different types of data sources , a set of location 50 the report including the estimated location for respective 
estimations for cell towers residing in a particular wireless ones of the cell towers based on data collected from the 
network ( or in a particular area of interest ) can be generated higher - ranking data source , and further including the esti 
The generated set of location estimations exhibit a relatively m ated location for respective ones of the cell towers based 
higher degree of accuracy in comparison to corresponding on data collected from the lower - ranking data source . 
sets of location estimations that are based on just one type 55 FIG . 1 is an illustration of an example path 108 that an 
of data source . example mobile unit 102 including an example data collec 

In some examples , data collected from a first data source tor 104 constructed in accordance with the teachings of this 
type having a first location estimation accuracy is ranked disclosure may take among example cell towers 110 , 112 , 
relative to data collected from a second data source type 114 , 116 , 118 located within an example area of interest 106 . 
having a second location estimation accuracy . The ranked 60 In the illustrated example of FIG . 1 , as the example mobile 
data sources are then identified as a higher - ranking data unit 102 travels along the example path 108 , the example 
source and a lower - ranking data source . The locations of the data collector 104 may collect signals including data and / or 
cell towers from which the higher - ranking data was col - messages from the cell towers 110 , 112 , 114 , 116 , 118 . As 
lected are then estimated based on the data collected from discussed below in connection with FIG . 3 , the example data 
that source type . If the location of a cell tower residing in the 65 collector 104 generates data records based on the signals that 
particular wireless network ( or in the particular area of the data collector 104 collects from the cell towers 110 , 112 , 
interest ) is not estimated based on data collected from the 114 , 116 , 118 . 
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In the illustrated example of FIG . 1 , the example mobile the transmitted signals may include RF Layer 1 data and / or 
unit 102 is a motorized vehicle ( e . g . , a truck ) that can be messages , RF Layer 3 data and / or messages , and / or other 
driven throughout the example area of interest 106 . In the types of data and / or messages that the transmitter of the cell 
illustrated example , the example data collector 104 con - tower is capable of transmitting . 
tained within the example mobile unit 102 may include 5 In some examples , signals including RF Layer 3 - type data 
computing equipment ( e . g . , one or more servers , computers , and / or messages will be unavailable from one or more of the 
storage devices , processors , chipsets , and / or other hardware cell towers residing within the example area of interest 106 , 
components ) used to collect , process and / or store signals either due to the cell tower blocking its RF Layer 3 signal 
received and / or otherwise retrieved from cell towers located transmissions , or due to the cell tower transmitting signals 
within the example area of interest 106 . The example mobile 10 including RF Layer 3 data and / or messages in a manner such 
unit 102 and / or the example data collector 104 may alter that the information from within those signals that would be 
natively take on any form and / or structure so long as the of value for the purpose of estimating the location of the cell 
form and / or structure permits the example mobile unit 102 , tower has been masked . For example , a service provider 
including the example data collector 104 , to be maneuvered may desire to maintain the configuration and / or layout of its 
about the example area of interest 106 . For example , the 15 network as confidential and / or proprietary information . 
mobile unit 102 may alternatively be a smartphone , tablet Thus , the service provider may mask and / or block cell tower 
computer and / or other mobile computing device that houses location information contained in RF Layer 3 signals to 
( e . g . , acts as a vehicle for transporting ) the example data prevent a third party ( e . g . , a competing service provider ) 
collector 104 , which may take the form of one or more from using such information to determine the service pro 
hardware components located within the smartphone , tablet 20 vider ' s network configuration and / or layout . 
computer , and / or other mobile computing device . In the illustrated example of FIG . 1 , the example data 

In the illustrated example of FIG . 1 , an example central collection path 108 located within the example area of 
data facility 120 including an example data classifier 122 interest 106 may take on any form , including , without 
and an example location estimator 124 receives and / or and limitation , alternate and / or additional forms that are more 
or otherwise retrieves the data records generated by the 25 complex than and / or redundant of the example path 108 
example data collector 104 . As described below in connec - illustrated in FIG . 1 . Typically , the complexity and / or form 
tion with FIG . 3 , the example data classifier 122 and the of the example data collection path 108 will be based on the 
example location estimator 124 of the example central data size and / or shape of the example area of interest 106 , the 
facility 120 process the received data records generated by available geographic pathways ( e . g . , street arrangements ) 
the example data collector 104 to determine the locations of 30 within the example area of interest 106 , and / or the volume 
the example cell towers 110 , 112 , 114 , 116 , 118 located of data samples that must be obtained by the example data 
within the example area of interest 106 . The example central collector 104 in order to accurately estimate the locations of 
data facility 120 , including any components and / or subsys - the cell towers residing within the example area of interest 
tems thereof , may be implemented using either a single 106 . 
computing system or multiple computing systems , and may 35 In the illustrated example of FIG . 1 , as the example data 
be implemented using either a centralized computer archi - collector 104 housed within the example mobile unit 102 
tecture or a distributed computer architecture . The example travels along the example data collection path 108 , the data 
central data facility 120 can be implemented within , for collector 104 receives and / or otherwise retrieves signals 
example , one or more of a server , a personal computer , including data and / or messages associated with the example 
and / or any other type of computing device . 40 cell towers 110 , 112 , 114 , 116 , 118 . For example , the data 

While the example data classifier 122 , the example loca - collector 104 receives and / or otherwise retrieves a first 
tion estimator 124 , and / or the example central data facility signal “ S1 ” from cell tower 110 at a time “ TO . ” At time “ TO , " 
120 are shown in FIG . 1 as being located outside of the the example data collector 104 also detects a location “ L1 ” 
example area of interest 106 , any of the example data at which the signal " S1 " was received and / or otherwise 
classifier 122 , the example location estimator 124 , and / or the 45 retrieved by the data collector 104 . Thus , the location “ Ll ” 
example central data facility 120 may alternatively be is based on the location of the example data collector 104 , 
located within the example area of interest 106 . Further as opposed to being based on and / or derived from any 
more , any of the example data classifier 122 , the example location information that may be embedded in the data 
location estimator 124 , and / or the example central data and / or messages of the example signal “ S1 . ” Continuing 
facility 120 may alternatively be located within the example 50 along the example data collection path 108 , the example data 
mobile unit 102 such that additional portions and / or the collector 104 receives and / or otherwise retrieves a second 
entirety of the example central data facility 120 is mobile signal " S2 " from cell tower 110 at time “ T1 ” and location 
and / or transportable along with the mobile unit 102 . “ L2 . " As described below in connection with FIGS . 5 and / or 

In the illustrated example of FIG . 1 , the example area of 13 , in some examples the second signal “ S2 ” may be an RF 
interest 106 may be a geographic area of any size , shape 55 Layer 3 signal including a SYSTEM PARAMETERS mes 
and / or configuration , including for example , a zip code , a sage that can be associated and / or paired with the example 
neighborhood , a town , a city , a region , or a state . The first signal “ S1 ” that may be an RF Layer 3 signal including 
example area of interest 106 may include any number of cell a SYNC message . 
towers . An example configuration of cell towers located Continuing along the example data collection path 108 , 
within the example area of interest 106 is described below 60 the example data collector 104 receives and / or otherwise 
in connection with FIG . 2 . Cell towers residing within the retrieves a third signal “ S3 ” from cell tower 112 at time “ T2 " 
example area of interest 106 may have any configuration and location “ L3 , ” and also receives and / or otherwise 
with respect to the number of coverage sectors and / or retrieves a fourth signal “ S4 ” from cell tower 112 at time 
transmitters from which signals including data and / or mes “ T3 ” and location “ L4 . ” In the illustrated example of FIG . 
sages may be transmitted . Moreover , each transmitter asso - 65 1 , the signals " S1 " and " S2 " collected from cell tower 110 
ciated with a cell tower residing within the example area of may be of a different type than the signals “ S3 ” and “ S4 ” 
interest 106 may transmit signals of any form . For example , collected from cell tower 112 . For example , signals “ Sl ” and 



US 9 , 967 , 712 B2 

“ S2 ” may be RF Layer 3 signals , while signals " S3 ” and Layer 3 data and / or messages , and / or other types of data 
“ S4 ” may be RF Layer 1 signals . In the illustrated example and / or messages that the transmitters are capable of trans 
of FIG . 1 , cell tower 112 may not transmit any RF Layer 3 mitting . For example , the example transmitters 202 , 204 , 
signals as a result of RF Layer 3 masking and / or blocking 206 of the example cell tower 114 may transmit RF Layer 1 
implemented by and / or in connection with cell tower 112 . 5 signals as well as RF Layer 3 signals , while the example 

Continuing along the example data collection path 108 , transmitters 222 , 224 , 226 of the example cell tower 116 
the example data collector 104 receives and / or otherwise may only transmit RF Layer 1 signals . 
retrieves a fifth signal “ S5 ” and a sixth signal “ S6 ” from cell In some examples , the data and / or messages included in 
tower 114 at respective times “ T4 ” and “ T5 ” and respective a transmitted signal may include a signal identifier ( Signal 
locations “ L5 ” and “ L6 . ” The example data collector 104 10 ID ) such as , for example , a pseudo - noise code ( PN code ) , a 
also receives and / or otherwise retrieves a seventh signal scrambling code ( SC code ) , or a physical cell identity ( PCI ) . 
“ S7 ” and an eighth signal “ S8 ” from cell tower 116 at The example Signal ID is associated with the transmitter of 
respective times “ T6 ” and “ T7 " and respective locations the cell tower from which a signal including data and / or a 
“ L7 ” and “ L8 . ” In the illustrated example , the respective message containing the Signal ID was transmitted . In some 
times “ T4 ” and “ T5 " and the respective locations “ L5 ” and 15 examples , the data and / or messages included in a transmit 
“ L6 " at which the example data collector 104 receives ted signal may include a Signal Power measurement . The 
signals “ S5 ” and “ S6 ” from cell tower 114 are nearly example Signal Power measurement may be associated with 
identical to the respective times “ T6 ” and “ T7 " and the a relative distance between the location of the cell tower 
respective locations “ L7 and “ L8 ” at which the example data transmitter from which the signal including the Signal 
collector 104 receives signals “ S7 " and " S8 ” from cell tower 20 Power measurement was transmitted and the location at 
116 . The configuration and / or distribution ( e . g . , the over - which the transmitted signal was received by the example 
lapping coverage areas ) of cell towers 114 and 116 is data collector 104 of FIG . 1 . 
described below in connection with FIG . 2 . In the illustrated example of FIGS . 1 and 2 , signals 

Continuing along the example data collection path 108 , transmitted by the example cell towers 114 , 116 may be 
the example data collector 104 receives and / or otherwise 25 received and / or otherwise retrieved by the example data 
retrieves a ninth signal “ S9 ” from cell tower 118 at time collector 104 of FIG . 1 when the data collector 104 is located 
“ T8 ” and location “ L9 , ” and also receives and / or otherwise within a corresponding coverage sector 212 , 214 , 216 of the 
retrieves a tenth signal “ S10 " from cell tower 118 at time example cell tower 114 and / or a corresponding coverage 
“ T9 " and location " L10 . ” In the illustrated example of FIG . sector 232 , 234 , 236 of the example cell tower 116 . For 
1 , the signals “ S9 ” and “ S10 " collected from cell tower 118 30 example , if the data collector 104 is located within the 
may be of the same type as the signals “ S1 ” and “ S2 ” example coverage sector 214 of the example cell tower 114 , 
collected from cell tower 110 . For example , signals “ S1 , " the data collector 104 may receive signals of any type and / or 
“ S2 , ” “ S9 ” and “ S 10 ” may all be RF Layer 3 signals . form that are being transmitted by the example transmitter 

While the example scenario illustrated and described 204 of the example cell tower 114 that is associated with the 
above in connection with FIG . 1 involves a relatively small 35 example coverage sector 214 . Based on the relative prox 
number of received and / or retrieved signals , a substantially imity between the data collector 104 and the example cell 
larger number of signals will typically be received and / or tower 114 , the data collector 104 , when located within 
retrieved by the example data collector 104 while the coverage sector 214 , may also receive signals that are being 
example data collector 104 and the example mobile unit 102 transmitted by the other example transmitters 202 and 206 of 
is maneuvered about the example area of interest 106 . In 40 the example cell tower 114 that are associated with example 
some examples , the degree of accuracy with which the coverage sectors 212 and 216 . 
locations of the cell towers residing within an area of interest In the illustrated example of FIG . 2 , the example 236 of 
are estimated may depend upon a substantially large number the example cell tower 116 overlaps with the example 
of signals being collected throughout the area of interest . coverage sector 214 of the example cell tower 114 , as shown 
Accordingly , relatively higher volumes of signal data col - 45 at reference number 250 . If the example data collector 104 
lected by the example data collector 104 may yield an of FIG . 1 is located within the example overlapping area 250 
improved accuracy with respect to the location estimations of the example coverage sectors 214 , 236 , the data collector 
provided by the example central data facility 120 . 104 may receive signals of any type and / or form that are 

FIG . 2 is an illustration showing example coverage sec - being transmitted by the example transmitter 204 of the 
tors 212 , 214 , 216 of the example cell tower 114 ( FIG . 1 ) and 50 example cell tower 114 that is associated with the example 
example coverage sectors 232 , 234 , 236 of the example cell coverage sector 214 , or the example transmitter 226 of the 
tower 116 ( FIG . 1 ) . In the illustrated example of FIG . 2 , the example cell tower 116 that is associated with the example 
example cell tower 114 includes example transmitters 202 , coverage sector 236 . For example , the example signals “ S5 , " 
204 , 206 , each of which transmits signals including data “ S6 , " “ S7 ” and “ S8 ” transmitted by the example cell towers 
and / or messages into corresponding ones of the example 55 114 , 116 described above in connection with FIG . 1 may be 
coverage sectors 212 , 214 , 216 . Similarly , the example cell received and / or otherwise retrieved by the example data 
tower 116 includes example transmitters 222 , 224 , 226 , each collector 104 at a location within an overlapping coverage 
of which transmits signals including data and / or messages area of the example cell towers 114 , 116 , such as the 
into corresponding ones of the example coverage sectors example overlapping area 250 shown in FIG . 2 . 
232 , 234 , 236 . A coverage sector ( e . g . , the example coverage 60 While both of the example cell towers 114 , 116 of FIG . 2 
sector 212 ) is a virtual way to view the area of coverage are illustrated as having three coverage sectors , the example 
provided by a corresponding transmitter of a cell tower ( e . g . , data collector 104 of FIG . 1 may collect signals including 
the example transmitter 202 of the example cell tower 114 ) . data and / or messages from cell towers having any number of 
The signals that are transmitted by the example transmitters coverage sectors . Moreover , one or more coverage sectors of 
202 , 204 , 206 of the example cell tower 114 and / or by the 65 any cell tower may or may not overlap with one more 
example transmitters 222 , 224 , 226 of the example cell coverage sectors of another cell tower residing within an 
tower 116 may include RF Layer 1 data and / or messages , RF area of interest . The example data collector 104 of FIG . 1 is 
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constructed to collect signals including data and / or messages In the illustrated example of FIG . 3 , as the example 
from cell towers residing within an area of interest , regard mobile unit 102 and the example data collector 104 is 
less of the relative distribution of the cell towers residing transported through an area of interest ( e . g . , the example 
within the area of interest , and regardless of the number of area of interest 106 of FIG . 1 ) , the example data receiver 302 
transmitters and / or coverage sectors that any cell tower ( s ) 5 of the data collector 104 receives and / or otherwise retrieves 
residing within the area of interest may contain . In some signals including data and / or messages from one or more 
examples , a signal that a transmitter of a cell tower ( e . g . , the cell towers ( e . g . , the example cell towers 110 , 112 , 114 , 116 , 
example cell tower 110 of FIG . 1 ) transmits to the example 118 of FIG . 1 ) residing in the area of interest . The example 
data collector 104 is intended to be transmitted specifically data receiver 302 associates a time stamp with each signal 
to the example data collector 104 based on the data collector 10 that the data receiver 302 receives and / or otherwise 
104 first contacting the example cell tower and requesting retrieves . In some examples , the associated timestamp may 
and / or otherwise prompting the transmission of the signal be based on the time at which the signal is received and / or 
from the cell tower to the data collector 104 . In other otherwise retrieved by the data receiver 302 . Alternatively , 
examples , the example data collector 104 may collect a the associated timestamp may be based on information 
signal that a transmitter of a cell tower transmits even if the 15 contained within and / or represented by the signal itself . 
signal is not intended to be transmitted specifically to the In the illustrated example of FIG . 3 , the example location 
example data collector 104 . detector 304 is a global positioning system ( GPS ) receiver 

FIG . 3 is a block diagram of an example location esti that detects the location at which signals transmitted by one 
mation system 300 constructed in accordance with the or more example cell towers ( e . g . , the example cell towers 
teachings of this disclosure for estimating , based on multiple 20 110 , 112 , 114 , 116 , 118 of FIG . 1 ) residing within an 
types of data sources , the locations of the example cell example area of interest ( e . g . , the example area of interest 
towers 110 , 112 , 114 , 116 , 118 residing within the example 106 of FIG . 1 ) are received and / or otherwise retrieved by the 
area of interest 106 of FIG . 1 . The example location esti - example data receiver 302 . In some examples , the timestamp 
mation system 300 , including any components and / or sub - that the example data receiver 302 associates with a received 
systems thereof , may be implemented using either a single 25 signal is synchronized to a timestamp that the example 
computing system or multiple computing systems , and may location detector 304 associates with received location data . 
be implemented using either a centralized computer archi - In other examples , location data received and / or otherwise 
tecture or a distributed computer architecture . The example retrieved by the example location detector 304 is directly 
location estimation system 300 can be implemented within , associated with a signal that is received and / or otherwise 
for example , one or more of a server , a personal computer , 30 retrieved by the example data receiver 302 at the time such 
or any other type of computing device . signal is received and / or otherwise retrieved , in which case 

In the illustrated example of FIG . 3 , the example location the location data will share the same time stamp that the 
estimation system 300 includes the example mobile unit 102 example data receiver 302 associates with the receipt of the 
having the example data collector 104 of FIGS . 1 and / or 3 . signal without the need for synchronization . 
In the illustrated example of FIG . 3 , the example data 35 In the illustrated example of FIG . 3 , the example record 
collector 104 includes an example data receiver 302 , an generator 306 generates a data record associated with each 
example location detector 304 , an example record generator signal that is received and / or retrieved by the example data 
306 and an example collector storage 308 . The example receiver 302 for which the example location detector 304 
location estimation system 300 further includes the example has provided location data associated with the location at 
central data facility 120 having the example data classifier 40 which the signal was received and / or retrieved by the data 
122 and the example location estimator 124 of FIGS . 1 receiver 302 . In some examples , the generated data record 
and / or 3 . In the illustrated example of FIG . 3 , the example may include the timestamp at which the example data 
data classifier 122 includes an example source identifier 312 , receiver 302 received and / or otherwise retrieved the signal . 
an example source ranker 314 and an example classifier The example data record may also include the location data 
storage 316 . In the illustrated example of FIG . 3 , the 45 received and / or otherwise retrieved by the example location 
example location estimator 124 includes an example data detector 304 that is associated with the received signal . The 
analyzer 322 , an example data filter 324 , an example report example data record may also include a Signal ID associated 
generator 326 and an example estimator storage 328 . How with a transmitter of the cell tower from which the signal 
ever , fewer or additional structures may be implemented to containing the Signal ID was transmitted . The example data 
carry out one or more portions of the functionalities imple - 50 record may also include additional data representing and / or 
mented by the example data collector 104 , the example data from portions of the associated signal . Example data records 
classifier 122 , the example location estimator 124 , and / or generated by the example record generator 306 of FIG . 3 are 
other structures associated with one or more additional described in further detail below in connection with FIG . 5 . 
and / or alternative functions described herein . In the illustrated example of FIG . 3 , data records and / or 

In the illustrated example of FIG . 3 , the example data 55 data structures that are generated by the example record 
collector 104 combines the signal data received and / or generator 306 are stored in the example collector storage 
otherwise retrieved by the example data receiver 302 with 308 . The example collector storage 308 of FIG . 3 is imple 
location data received and / or otherwise retrieved by the mented by one or more hard disk drives , but it could 
example location detector 304 . The example record genera additionally or alternatively be implemented by any type 
tor 306 generates one or more example data records asso - 60 and / or any number of a storage drive , a storage disk , a flash 
ciated with the combined data , and the example data records memory , a read - only memory ( ROM ) , a compact disk ( CD ) , 
are stored in the example collector storage 308 of the data a digital versatile disk ( DVD ) , a Blu - ray disc , a cache , a 
collector 104 . As described in greater detail below , the random - access memory ( RAM ) and / or any other storage 
example data records are transmitted to and / or made acces - medium in which information is stored for any duration 
sible to the example data classifier 122 and / or the example 65 ( e . g . , for extended time periods , permanently , brief 
location estimator 124 of FIGS . 1 and / or 3 for further instances , for temporarily buffering , and / or for caching of 
processing . the information ) . Data records and / or data structures that are 
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generated by the example record generator 306 and stored in transmitters can be identified . Instead , the example RF Layer 
the example collector storage 308 may be stored in any file 1 signals contain information from which a location of a cell 
format , organization scheme and / or arrangement , including tower can be estimated , for example , via triangulation 
without limitation an arrangement corresponding to the techniques . Such estimation processes may carry a relatively 
example data structure described below in connection with 5 greater degree of risk for location error as compared to using 
FIG . 5 . For example , each data record that is stored in the the RF Layer 3 - based estimation processes described herein . 
example collector storage 308 may be stored as an indi - Based on the relative accuracy associated with respective 
vidual file , or may alternatively be aggregated into a single ones of the available source types , the example source 
stored file and / or stored data structure that contains multiple ranker 314 of FIG . 3 defines , assigns and / or otherwise 
data records . As described in greater detail herein , the data 10 associates a source rank with each source type . For example , 
records and / or data structures that are stored in the example the source ranker 314 may assign a rank of “ 1 ” to an 
collector storage 308 will be accessible to one or more of the example RF Layer 3 source type and a rank of “ 2 ” to an 
example data classifier 122 , the example location estimator example RF Layer 1 source type , as the example RF Layer 
124 , and / or , more generally , to the example central data 3 source type has an associated accuracy that is more 
facility 120 of the example location estimation system 300 15 effective , relative to the associated accuracy of the RF Layer 
of FIG . 3 . 1 source type with respect to estimating the location of a cell 

In the illustrated example of FIG . 3 , the example data tower . As such , the example source ranker 314 has identified 
classifier 122 includes an example source identifier 312 , an and / or ranked the example RF Layer 3 source type as a 
example source ranker 314 and an example classifier storage higher - ranking source ( rank 1 ) , and the example RF Layer 1 
316 . The data classifier 122 classifies , associates , modifies 20 source type 1004 as a lower - ranking source ( rank 2 ) . An 
and / or organizes the example data records that have been example data ranking structure utilized , provided and / or 
generated by the example record generator 306 and / or stored generated by the example source ranker 314 of FIG . 3 is 
in the example collector storage 308 such that a source type described below in connection with FIG . 9 . 
and / or a source rank is assigned to and / or otherwise asso While the example source ranker 314 described above in 
ciated with each example data record . As described in 25 connection with FIG . 3 may rank as few as two source types , 
greater detail herein , the example data records , after having the source ranker 314 can rank any number of source types . 
been classified , associated , modified and / or otherwise orga - For example , the source ranker 314 may further rank a third 
nized by the example data classifier 122 , are transmitted to source type having an associated accuracy that is higher 
and / or made accessible to the example location estimator and / or lower relative to the associated accuracy of the 
124 of FIG . 3 for further processing . 30 example RF Layer 1 source type and / or the example RF 

In the illustrated example of FIG . 3 , the example source Layer 3 source type . For example , the third source type may 
identifier 312 identifies , assigns and / or otherwise associates take the form of satellite imagery from which the locations 
a source type with respective ones of the example data of cell towers residing within an example area of interest can 
records that are generated by the example record generator be estimated with a medium degree of accuracy . In such an 
306 and / or stored in the example collector storage 308 . For 35 instance , the source ranker 314 would assign a source rank 
example , the example source identifier 312 may identify a to the example satellite imagery source type that is lower 
data record that includes RF Layer 3 signal data as being an relative to the source rank assigned to the example RF Layer 
RF Layer 3 data record , because the RF Layer 3 signal was 3 source type ( rank “ 1 ” ) , but higher relative to the source 
transmitted by an RF Layer 3 data source ( e . g . , the example rank assigned to the example RF Layer 1 source type ( rank 
cell tower 110 of FIG . 1 that transmits RF Layer 3 signals ) . 40 “ 2 " ' ) . For example , the source ranker 314 may assign a rank 
Example data records and / or data structures that have been of “ 1 . 5 ” to the example satellite imagery source type . 
processed and / or generated by the example source identifier Alternatively , the source ranker 314 may assign a source 
312 of FIG . 3 are described in further detail below in rank of “ 2 ” to the example satellite imagery source type , and 
connection with FIGS . 7 and 8 . assign and / or reassign a source rank of “ 3 ” to the example 

In the illustrated example of FIG . 3 , the example source 45 RF Layer 1 source type . 
ranker 314 identifies , assigns and / or otherwise associates a Once the example source ranker 314 of FIG . 3 has 
source rank with the example data records and / or data associated respective source ranks with corresponding 
structures that have been processed and / or generated by the source types , the source ranker 314 identifies , assigns and / or 
example source identifier 312 . The example source ranker otherwise associates a source rank with respective ones of 
314 determines a source rank to be associated with an 50 the example data records that have been processed by the 
example data record based on the type of source from which example source identifier 312 . For example , if the example 
the example data record was generated and a relative accu source ranker 14 has associated a source rank of “ 1 ” with 
racy associated with that type of source . In some examples , the RF Layer 3 source type , the example source ranker 314 
an associated accuracy of each source type is predetermined , may assign a source rank of “ 1 ” to an example data record 
known by and / or otherwise provided to the example source 55 that the example source identifier 312 has identified as being 
ranker 314 . an RF Layer 3 data record . Example data records and / or data 

For example , the example source ranker 314 may asso structures that have been processed and / or generated by the 
ciate an example RF Layer 3 source with a high degree of example source ranker 314 of FIG . 3 are described in further 
accuracy , because signals received and / or otherwise detail below in connection with FIGS . 10 and 11 . 
retrieved from an RF Layer 3 source contain information 60 The example data records and / or data structures that are 
from which the actual latitude and longitude of a cell tower utilized , processed and / or generated by the example source 
and / or its transmitters can be identified . In contrast , the identifier 312 and / or the example source ranker 314 are 
example source ranker 314 may associate an example RF stored in the example classifier storage 316 of FIG . 3 . The 
Layer 1 source with a relatively lower degree of accuracy , example classifier storage 316 of FIG . 3 is implemented by 
because signals received and / or otherwise retrieved from an 65 one or more hard disk drives , but it could additionally or 
RF Layer 1 source do not contain information from which alternatively be implemented by any type and / or any number 
the actual latitude and longitude of a cell tower and / or its of a storage drive , a storage disk , a flash memory , a read 
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only memory ( ROM ) , a compact disk ( CD ) , a digital ver mental processing technique until the data records and / or 
satile disk ( DVD ) , a Blu - ray disc , a cache , a random - access data structures associated with the lowest - ranking source 
memory ( RAM ) and / or any other storage medium in which have been processed . 
information is stored for any duration ( e . g . , for extended The example data analyzer 322 of FIG . 3 , subsequent to 
time periods , permanently , brief instances , for temporarily 5 selecting a set of data records and / or data structures asso 
buffering , and / or for caching of the information ) . Data ciated with a particular source rank ( e . g . , RF Layer 3 data 
records and / or data structures that are stored in the example records associated with source rank “ 1 ” ) , processes the 
classifier storage 316 may be stored in any file format , selected data records and / or data structures to estimate the 

locations of the cell towers of that type of source rank ( e . g . , organization scheme and / or arrangement , including without 
limitation an arrangement corresponding to the example data ta 10 cell towers 110 , 114 and 118 of FIG . 1 that transmit RF 

Layer 3 signals ) residing in an area of interest ( e . g . , the structures described below in connection with FIGS . 7 - 11 . example area of interest 106 of FIG . 1 ) . An example of the For example , each data record that is stored in the example manner in which the example data analyzer 322 processes a classifier storage 316 may be stored as an individual file , or set of RF Layer 3 data records and / or data structures to 
may alternatively be aggregated into a single stored file 15 estimate the locations of cell towers transmitting RF Laver 
and / or stored data structure that contains multiple data 3 signals is described below in connection with FIGS . 12 - 19 . 
records . As described in greater detail herein , the data An example of the manner in which the example data 
records and / or data structures that are stored in the example analyzer 322 processes RF Layer 1 data records to estimate 
classifier storage 316 will be accessible to the source ranker the locations of cell towers transmitting RF Layer 1 signals 
314 , and / or , more generally to the example data classifier 20 is described below in connection with FIG . 20 . 
122 of FIG . 3 , and / or to the example location estimator 124 , In the illustrated example of FIG . 3 , prior to and / or in 
and / or , more generally , to the example central data facility conjunction with the example data analyzer 322 processing 
120 of the example location estimation system 300 of FIG . lower - ranking data records and / or data structures , the 

example data filter 324 first filters out any data from the 
The example location estimator 124 of FIG . 1 includes an 25 lower - ranking data records and / or data structures that is 

example data analyzer 322 , an example data filter 324 , an associated with a cell tower for which the example data 
example report generator 326 and an example estimator analyzer 322 and / or the example location estimator 124 has 
storage 328 . The location estimator 124 estimates the loca already generated an estimated location . In other words , 

tions of cell towers ( e . g . , the example cell towers 110 , 112 , duplicative information is identified and removed from 
114 , 116 , 118 of FIG . 1 ) residing in an area of interest ( e . g . , 30 consideration . As such , processing resources may be con 

served and / or otherwise saved that would otherwise be the example area of interest 106 of FIG . 1 ) from which the 
example data collector 104 of FIGS . 1 and / or 3 has collected consumed by processing one or more types of data that is 

duplicative of data that has already been considered . data , subsequent to such collected data having first been In the illustrated example of FIG . 3 , the example data processed by the example data classifier 122 of FIGS . 1 35 filter 324 assists with the incremental processing performed and / or 3 . As described in greater detail below , the example by the example data analyzer 322 by removing data from 
location estimator 124 processes the example data records lower - ranking data records and / or data structures that is and / or data structures generated by the example source duplicative and / or redundant of data from higher - ranking 
ranker 314 in an incremental manner , beginning with the data records and / or structures that the example data analyzer 
highest - ranking data records and / or data structures , based on 40 322 has already processed . For example , if the example data 
the source ranks that the example source ranker 314 has analyzer 322 and / or the example location estimator 124 of 
assigned to such example data records and / or data structures . FIG . 3 has generated a first estimated location for a particu 

In the illustrated example of FIG . 3 , the example data lar cell tower residing within an area of interest based on 
analyzer 322 processes the data records and / or data struc - higher - ranking RF Layer 3 data records and / or data struc 
tures generated by the example source ranker 314 and / or 45 tures , it may be disadvantageous for the example data 
stored in the example classifier storage 316 in an incremen - analyzer 322 and / or the example location estimator 124 to 
tal manner . The example data analyzer 322 first identifies subsequently generate a second estimated location for that 
( for example , via a query ) the one or more source rankings particular cell tower based on lower - ranking RF Layer 1 data 
that the example source ranker 314 has associated with the records and / or data structures , as the second estimated 
data records and / or data structures . The example data ana - 50 location would be duplicative and / or redundant of , but less 
lyzer 322 then selects ( for example , via a query ) for pro - accurate than , the first estimated location . Such adverse 
cessing only those data records and / or data structures asso duplication scenarios are avoided by implementation of the 
ciated with the highest - ranking source for which the data example data filter 324 . 
analyzer 322 has not conducted processing . For example , if In some examples , the example data filter 324 first iden 
the example data analyzer 322 determines that source rank 55 tifies lower - ranking data records having Signal IDs that 
“ 1 ” RF Layer 3 data records and source rank “ 2 ” RF Layer match the Signal IDs of higher - ranking data records asso 
1 data records are available for processing , the data analyzer ciated with a particular cell tower for which the example 
322 will recognize that source rank “ 1 ” is the highest data analyzer 322 and / or the example location estimator 124 
ranking source that is available for processing , and the data has already generated an estimated location . Once the 
analyzer 322 will accordingly select only the source rank 60 example data filter 324 has identified the lower - ranking data 
“ 1 ” RF Layer 3 data records for processing . Once the records based on the aforementioned matching Signal ID 
example data analyzer 322 has processed the example criteria , the data filter 324 then removes respective ones of 
source rank “ 1 ” RF Layer 3 data records , the data analyzer the identified lower - ranking data records if the location at 
322 will then proceed with processing the data records which the signal and / or message associated with the lower 
associated with the next incrementally lower - ranking source 65 ranking data record was received and / or otherwise retrieved 
( e . g . , the example source rank “ 2 ” RF Layer 1 data records ) . by the example data collector 104 is within a threshold 
The example data analyzer 322 continues with this incre - distance ( e . g . , one mile ) of the estimated location of the cell 
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tower transmitter having the matching Signal ID for which in FIG . 3 may be combined , divided , re - arranged , omitted , 
higher - ranking data records have already been utilized to eliminated and / or implemented in any other way . Further , 
estimate a location . An example of the manner in which the the example data receiver 302 , the example location detector 
example data filter 324 filters lower - ranking RF Layer 1 data 304 , the example record generator 306 , the example collec 
records that are duplicative of higher - ranking RF Layer 3 5 tor storage 308 , the example source identifier 312 , the 
data records is described in further detail below in connec - example source ranker 314 , the example classifier storage 
tion with FIGS . 19 and 21 - 24 . 316 , the example data analyzer 322 , the example data filter 

In the illustrated example of FIG . 3 , after the example data 324 , the example report generator 326 , the example estima 
analyzer 322 and / or the example location estimator 124 has tor storage 328 , and / or , more generally , the example data 
generated location estimations for the cell towers ( e . g . , the 10 collector 104 , the example data classifier 122 , the example 
example cell towers 110 , 112 , 114 , 116 , 118 of FIG . 1 ) location estimator 124 , and / or , more generally , the example 
residing in an area of interest ( e . g . , the example area of mobile unit 102 , the example central data facility 120 , 
interest 106 of FIG . 1 ) , the example report generator 326 and / or , more generally , the example location estimation 
generates one or more reports associated with the location system 300 of FIG . 3 may be implemented by hardware , 
estimations . In some examples , a report generated by the 15 software , firmware and / or any combination of hardware , 
example report generator 326 includes the location estima - software and / or firmware . Thus , for example , any of the 
tions for the cell towers based on data collected from a example data receiver 302 , the example location detector 
higher - ranking data source , such as an RF Layer 3 data 304 , the example record generator 306 , the example collec 
source , and also includes the location estimations for the cell tor storage 308 , the example source identifier 312 , the 
towers based on data collected from a lower - ranking data 20 example source ranker 314 , the example classifier storage 
source , such as an RF Layer 1 data source . Example reports 316 , the example data analyzer 322 , the example data filter 
generated by the example report generator 326 of FIG . 3 are 324 , the example report generator 326 , the example estima 
described below in connection with FIGS . 25 - 26 . tor storage 328 , and / or , more generally , the example data 

The example data records , data structures and / or reports collector 104 , the example data classifier 122 , the example 
that are processed and / or generated by the example data 25 location estimator 124 , and / or , more generally , the example 
analyzer 322 , the example data filter 324 , and / or the mobile unit 102 , the example central data facility 120 , 
example report generator 326 are stored in the example and / or , more generally , the example location estimation 
estimator storage 328 of FIG . 3 . The example estimator system 300 of FIG . 3 could be implemented by one or more 
storage 328 of FIG . 3 is implemented by one or more hard analog or digital circuit ( s ) , logic circuits , programmable 
disk drives , but it could additionally or alternatively be 30 processor ( s ) , application specific integrated circuit ( s ) 
implemented by any type and / or any number of a storage ( ASIC ( s ) ) , programmable logic device ( s ) ( PLD ( s ) ) and / or 
drive , a storage disk , a flash memory , a read - only memory field programmable logic device ( s ) ( FPLD ( s ) ) . When read 
( ROM ) , a compact disk ( CD ) , a digital versatile disk ( DVD ) , ing any of the apparatus or system claims of this patent to 
a Blu - ray disc , a cache , a random - access memory ( RAM ) cover a purely software and / or firmware implementation , at 
and / or any other storage medium in which information is 35 least one of the example data receiver 302 , the example 
stored for any duration ( e . g . , for extended time periods , location detector 304 , the example record generator 306 , the 
permanently , brief instances , for temporarily buffering , and / example collector storage 308 , the example source identifier 
or for caching of the information ) . The data records , data 312 , the example source ranker 314 , the example classifier 
structures and / or reports that are stored in the example storage 316 , the example data analyzer 322 , the example 
estimator storage 328 may be stored in any file format , 40 data filter 324 , the example report generator 326 , the 
organization scheme and / or arrangement , including without example estimator storage 328 , and / or , more generally , the 
limitation an arrangement corresponding to the example data example data collector 104 , the example data classifier 122 , 
records , data structures and / or reports described below in the example location estimator 124 , and / or , more generally , 
connection with FIGS . 14 - 18 and 25 - 26 . The data records , the example mobile unit 102 , the example central data 
data structures and / or reports that are stored in the example 45 facility 120 , and / or , more generally , the example location 
estimator storage 328 will be accessible to one or more of estimation system 300 of FIG . 3 is / are hereby expressly 
the example data analyzer 322 , the example data filter 324 , defined to include a tangible computer readable storage 
the example report generator 326 and / or , more generally , the device or storage disk such as a memory , a digital versatile 
example location estimator 124 of FIG . 3 . disk ( DVD ) , a compact disk ( CD ) , a Blu - ray disk , etc . 

In the example of FIG . 3 , the collector storage 308 , the 50 storing the software and / or firmware . Further still , the 
example classifier storage 316 and the example estimator example location estimation system 300 of FIG . 3 may 
storage 328 are illustrated as being separate storage devices , include one or more elements , processes and / or devices in 
with the example classifier storage 316 and the example addition to , or instead of , those illustrated in FIG . 3 , and / or 
estimator storage 328 being commonly located at the may include more than one of any or all of the illustrated 
example central data facility 120 . The example collector 55 elements , processes and devices . 
storage 308 , the example classifier storage 316 and / or the A flowchart representative of example machine readable 
example estimator storage 328 may alternatively be a single instructions for implementing the example data collector 
shared and / or partitioned storage device and / or storage disk 104 of FIGS . 1 and / or 3 is shown in FIG . 4 . Flowcharts 
to which data records , data structures and / or reports gener - representative of example machine readable instructions for 
ated and / or processed by any of the example record genera - 60 implementing the example data classifier 122 and the 
tor 306 , the example source identifier 312 , the example example location estimator 124 of FIGS . 1 and / or 3 are 
source ranker 314 , the example data analyzer 322 , the shown in FIGS . 6 , 12 , 19 and / or 20 . In these examples , the 
example data filter 326 and / or the example report generator machine readable instructions comprise one or more pro 
326 may be stored . grams for execution by a processor such as the processor 

While an example manner of implementing the example 65 2712 shown in the example processor platform 2700 dis 
location estimation system 300 is illustrated in FIG . 3 , one cussed below in connection with FIG . 27 , and / or the 
or more of the elements , processes and / or devices illustrated example processor 2812 shown in the example processor 
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platform 2800 described below in connection with FIG . 28 . associated timestamp , and the associated location ( block 
The program ( s ) may be embodied in software stored on a 408 ) . For example , an example data record generated by the 
tangible computer readable storage medium such as a CD example record generator 306 of FIG . 3 at block 408 of the 
ROM , a floppy disk , a hard drive , a digital versatile disk example program 400 of FIG . 4 may include a signal and / or 
( DVD ) , a Blu - ray disk , or a memory associated with the 5 message timestamp , a signal and / or message latitude ( e . g . , 
processor 2712 and / or 2812 , but the entire program ( s ) the latitude of the location at which the signal and / or 
and / or parts thereof could alternatively be executed by a message was received by the example data collector 104 as 
device other than the processor 2712 and / or 2812 , and / or determined by the example location detector 304 ) , a signal embodied in firmware or dedicated hardware . Further , and / or message longitude ( e . g . , the longitude of the location although the example program ( s ) is / are described with ref - 10 at which the signal and / or message was received by the erence to the flowcharts illustrated in FIGS . 4 , 6 , 12 , 19 and example data collector 104 as determined by the example 20 , many other methods of implementing the example data location detector 304 ) , and the content of , and / or data collector 104 , the example data classifier 122 and / or the 
example location estimator 124 may alternatively be used . associated with the content of , the received signal and / or 
For example , the order of execution of the blocks may be 15 message : 
changed , and / or some of the blocks described may be FIG . 5 is an illustration of an example data structure 500 
changed , eliminated , or combined . containing example data records 502 - 520 generated by the 

As mentioned above , the example processes of FIGS . 4 . example record generator 306 of the example data collector 
6 , 12 , 19 and 20 may be implemented using coded instruc 104 of FIG . 3 . The example data records 502 , 504 , 506 , 508 , 
tions ( e . g . , computer and / or machine readable instructions ) 20 510 , 512 , 514 , 516 , 518 and 520 of FIG . 5 correspond to the 
stored on a tangible computer readable storage medium such respective example signals “ S1 , " " S2 , " " S3 , " " S4 , " " S5 , " 
as a hard disk drive , a flash memory , a read - only memory “ S6 , ” “ S7 , ” “ S8 , ” “ S9 ” and “ S10 ” described above in 
( ROM ) , a compact disk ( CD ) , a digital versatile disk ( DVD ) , connection with FIG . 1 . In the illustrated example of FIG . 5 , 
a cache , a random - access memory ( RAM ) and / or any other each data record ( shown in FIG . 5 as a row in the example 
storage device or storage disk in which information is stored 25 data structure 500 ) generated by the example record gen 
for any duration ( e . g . , for extended time periods , perma erator 306 includes a signal and / or message timestamp , a 
nently , for brief instances , for temporarily buffering , and / or signal and / or message latitude , a signal and / or message 
for caching of the information ) . As used herein , the term longitude , and the content of , and / or data associated with the tangible computer readable storage medium is expressly content of , the received signal and / or message . For example , defined to include any type of computer readable storage 30 a first data record 502 generated by the example record device and / or storage disk and to exclude propagating generator 306 includes a message timestamp of “ TO ” , a 
signals and to exclude transmission media . As used herein , message latitude of “ MSG _ LAT1 ” , a message longitude of " tangible computer readable storage medium ” and “ tangible 

“ MSG _ LONG1 " , and the content of , and / or data associated machine readable storage medium ” are used interchange 
ably . Additionally or alternatively , the example processes of 35 35 with the content of , an RF Layer 3 “ SYNC ” message that has 
FIGS . 4 , 6 , 12 , 19 and 20 may be implemented using coded been received and / or otherwise retrieved by the example 
instructions ( e . g . , computer and / or machine readable data receiver 302 . A second data record 504 generated by the 
instructions ) stored on a non - transitory computer and / or example record generator 306 includes a message timestamp 
machine readable medium such as a hard disk drive , a flash of “ Ti ” , a message latitude of “ MSG _ LAT2 ” , a message 
memory , a read - only memory , a compact disk , a digital 40 longitude of “ MSG _ LONG2 " , and the content of , and / or 
versatile disk , a cache , a random - access memory and / or any data associated with the content of , an RF Layer 3 “ SYS 
other storage device or storage disk in which information is TEM PARAMETERS ” message that has been received 
stored for any duration ( e . g . , for extended time periods , and / or otherwise retrieved by the example data receiver 302 . 
permanently , for brief instances , for temporarily buffering , third data record 506 generated by the example record 
and / or for caching of the information ) . As used herein , the 45 generator 306 includes a message timestamp of “ T2 ” , a 
term non - transitory computer readable medium is expressly message latitude of “ MSG _ LAT3 ” , a message longitude of 
defined to include any type of computer readable storage “ MSG _ LONG3 ” , and the content of , and / or data associated 
device and / or storage disk and to exclude propagating with the content of , an RF Layer 1 “ Signal Power ” message 
signals and to exclude transmission media . As used herein , that has been received and / or otherwise retrieved by the 
when the phrase " at least " is used as the transition term in 50 example data receiver 302 . 
a preamble of a claim , it is open - ended in the same manner While the example data records 502 - 520 illustrated in 
as the term " comprising " is open ended . FIG . 5 include a specific number of data fields , the data 

FIG . 4 is a flowchart representative of example machine - records generated by the example record generator 306 may 
readable instructions 400 that may be executed to implement include any number of fields containing any amount of 
the example data collector 104 of FIGS . 1 and / or 3 . The 55 information associated with the received signal , including 
example program 400 of FIG . 4 begins when the example without limitation information that is more detailed than 
data receiver 302 of the example data collector 104 of FIG . what is described above and shown in FIG . 5 in connection 
3 collects a signal from a cell tower ( e . g . , the example cell with example data records 502 - 520 . As one example , a data 
tower 110 of FIG . 1 ) located in an area of interest ( e . g . , the record generated by the example record generator 306 may 
example area of interest 106 of FIG . 1 ) ( block 402 ) . The 60 include a single field having a data string that includes all of 
example data receiver 302 of FIG . 3 associates a timestamp the message timestamp , message latitude , message longi 
with the collected signal ( block 404 ) , and the example tude , and / or message content information that is described 
location detector 304 of FIG . 3 associates a location with the above and shown in FIG . 5 in connection with example data 
collected signal ( block 406 ) . record 502 . Furthermore , while each of the example data 

The example record generator 306 of FIG . 6 generates a 65 records 502 - 520 illustrated in FIG . 5 includes an equal 
data record associated with the collected signal that includes number of data fields , a data record generated by the 
data and / or message content from the collected signal , the example record generator 306 may include any number of 
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data fields , and the number of data fields from one data FIG . 9 is an illustration of an example data ranking 
record to the next , and / or the type of information within structure 900 utilized , provided and / or generated by the 
those data fields , may differ . example source ranker 314 of FIG . 3 to define , assign and / or 

FIG . 6 is a flowchart representative of example machine otherwise associate a source rank with a source type having 
readable instructions 600 that may be executed to implement 5 an associated accuracy with respect to the source type ' s 
the example data classifier 122 and the example location effectiveness in estimating the location of a cell tower . For 
estimator 124 of FIGS . 1 and / or 3 . The example program example , the source ranker 314 , as illustrated with reference 
600 of FIG . 6 begins when the example source identifier 312 to the example data structure 900 shown in FIG . 9 , has 

ranked an example RF Layer 3 source type 902 and an of FIG . 3 identifies the sources and / or source types from 
which the data contained in respective ones of the data ata 10 example RF Layer 1 source type 904 . An associated accu 

racy of each example source type is predetermined , known records generated by the example record generator 306 was by and / or otherwise provided to the example source ranker collected by the example data collector 104 of FIG . 3 ( block 314 . 602 ) . In the illustrated example of FIG . 9 , the example RF FIG . 7 is an illustration of an example data structure 700 15 Layer 3 source type 902 is associated with a high degree of containing example data records 702 - 720 ( shown in FIG . 7 accuracy , because signals received and / or otherwise 
as rows in the example data structure 700 ) generated and / or retrieved from the RF Layer 3 source contain information 
organized by the example source identifier 312 of FIG . 3 . In from which the actual latitude and longitude of a cell tower 
the illustrated example of FIG . 7 , respective ones of the and / or its transmitters can be identified . In contrast , the 
example data records 702 - 720 have been derived from 20 example RF Layer 1 source type 904 is associated with a 
corresponding ones of the example data records 502 - 520 relatively lower degree of accuracy , because signals 
shown in FIG . 5 that were generated by the example record received and / or otherwise retrieved from the RF Layer 1 
generator 306 of FIG . 3 . The example source identifier 312 source do not contain information from which the actual 
has modified the example data records 502 - 520 by identi - latitude and longitude of a cell tower and / or its transmitters 
fying , assigning and / or otherwise associating a source type 25 can be identified . In the illustrated example of FIG . 9 , the 
with each such record , thereby resulting in the generation of example data structure 900 reflects that the source ranker 
corresponding example data records 702 - 720 as shown in 314 has assigned a rank of “ 1 ” to the example RF Layer 3 
the example data structure 700 of FIG . 7 . In the illustrated source type 902 and a rank of “ 2 ” to the example RF Layer 
example , the identification , assignment and / or association of 1 source type 904 , as the RF Layer 3 source type 902 has an 
a source type in relation to a particular data record is based 30 associated accuracy that is more effective , relative to the 
on information contained within the example “ Message associated accuracy of the RF Layer 1 source type 904 , with 
Content " field of each data record that the example source respect to estimating the location of a cell tower . As such , the 
identifier 312 recognizes as being indicative of a particular example source ranker 312 has identified and / or ranked the 
source type . example RF Layer 3 source type 902 as a higher - ranking 

FIG . 8 is an illustration of alternate example data struc - 35 source ( rank 1 ) , and the example RF Layer 1 source type 904 
tures 800 , 850 containing example data records 502 - 520 as a lower - ranking source ( rank 2 ) . 
( shown in FIG . 8 as rows in the example data structures 800 , Returning to the example flowchart of FIG . 6 , the 
850 ) for which the example source identifier 312 of FIG . 3 example source ranker 314 also assigns and / or otherwise 
has identified , assigned and / or otherwise associated a source associates respective ones of the source ranks determined by 
type . In the illustrated example of FIG . 8 , respective ones of 40 the example source ranker 314 with respective ones of the 
the example data records 502 - 520 correspond to the example data records based on the source type identifications pro 
data records 502 - 520 shown in FIG . 5 that were generated vided by the example source identifier 312 ( block 606 ) . 
by the example record generator 306 of FIG . 3 . The example FIG . 10 is an illustration of an example data structure 
source identifier 312 has classified , associated and / or orga - 1000 containing example data records 1002 - 1020 ( shown in 
nized the example data records 502 - 520 such that each data 45 FIG . 10 as rows in the example data structure 1000 ) that 
record has been placed in a respective example data struc - have been generated and / or organized by the example source 
ture 800 , 850 containing data records associated solely with ranker 314 of FIG . 3 . In the illustrated example of FIG . 10 , 
that particular source type . For example , the example data the example data records 1002 - 1020 have been derived from 
structure 800 contains example data records 502 , 504 , 510 , corresponding ones of the example data records 702 - 720 
512 , 518 and 520 , each of which has been associated with an 50 shown in FIG . 7 based on the example data ranking structure 
“ RF Layer 3 ” source type , while the example data structure 900 shown in FIG . 9 . The example source ranker 312 has 
850 contains example data records 506 , 508 , 514 and 516 , modified the example data records 702 - 720 by identifying , 
each of which has been associated with an “ RF Layer 1 " assigning and / or otherwise associating a source type with 
source type . In the illustrated example of FIG . 8 , the each such record , thereby resulting in the generation of 
identification , classification , association and / or organization 55 corresponding example data records 1002 - 1020 as shown in 
of a particular data record with and / or in relation to a the example data structure 1000 of FIG . 10 . In the illustrated 
particular source type is based on information contained example , the identification , assignment and / or association of 
within the example “ Message Content ” field of each data a source rank in relation to a particular data record is based 
record that the example source identifier 312 recognizes as on information contained within the example “ Source Type ” 
being indicative of a particular source type . 60 field of each data record , along with the relationship that the 

Returning to the flowchart of FIG . 6 , once the example example data ranking structure 900 provides between 
source identifier 312 has identified the source types from sources types and associated source ranks . For example , the 
which the data contained in respective ones of the data example source ranker 314 recognizes that the example 
records was collected , the example source ranker 314 of record 702 is associated with an RF Layer 3 source type . The 
FIG . 3 ranks the identified source types based on a relative 65 example source ranker 314 modifies the example data record 
degree of accuracy associated with each source type in 702 based on the relationship defined in the example data 
estimating the location of a cell tower ( block 604 ) . ranking structure 900 , whereby an RF Layer 3 source type 
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is assigned a source rank of “ 1 ” . Accordingly , the example example program 608A of FIG . 12 begins when the example 
source ranker 314 identifies , assigns and / or otherwise asso data analyzer 322 of FIG . 3 generates paired RF Layer 3 data 
ciates a source rank of “ 1 ” with the example record 702 , records based on the RF Layer 3 data records generated by 
thereby resulting in the generation of corresponding the example record generator 306 of FIG . 3 ( block 1202 ) . In 
example data record 1002 as shown in the example data 5 some examples , a paired RF Layer 3 data record is generated 
structure 1000 of FIG . 10 . by combining an RF Layer 3 data record including a 

FIG . 11 is an illustration of alternate example data struc “ SYNC ” message with a sequentially transmitted RF Layer 
tures 1100 , 1150 containing example data records 502 - 5203 data record including a “ SYSTEM PARAMETERS ” mes 
( shown in FIG . 11 as rows in the example data structures sage . The paired RF Layer 3 data record contains a message 
1100 , 1150 ) for which the example source ranker 314 of 10 timestamp , a message latitude and longitude , a Signal ID , a 
FIG . 3 has identified , assigned and / or otherwise associated Sector ID , and a transmitter latitude and longitude ( block 
a source rank . In the illustrated example of FIG . 11 , the 1202 ) . The pairing process is described in greater detail 
example data records 502 - 520 correspond to the example below in connection with FIGS . 13 and 14 . 
data records 502 - 520 shown in FIG . 8 based on the example FIG . 13 is an illustration of a cell tower ( e . g . , the example 
data ranking structure 900 shown in FIG . 9 . The example 15 cell tower 110 of FIG . 1 ) having two transmitters that 
source ranker 314 has classified , associated and / or organized respectively transmit RF Layer 3 signals including RF Layer 
the example data records 502 - 520 such that each data record 3 data and / or messages into two example coverage sectors 
has been placed in a respective example data structure 1100 , 1302 , 1304 . As illustrated in FIG . 13 , the RF Layer 3 signals 
1150 containing data records associated solely with that transmitted into coverage sector “ A ” 1302 may include a 
particular source type and associated source rank . For 20 series of " SYNC ” messages transmitted at times “ T20 , " 
example , the example data structure 1100 contains example “ T _ 2 ” and “ T24 ” that sequentially alternate with a series of 
data records 502 , 504 , 510 , 512 , 518 and 520 , each of which corresponding “ SYSTEM PARAMETERS ” messages 
has been associated with an “ RF Layer 3 ” source type and included in RF Layer 3 signals transmitted at times “ T , 1 , " 
an associated source rank of “ 1 ” , while the example data “ T _ 3 ” and “ T25 . ” Similarly , the RF Layer 3 signals trans 
structure 1150 contains example data records 506 , 508 , 514 25 mitted into coverage sector “ B ” 1304 may include a series 
and 516 , each of which has been associated with an “ RF of “ SYNC ” messages transmitted at times “ T20 , ” “ T82 " and 
Layer 1 ” source type and an associated source rank of “ 2 ” . “ T24 ” that sequentially alternate with a series of correspond 
In the illustrated example of FIG . 11 , the identification , ing “ SYSTEM PARAMETERS ” messages included in RF 
classification , association and / or organization of a particular Layer 3 signals transmitted at times “ T , 1 , ” “ T23 ” and 
data record with and / or in relation to a particular source rank 30 “ T25 . ” It may be advantageous for the example data ana 
is based on the prior identification , classification , and or l yzer 322 of FIG . 3 to pair , associate and / or otherwise 
association performed by the example source identifier 312 combine information from the sequentially transmitted 
as described above in connection with FIG . 8 , along with the “ SYNC ” and “ SYSTEM PARAMETERS ” messages . For 
relationship that the example data ranking structure 900 example , the data analyzer 322 may generate a single paired 
provides between source types and associated source ranks . 35 RF Layer 3 data record containing information from both the 
For example , the example source ranker 314 recognizes that “ SYNC ” message included in the RF Layer 3 signal trans 
each of the example data records contained in the example mitted into coverage sector “ A ” 1302 at time “ TO ” and the 
data structure 800 is associated with an RF Layer 3 source “ SYSTEM PARAMETERS ” message included in the RF 
type . The example source ranker 314 modifies the example Layer 3 signal transmitted into coverage sector “ A ” 1302 at 
data structure 800 based on the relationship defined in the 40 time “ T1 . " . 
example data ranking structure 900 , whereby an RF Layer 3 The generation of such paired , associated and / or other 
source type is assigned a source rank of “ 1 ” . Accordingly , wise combined RF Layer 3 data records is particularly 
the example source ranker 314 identifies , assigns and / or advantageous with respect to combining the information 
otherwise associates a source rank of “ l ” with the example contained in sequentially transmitted “ SYNC ” and “ SYS 
data structure 800 , thereby resulting in the generation of 45 TEM PARAMETERS ” messages . Such messages separately 
corresponding example data structure 1100 as shown in FIG . contain information that , for purposes of estimating the 
11 . location of a cell tower ( e . g . , the example cell tower 110 of 

Returning to the example flowchart of FIG . 6 , the FIG . 1 ) according to the example location estimation system 
example location estimator 124 of FIG . 3 , via the example 300 of FIG . 3 , is more useful when is paired , associated 
data analyzer 322 of FIG . 3 , determines an estimated loca - 50 and / or otherwise combined into a single data record . For 
tion for respective ones of the cell towers ( e . g . , the example example , an RF Layer 3 " SYNC ” message may contain a 
cell towers 110 , 112 , 114 , 116 , 118 of FIG . 1 ) residing in the Signal ID associated with the transmitter of the cell tower 
area of interest ( e . g . , the example area of interest 106 ) by from which a signal including data and / or a message con 
first processing the data records associated with the highest - taining the Signal ID was transmitted . In some examples , the 
ranked source that has not already been used to estimate the 55 Signal ID contained in the RF Layer 3 “ SYNC ” message is 
location of a cell tower residing within the area of interest associated with a transmitted signal that is received and / or 
( block 608 ) . otherwise retrieved at a first time by the example data 
When the data records associated with the highest - ranked collector 104 of FIGS . 1 and / or 3 , while a sequentially 

source that has not already been used to estimate the location transmitted RF Layer 3 " SYSTEM PARAMETERS ” mes 
of a cell tower residing within the area of interest constitute 60 sage that is received and / or otherwise retrieved at a second 
RF Layer 3 data records , the example program 600 executes time by the example data collector 104 may contain a 
a sub - process at block 608 with respect to the RF Layer 3 “ Sector ID ” parameter as well as the transmitter ' s latitude 
data records . FIG . 12 is a flowchart representative of and longitude parameters . The example data analyzer 322 of 
example machine - readable instructions 608A that may be FIG . 3 pairs and / or otherwise associates the Signal ID of a 
executed to implement the example data analyzer 322 of 65 “ SYNC ” message that has been received and / or otherwise 
FIG . 3 for RF Layer 3 data records in connection with the retrieved by the example data collector 104 with the Sector 
sub - process 608A associated with block 608 of FIG . 6 . The ID , latitude and longitude information of a “ SYSTEM 
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PARAMETERS ” message that has sequentially been Layer 3 data records 1402 - 1426 of FIG . 14 , the example data 
received and / or otherwise retrieved by the example data analyzer 322 of FIG . 3 groups , categorizes and / or otherwise 
collector 104 . A single paired RF Layer 3 data record of the organizes respective ones of the example paired RF Layer 3 
paired and / or otherwise associated “ SYNC ” and “ SYSTEM data records 1402 - 1426 having the same Sector ID and 
PARAMETERS ” messages is then generated by the 5 identical , or nearly identical ( e . g . , within a threshold dis 
example data analyzer 322 that includes the Signal ID , the tance ) transmitter latitudes and longitudes . 
Sector ID , and the latitude and longitude information . FIG . 16 is an illustration of an example data structure 

FIG . 14 illustrates an example data structure 1400 con - 1600 containing example paired RF Layer 3 data records 
taining example paired RF Layer 3 data records 1402 - 1426 from among the example paired RF Layer 3 data records 
( shown in FIG . 14 as respective rows in the example data 10 1402 - 1426 of FIG . 14 that the example data analyzer 322 
structure 1400 ) that were generated by the example data has grouped together . In the illustrated example of FIG . 16 , 
analyzer 322 of FIG . 3 by pairing , associating and / or oth - the example data analyzer 322 has grouped together 
erwise combining “ SYNC ” messages received and / or oth - example paired RF Layer 3 data records 1402 , 1406 , 1408 
erwise retrieved by the example data collector 104 with and 1420 , as each such data record contains a Sector ID of 
" SYSTEM PARAMETERS ” messages sequentially 15 “ 1001 ” , a transmitter latitude of “ X1 ” , and a transmitter 
received and / or otherwise retrieved by the example data longitude of “ Y1 ” . Similarly , the example data analyzer 322 
collector 104 from one or more RF Layer 3 data sources . In has grouped together example paired RF Layer 3 data 
the illustrated example of FIG . 14 , the example paired RF records 1404 , 1414 and 1426 , as each such data record 
Layer 3 data record 1402 includes a message timestamp of contains a Sector ID of “ 1002 ” , a transmitter latitude of 
“ T20 , " a message latitude of “ MSG _ LAT1 , " a message 20 “ X1 ” , and a transmitted longitude of “ Y1 ” . The example 
longitude of “ MSG _ LONG1 , " a Signal ID of “ 1 , " a Sector data analyzer 322 has also grouped together example paired 
ID of “ 1001 , ” a transmitter latitude of “ X1 , ” and a trans - RF Layer 3 data records 1418 and 1422 , as each such data 
mitter longitude of “ Y1 . ” While the example paired RF record contains a Sector ID of “ 1003 ” , a transmitter latitude 
Layer 3 data records 1402 - 1426 illustrated in FIG . 14 of " X1 " , and a transmitted longitude of “ Y1 " . The example 
include a specific number of data fields , the paired RF Layer 25 data structure 1600 of FIG . 16 does not include any of 
3 data records generated by the example data analyzer 322 example paired RF Layer 3 data records 1410 , 1412 , 1416 
may include any number of fields containing any amount of or 1424 shown in FIG . 14 , as each such data record 
information associated with the signals and / or the messages contained a Sector ID that did not match the Sector ID of any 
and / or data received by the example data collector 104 , other example paired RF Layer 3 data record shown in FIG . 
including without limitation information that is more 30 14 . Thus , the example data analyzer 322 treats the data 
detailed than what is described above and shown in FIG . 14 records containing such non - matching Sector IDs as noise 
in connection with the example paired RF Layer 3 data and / or otherwise irrelevant information . 
records 1402 - 1426 . Returning to the flowchart of FIG . 12 , the example data 

In some examples , the RF Layer 3 data records , prior to analyzer 322 identifies , from among the grouped paired RF 
being paired by the example data analyzer 322 of FIG . 3 , 35 Layer 3 data records , those data records having the most 
may first be processed by the example source identifier 312 frequent Signal IDs ( block 1206 ) . The example data ana 
and / or the example source ranker 314 of FIG . 3 . For lyzer 322 then identifies an associated paired RF Layer 3 
example , FIG . 15 is an illustration of an example data data record for each such Signal ID , and assigns a Tower ID 
structure 1500 containing paired RF Layer 3 data records to each associated paired RF Layer 3 data record ( block 
1402 - 1426 ( shown in FIG . 15 as respective rows in the 40 1206 ) . For example , the example data analyzer 322 of FIG . 
example data structure 1500 ) generated by the example data 3 identifies and / or selects a paired RF Layer 3 data record 
analyzer 322 in a similar manner to that described above from each grouping of paired RF Layer 3 data records based 
with respect to the example paired RF Layer 3 data records on the frequency ( e . g . , satisfying a threshold number of 
1402 - 1426 of FIG . 14 . However , in the example of FIG . 15 , occurrences ) of the Signal IDs contained by the example 
the example data analyzer 322 has generated the example 45 data records within the grouping . The example data analyzer 
paired RF Layer 3 data records 1402 - 1426 after the example 322 then tags , assigns and / or otherwise associates each 
data identifier 312 and the example data ranker 314 have first selected paired RF Layer 3 data record with a Tower ID . In 
processed the RF Layer 3 data records used by the example some examples , each Tower ID assigned by the data ana 
data analyzer 322 to generate the example paired RF Layer lyzer 322 is unique to a particular cell tower for which the 
3 data records 1402 - 1426 . In the illustrated example of FIG . 50 example data analyzer 322 and / or the example location 
15 , the example data structure 1500 has been assigned estimator 124 of FIG . 3 will estimate a location . 
and / or associated with a source rank of “ 1 ” by the example FIG . 17 is an illustration of an example data structure 
source ranker 314 of FIG . 3 . In other examples , the pairing 1700 containing example paired RF Layer 3 data records 
of the RF Layer 3 data records may alternatively be per - 1702 , 1704 and 1706 that have been generated by the 
formed by the example record generator 306 of FIG . 3 , and 55 example data analyzer 322 of FIG . 3 based on the example 
the resultant paired RF Layer 3 data records may then be grouped paired RF Layer 3 data records 1402 , 1404 and 
further processed by the example source identifier 312 , the 1418 shown in FIG . 16 . For example , with reference to FIG . 
example source ranker 314 and / or the example data analyzer 16 , three of the four example RF Layer 3 data records within 
322 of FIG . 3 . the example grouped RF Layer 3 data records 1402 , 1406 , 
Returning to the flowchart of FIG . 12 , the example data 60 1408 and 1420 contain a Signal ID of “ 1 ” . Based on the 

analyzer 322 of FIG . 3 identifies , from among the paired RF satisfaction of a frequency threshold , the example data 
Layer 3 data records , those data records having common analyzer 322 has selected example paired RF Layer 3 data 
transmitter latitude / longitude pairings ( block 1204 ) . The record 1402 having a Signal ID of “ 1 ” for inclusion in the 
example data analyzer 322 then groups the identified data example data structure 1700 of FIG . 17 . The example data 
records according to Sector ID ( block 2506 ) . For example , 65 analyzer 322 has assigned a Tower ID of “ 001 ” to that data 
to build a relationship between the Signal ID parameters and record , thereby resulting in the generation of corresponding 
Sector ID parameters associated with the example paired RF example data record 1702 as shown in the example data 
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structure 1700 of FIG . 17 . Similarly , again with reference to coverage sectors that are located on and / or at a particular cell 
FIG . 16 , two of the three example RF Layer 3 data records tower having a Tower ID of “ 001 ” , a latitude of “ X1 ” , and 
within the example grouped RF Layer 3 data records 1404 , a longitude of “ Y1 ” . Based on the location information ( e . g . , 
1414 and 1426 contain a Signal ID of “ 2 ” . Based on the the actual latitude and actual longitude at which the cell 
satisfaction of a frequency threshold , the example data 5 tower transmitter is located ) contained in any of the example 
analyzer 322 has selected example paired RF Layer 3 data cell tower - specific RF Layer 3 data record 1802 , and / or the 
record 1404 having a Signal ID of “ 2 ” for inclusion in the example RF Layer 3 data structure 1800 , the example data 
example data structure 1700 of FIG . 17 , and has assigned the analyzer 322 and / or the example location estimator 124 of 
same Tower ID of “ 001 ” to that data record , thereby result . FIG . 3 determines an estimated location of the example cell 
ing in the generation of corresponding example data record 10 tower having a Tower ID of " 001 ” . By virtue of using RF 
1704 as shown in the example data structure 1700 of FIG . Layer 3 data records processed in the manner describe 
17 . Once again with reference to FIG . 16 , both of the above , because the estimated location is based on the actual 
example RF Layer 3 data records within the example latitude and actual longitude of the transmitters associated 
grouped RF Layer 3 data records 1418 and 1422 contain a with the Tower ID “ 001 " cell tower , the estimated location 
Signal ID of “ 3 ” . Based on the satisfaction of a frequency 15 will demonstrate little , if any , location error relative to the 
threshold , the example data analyzer 322 has selected actual physical location of the Tower ID “ 001 ” cell tower . 
example paired RF Layer 3 data record 1418 having a Signal While the example paired , grouped , selected and / or cell 
ID of “ 3 ” for inclusion in the example data structure 1700 of tower - specific RF Layer 3 data records 1402 - 1426 , 1702 , 
FIG . 17 , and has assigned the same Tower ID of " 001 ” to 1704 , 1718 and 1802 , and / or data structures 1400 , 1500 , 
that data record , thereby resulting in the generation of 20 1600 , 1700 and 1800 illustrated in FIGS . 14 , 15 , 16 , 17 and 
corresponding example data record 1718 as shown in the 18 include a specific number of data fields and / or a specific 
data structure 1700 of FIG . 17 . structure , the RF Layer 3 data records and / or data structures 

Returning to the flowchart of FIG . 12 , the example data generated and / or analyzed by the example data analyzer 322 
analyzer 322 generates cell tower - specific RF Layer 3 data in connection with the sub - process 608A of FIG . 12 may 
records , with each such data record including a Tower ID , 25 include any number of fields containing any amount of 
associated Signal IDs , associated Sector IDs , and associated information , and / or any form or structure , including without 
transmitter latitudes and longitudes ( block 1208 ) . The infor - limitation information that is more detailed than what is 
mation contained in such cell tower - specific RF Layer 3 data described above and shown in FIGS . 14 , 15 , 16 , 17 and 18 
records provides an estimated location ( e . g . , based on the in relation to example data records 1402 - 1426 , 1702 , 1704 , 
transmitter latitude and longitude ) of an identified cell tower 30 1718 and 1802 , and example data structures 1400 , 1500 , 
( e . g . , the Tower ID ) and its associated transmitters ( e . g . , the 1600 , 1700 and 1800 . 
Signal IDs ) and associated sectors ( e . g . , the Sector IDs ) . For Following the execution of blocks 1202 - 1208 of the 
example , the example data structure 1700 shown in FIG . 17 sub - process 608A described above in connection with the 
contains three example RF Layer 3 data records 1702 , 1704 processing of RF Layer 3 data records as described in 
and 1718 , each of which contains a Signal ID , a Sector ID , 35 connection with the flowchart of FIG . 12 , the sub - process 
a Tower ID , a transmitter latitude , and a transmitter longi - 608A returns to block 608 of the example program 600 of 
tude . Once the example RF Layer 3 data records 1702 , 1704 FIG . 6 , and the example program 600 then proceeds to block 
and 1718 have been organized in this manner , the example 610 . 
data analyzer 322 further groups , categorizes and / or other - Returning to the flowchart of FIG . 6 , once the example 
wise organizes any data records contained in the example 40 location estimator 124 has processed the data records asso 
data structure 1700 having the same latitude and longitude ciated with the highest - ranked source that has not already 
such that a number of distinct transmitters and / or coverage been used to estimate the location of a cell tower residing 
sectors associated with a particular cell tower , as identified within the area of interest , the example location estimator 
by a particular Tower ID , can be identified . 124 , via the example data analyzer 322 , then determines 

FIG . 18 is an illustration of an example data structure 45 whether additional data records associated with a lower 
1800 containing an example cell tower - specific RF Layer 3 ranked source are available for processing ( block 610 ) . 
data record 1802 generated by the example data analyzer If such additional data records associated with a lower 
322 of FIG . 3 based on the example RF Layer 3 data records ranked source are available , the example location estimator 
1702 , 1704 and 1718 shown in FIG . 17 . For example , with 124 , via the example data filter 324 of FIG . 3 , determines 
reference to FIG . 17 , each of the example RF Layer 3 data 50 whether the additional data records associated with the 
records 1702 , 1704 and 1718 contains a transmitter latitude lower - ranked source contain data that is duplicative of data 
of “ X1 ” and a transmitter longitude of “ Y1 ” . Based on this contained in the data records associated with a higher 
commonality , the example data analyzer 322 has consoli - ranked source that has already been used to estimate the 
dated example RF Layer 3 data records 1702 , 1704 and location of a cell tower residing within the area of interest 
1718 , thereby resulting in the generation of the example RF 55 ( block 612 ) . If the example data filter 324 , at block 612 , does 
Layer 3 cell tower - specific data record 1802 as shown in the not identify duplicative data , the program 600 returns to 
example data structure 1800 of FIG . 18 . The example cell block 608 . If the example data filter 324 , at block 612 , 
tower - specific RF Layer 3 data record 1802 contains a list of instead identifies duplicative data , the example data filter 
Signal IDs , a list of Sector IDs , a transmitter latitude , and a 324 filters out any data records associated with the lower 
transmitter longitude , all of which are associated with the 60 ranking source containing the duplicative data ( block 614 ) , 
Tower ID that is likewise contained in the example cell and the example program 600 then returns to block 608 as 
tower - specific RF Layer 3 data record 1802 . described above . 
As described above , cell towers typically include of one FIG . 19 is a flowchart representative of example machine 

or more transmitters installed at a common location ( e . g . , readable instructions 614 that may be executed as a sub 
attached to the cell tower ) . The number of distinct Signal IDs 65 process to block 614 of the example machine - readable 
included in the example cell tower - specific RF Layer 3 data instructions 600 of FIG . 6 to implement the example data 
record 1802 indicates the number of transmitters and / or filter 324 of FIG . 3 in a scenario involving higher - ranking 
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data records ( e . g . , RF Layer 3 ) and lower - ranking data example program 600 of FIG . 6 , and the example program 
records ( e . g . , RF Layer 1 ) . The example program 614 of 600 then proceeds to block 608 . 
FIG . 19 begins when the example data filter 324 parses a cell Upon the program 600 returning to block 608 , whether 
tower - specific RF Laver 3 data record ( e . g . , the example cell from block 612 or from block 614 , the example location 
tower - specific RF Layer 3 data record 1802 of FIG . 18 ) to 5 estimator 124 , via the example data analyzer 322 of FIG . 3 , 
obtain the associated Signal IDs and associated transmitter determines an estimated location for respective ones of the 
latitude and longitude ( block 1902 ) . For example , with cell towers residing in the area of interest by processing the 
reference to FIG . 18 , the example data filter 324 parses the data records associated with the lower - ranked source , as 

those data records then represent the highest - ranked source example cell tower - specific RF Layer 3 data record 1802 and 
identifies , from the parsed RF Layer 3 data record , a Tower 10 that has not already been used to estimate the location of a 

cell tower residing within the area of interest . For example , ID “ 001 ” , Signal IDs “ 1 ” , “ 2 ” and “ 3 ” , and a location in a scenario where the data that was collected from the including a latitude " X1 " and a longitude " Y1 . " example data collector 104 of FIG . 3 includes only data The example data filter 324 compares the parsed RF obtained from RF Layer 3 sources and RF Layer 1 sources , 
Layer 3 data record with available RF Layer 1 data records le RF Layer data records 15 the example data analyzer 322 , having first processed the having associated Signal IDs and associated RF data points data records and / or data structures associated with the 
( e . g . , message latitudes and longitudes ) ( block 1904 ) . The higher - ranking RF Layer 3 source type as described above 
example data filter 324 then determines whether the parsed in connection with sub - process 608A of FIG . 12 , will next 
RF Layer 3 data record contains a Signal ID that matches a proceed with processing the data records and / or data struc 
Signal ID contained in any RF Layer 1 data record ( block 20 tures associated with the lower - ranking RF Layer 1 source 
1906 ) . If there are no matching Signal IDs among the type . 
compared RF Layer 3 and RF Layer 1 data records , the When the data records associated with the highest - ranked 
example sub - process 614 of FIG . 19 terminates . If , however , source that has not already been used to estimate the location 
a matching Signal ID is found , the example data filter 324 of a cell tower residing within the area of interest constitute 
calculates the distance between the latitude and longitude 25 RF Layer 1 data records , the example program 600 executes 
associated with the RF Layer 3 data record on the one hand , a sub - process at block 608 with respect to the RF Layer 1 
and the RF Layer 1 data points ( e . g . , message latitude and data records . FIG . 20 is a flowchart representative of 
longitude ) contained in the matching RF Layer 1 data record example machine - readable instructions 608B that may be 
on the other hand ( block 1908 ) . executed to implement the example data analyzer 322 of 

The example data filter 324 determines whether the 30 FIG . 3 for RF Layer 1 data records in connection with the 
calculated distance is within a distance threshold ( block sub - process 608B associated with block 608 of FIG . 6 . The 
1910 ) . If the calculated distance is not within the distance example program 608B of FIG . 20 begins when the example 
threshold , the example sub - process terminates . If , however , data analyzer 322 of FIG . 3 groups , categorizes and / or 
the calculated distance is within the distance threshold , the otherwise organizes the RF Layer 1 data records having the 
example data filter 324 removes the corresponding RF Layer 35 same Signal IDs ( block 2002 ) . The data analyzer 322 then 
1 data record , such that the removed RF Layer 1 data record applies conventional triangulation techniques to the grouped 
will not be considered by the example data analyzer 322 RF Layer 1 data records to determine an estimated location 
when the example data analyzer 322 processes the lower - of a cell tower from which the grouped RF Layer 1 signals 
ranking RF Layer 1 data records ( block 1912 ) . were received ( block 2004 ) . In some examples , the applied 

For example , with reference to the example cell tower - 40 triangulation techniques are based on the signal and / or 
specific RF Layer 3 data record 1802 of FIG . 18 after the message information ( e . g . , the Signal Power measurement 
data record has been parsed by the example data filter 324 that was received by the example data collector 104 ) con 
as described above , the example data filter 324 identifies any tained in respective ones of the grouped RF Layer 1 data 
RF Layer 1 data record having a Signal ID of “ 1 ” , “ 2 ” or “ 3 . ” records , along with the location information ( e . g . , the lati 
The example data filter 324 then identifies the message 45 tude and longitude at which the signal was received by the 
latitude and message longitude of any RF Layer 1 data example data collector 104 ) contained in the grouped RF 
record having such a matching Signal ID , and determines Layer 1 data records . Because the estimated location is 
whether the identified message latitude and message longi - based on the quantity and quality of the RF Layer 1 data 
tude of the RF Layer 1 data record corresponds to a location points being available for triangulation , the estimated loca 
that is within a threshold distance ( e . g . , one mile ) of the 50 tion may demonstrate significant location error relative to 
location corresponding to the latitude " X1 " and the longi - the actual physical location of the cell tower for which the 
tude “ Y1 ” that the data filter 324 identifies from parsing the estimated location is being provided . 
example cell tower - specific RF Layer 3 data record 1802 . If Following the execution of blocks 2002 - 2004 of the 
the RF Layer 1 data record is within the threshold distance , sub - process 608B described above in connection with the 
the example data filter 324 removes and / or filters out the RF 55 processing of RF Layer 1 data records as described in 
Layer 1 data record such that the data record will not be connection with the flowchart of FIG . 20 , the sub - process 
considered by the example data analyzer 322 when the 608B returns to block 608 of the example program 600 of 
example data analyzer 322 processes the lower - ranking RF FIG . 6 , and the example program 600 then proceeds to block 
Layer 1 data records . If the RF Layer 1 data record is not 610 . 
within the threshold distance , the example data filter 324 60 Returning to the example flowchart of FIG . 6 , blocks 608 , 
foregoes filtering the RF Layer 1 data record such that the 610 , 612 and 614 of the example program 600 will continue 
data record will be considered by the example data analyzer to execute in a cyclical manner as described above until the 
322 when the example data analyzer 322 processes the example data analyzer 322 and / or the example location 
lower - ranking data records . estimator 124 of FIG . 3 determines , at block 610 , that no 

Following the execution of blocks 1902 - 1912 of the 65 additional data records are available from a lower - ranked 
sub - process 614 described above in connection the flowchart source . Once the example data analyzer 322 and / or the 
of FIG . 19 , the sub - process 614 returns to block 614 of the location estimator 124 has made such a determination at 
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block 610 , the example program 600 proceeds to block 616 324 , filters out data obtained from a lower - ranking data 
where the example report generator 326 of FIG . 3 generates source ( e . g . , an RF Layer 1 data source ) that relates to a 
an estimated location report for the cell towers ( e . g . , the particular cell tower for which the example location estima 
example cell towers 110 , 112 , 114 , 116 , 118 of FIG . 1 ) tor 124 has already generated a location estimation based on 
residing within the area of interest ( e . g . , the example area of 5 data obtained from a higher - ranking data source ( e . g . , an RF 
interest 106 of FIG . 1 ) based on the estimated locations Layer 3 data source ) . For example , FIG . 23 illustrates the 
determined by the example location estimator 124 ( block example estimated locations shown in FIG . 22 that were 
616 ) . based solely on RF Layer 1 data sources after those example 

By incrementally processing data obtained from different estimated locations have been filtered by the example data 
types of data sources , the example data analyzer 322 , and / or , 10 filter 324 so as to avoid and / or otherwise prevent duplication 
more generally , the example location estimator 124 of FIG . of the example estimated locations shown in FIG . 21 that 
3 generates a set of location estimations for cell towers were based solely on the higher - ranking RF Layer 3 data 
residing in a particular area of interest , with the generated set sources . Accordingly , the location estimations 2210 , 2214 , 
of location estimations demonstrating a relatively higher 2218 appearing in FIG . 22 associated with corresponding 
degree of accuracy in comparison to corresponding sets of 15 ones of the example cell towers 110 , 114 and 118 , have been 
location estimations based on only one type of data source filtered out and do not appear in FIG . 23 . The location 
For example , FIG . 21 illustrates a set of location estimations estimations 2212 , 2216 appearing in FIG . 22 , however , do 
for example cell towers within an example area of interest still appear in FIG . 23 , as those particular location estima 
based only on data collected from RF Layer 3 sources . FIG . tion are respectively associated with the example cell towers 
21 is derived from the example cell towers 110 , 112 , 114 , 20 112 and 116 from which , as shown and described above in 
116 , 118 located within the example area of interest 106 of connection with FIG . 21 , RF Layer 3 data was not available 
FIG . 1 . In the illustrated example of FIG . 21 , RF Layer 3 and RF Layer 3 - based location estimations were not pro 
signals including RF Layer 3 data and / or messages are vided . 
transmitted by the example cell towers 110 , 114 and 116 . Once the lower - ranking data has been filtered , the 
However , as a result of blocking or masking , RF Layer 3 25 example location estimator 124 of FIGS . 1 and / or 3 gener 
signals including RF Layer 3 data and / or messages are not ates a combined set of location estimations based on the 
transmitted by either of the example cell towers 112 or 116 . collected and processed data associated with the higher 
Accordingly , the example location estimator 124 of FIGS . 1 ranking source ( e . g . , RF Layer 3 data ) and the collected , 
and / or 3 , if it were to rely solely on data collected from the filtered and processed data associated with the lower - rank 
example RF Layer 3 signal transmitting cell towers , would 30 ing source ( e . g . , RF Layer 1 data ) . For example , FIG . 24 
generate highly accurate location estimations 2110 , 2114 , illustrates a set of location estimations for the example area 
2118 for corresponding ones of the example cell towers 110 , of interest 106 derived by combining the example RF Layer 
114 and 118 , but would fail to generate any location esti - 3 - based estimated locations 2110 , 2114 , 2118 shown in FIG . 
mations for either of the example cell towers 112 or 116 . In 21 with the example filtered RF Layer 1 - based estimated 
such a scenario , the location estimator 124 has only provided 35 locations 2212 , 2216 shown in FIG . 23 . The set of combined 
location estimations for three out of the five cell towers that location estimations illustrated in FIG . 24 demonstrates an 
actually reside within the example area of interest 106 , thus overall increased accuracy relative to the location estima 
making the set of location estimates for the area of interest tions that were generated based on just one type of data 
106 inaccurate to a certain degree . source , as shown and described in connection with FIGS . 21 

Similar inaccuracies would result if the example location 40 and 22 . For example , the set of location estimations shown 
estimator 124 of FIGS . 1 and / or 3 were to rely solely on data in FIG . 24 includes location estimations 2110 , 2212 , 2114 , 
collected from RF Layer 1 data sources . For example , FIG . 2216 , 2118 for all of the corresponding example cell towers 
22 illustrates a set of location estimations for example cell 110 , 112 , 114 , 116 , 118 that actually reside in the example 
towers within an example area of interest based only on data area of interest 106 , whereas the location estimations 2110 , 
collected from RF Layer 1 sources . Like FIG . 21 , FIG . 22 is 45 2114 , 2118 shown in FIG . 21 accounted only for the example 
derived from the example cell towers 110 , 112 , 114 , 116 , 118 cell towers 110 , 114 and 118 . Furthermore , the set of 
located within the example area of interest 106 of FIG . 1 . In location estimations shown in FIG . 24 provides highly 
the illustrated example of FIG . 21 , RF Layer 1 signals accurate RF Layer 3 - based location estimations 2110 , 2114 , 
including RF Layer 1 data and / or messages are transmitted 2118 for corresponding ones of the example cell towers 110 , 
by each of the example cell towers 110 , 112 , 114 , 116 and 50 114 and 118 residing in the example area of interest 106 , 
118 . While the example location estimator 124 , if it were to whereas the location estimations 2210 , 2214 , 2218 shown in 
rely solely on data collected from the example RF Layer 1 FIG . 22 provided less accurate RF Layer 1 - based location 
signal transmitting cell towers , would generate location estimations for those same example cell towers 110 , 114 and 
estimations 2210 , 2212 , 2214 , 2216 , 2218 for corresponding 118 . Thus , the example location estimator 124 , and / or , more 
ones of the example cell towers 110 , 112 , 114 , 116 and 118 , 55 generally , the example location estimation system 300 , 
the location estimates demonstrate significant location errors generates a set of location estimations for cell towers 
as a result of the location estimates being generated by residing in a particular area of interest , wherein the gener 
triangulation methodologies , thus making the set of location ated set of location estimations demonstrates a higher degree 
estimates for the area of interest 106 inaccurate to a certain of accuracy in comparison to corresponding sets of location 
degree . 60 estimations based on only one type of data source 

In contrast to the aforementioned examples described in FIGS . 25 and 26 are illustrations of example reports that 
connection with FIGS . 21 and 22 , the example location may be generated by the example report generator 326 of 
estimator 124 of FIGS . 1 and / or 3 generates a set of location FIG . 3 . In the illustrated examples of FIGS . 25 and 26 , the 
estimations for the example area of interest 106 of FIG . 1 example reports are based on the example estimated loca 
based on multiple types of data sources . To further increase 65 tions described above in connection with FIG . 24 . The 
the accuracy of the generated location estimations , the example report 2500 of FIG . 25 includes , in graphical form , 
example location estimator 124 , via the example data filter an example map 2502 corresponding to the example area of 
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interest 106 ( FIG . 1 ) showing the relative estimated loca such as an Ethernet interface , a universal serial bus ( USB ) , 
tions 2110 , 2212 , 2114 , 2216 , 2118 for corresponding ones and / or a PCI express interface . 
of the example cell towers 110 , 112 , 114 , 116 , 118 residing In the illustrated example , one or more input devices 2724 
in the example area of interest 106 of FIG . 1 . The example are connected to the interface circuit 2722 . The input 
map 2502 includes one or more horizontal lines 2504 , 2506 , 5 device ( s ) 2724 permit ( s ) a user to enter data and commands 
2508 indicative of latitudes within the example area of into the processor 2712 . The input device ( s ) can be imple 
interest 106 , as well as one or more vertical lines 2510 , 2512 , mented by , for example , a keyboard , a mouse , a touchscreen , 2514 indicative of longitudes within the example area of a track - pad , a trackball , isopoint and / or a voice recognition interest 106 . The example report 2500 further includes an system . example legend 2516 containing information by which the 10 One or more output devices 2726 are also connected to the type of data source associated with each estimated location interface circuit 2722 of the illustrated example . The output marked on the example map 2502 can be determined . For 
example , the legend 2516 of FIG . 25 indicates that estimated devices 2726 can be implemented , for example , by display 
locations marked with a star - shaped symbol in the example devices ( e . g . , a liquid crystal display , a cathode ray tube 
map 2502 are associated with an RF Layer 3 data source , 15 display ( CRT ) , a touchscreen , a printer and / or speakers ) . The 
while estimated locations marked with a triangle - shaped interface circuit 2722 of the illustrated example , thus , typi 
symbol in the example map 2502 are associated with an RF cally includes a graphics driver card , a graphics driver chip 
Layer 1 data source . or a graphics driver processor . 

The example report 2600 of FIG . 26 includes information The interface circuit 2722 of the illustrated example also 
that is the same as and / or similar to the information shown 20 includes a communication device such as a transmitter , a 
in FIG . 25 , the primary difference being that the example receiver , a transceiver , a modem and / or network interface 
report 2600 provides the information in textual , as opposed card to facilitate exchange of data with external machines 
to graphical , form . As shown in FIG . 26 , the example report ( e . g . , computing devices of any kind ) via a network 2728 
2600 includes a description of the example area of interest ( e . g . , an Ethernet connection , a digital subscriber line 
106 , identifications ( e . g . , Tower IDs ) of the example cell 25 ( DSL ) , a telephone line , coaxial cable , a cellular telephone 
towers 110 , 112 , 114 , 116 , 118 residing within the example system , etc . ) . 
area of interest 106 , identifications of example estimated The processor platform 2700 of the illustrated example 
locations ( e . g . , latitudes and longitudes ) associated with the also includes one or more mass storage devices 2730 for 
identified example cell towers , and identifications of the storing software and / or data . Examples of such mass storage 
type of data source ( e . g . , RF Layer 3 ) from which the 30 devices 2730 include floppy disk drives , hard drive disks , 
estimated locations were generated . compact disk drives , Blu - ray disk drives , RAID systems , 

While the example reports 2500 , 2600 shown in FIGS . 25 and digital versatile disk ( DVD ) drives . 
and 26 are illustrated as being of specific forms , reports The coded instructions 400 of FIG . 4 may be stored in the 
generated by the example report generator 326 may be of mass storage device 2730 , in the volatile memory 2716 , in 
any form and / or file type , and may contain more or less 35 the non - volatile memory 2718 , and / or on a removable 
information than what is illustrated in connection with the tangible computer readable storage medium 2732 such as a 
example reports 2500 , 2600 of FIGS . 25 and 26 . CD or DVD . 

FIG . 27 is a block diagram of an example processor FIG . 28 is a block diagram of an example processor 
platform 2700 capable of executing the instructions of FIG . platform 2800 capable of executing the instructions of FIGS . 
4 to implement the example mobile unit 102 of FIGS . 1 and 40 6 , 12 , 19 and / or 20 to implement the example central data 
3 . The processor platform 2700 can be , for example , a facility 120 of FIGS . 1 and / or 3 . The processor platform 
server , a personal computer , a smartphone , or any other type 2800 can be , for example , a server , a personal computer , or 
of computing device . any other type of computing device . 

The processor platform 2700 of the illustrated example The processor platform 2800 of the illustrated example 
includes a processor 2712 . The processor 2712 of the 45 includes a processor 2812 . The processor 2812 of the 
illustrated example is hardware . For example , the processor illustrated example is hardware . For example , the processor 
2712 can be implemented by one or more integrated circuits , 2812 can be implemented by one or more integrated circuits , 
logic circuits , microprocessors or controllers from any logic circuits , microprocessors or controllers from any 
desired family or manufacturer . desired family or manufacturer . 

The processor 2712 of the illustrated example includes the 50 The processor 2812 of the illustrated example includes the 
example data collector 104 of FIGS . 1 and / or 3 . The example data classifier 122 and the example location esti 
processor 2712 also includes a local memory 2714 ( e . g . , a mator 124 of FIGS . 1 and 3 . The processor 2812 also 
cache ) . The processor 2712 of the illustrated example is in includes a local memory 2814 ( e . g . , a cache ) . The processor 
communication with a main memory including a volatile 2812 of the illustrated example is in communication with a 
memory 2716 and a non - volatile memory 2718 via a bus 55 main memory including a volatile memory 2816 and a 
2720 . The volatile memory 2716 may be implemented by non - volatile memory 2818 via a bus 2820 . The volatile 
Synchronous Dynamic Random Access Memory ( SDRAM ) , memory 2816 may be implemented by Synchronous 
Dynamic Random Access Memory ( DRAM ) , RAMBUS Dynamic Random Access Memory ( SDRAM ) , Dynamic 
Dynamic Random Access Memory ( RDRAM ) and / or any Random Access Memory ( DRAM ) , RAMBUS Dynamic 
other type of random access memory device . The non - 60 Random Access Memory ( RDRAM ) and / or any other type 
volatile memory 2718 may be implemented by flash of random access memory device . The non - volatile memory 
memory and / or any other desired type of memory device . 2818 may be implemented by flash memory and / or any other 
Access to the main memory 2716 , 2718 is controlled by a desired type of memory device . Access to the main memory 
memory controller . 2816 , 2818 is controlled by a memory controller . 

The processor platform 2700 of the illustrated example 65 The processor platform 2800 of the illustrated example 
also includes an interface circuit 2722 . The interface circuit also includes an interface circuit 2822 . The interface circuit 
2722 may be implemented by any type of interface standard , 2822 may be implemented by any type of interface standard , 
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such as an Ethernet interface , a universal serial bus ( USB ) , data source , identifying , with the processor , an estimated 
and / or a PCI express interface . location for respective ones of the cell towers based on data 

In the illustrated example , one or more input devices 2824 collected from the lower - ranking data source . 
are connected to the interface circuit 2822 . The input In some examples , the data collected from the higher 
device ( s ) 2824 permit ( s ) a user to enter data and commands 5 ranking data source includes RF Layer 3 data . In some 
into the processor 2812 . The input device ( s ) can be imple examples , the RF Layer 3 data includes a latitude and a 
mented by , for example , a keyboard , a mouse , a touchscreen , longitude , the latitude and the longitude both being associ 
a track - pad , a trackball , isopoint and / or a voice recognition ated with a transmitter of a cell tower . In some examples , the 
system . data collected from the lower - ranking data source includes 
One or more output devices 2826 are also connected to the 10 RF Layer 1 data . In some examples , identifying the esti 

interface circuit 2822 of the illustrated example . The output mated location for respective ones of the cell towers based 
devices 2826 can be implemented , for example , by display on data collected from the lower - ranking data source 
devices ( e . g . , a liquid crystal display , a cathode ray tube includes applying a triangulation technique to signal infor 
display ( CRT ) , a touchscreen , a printer and / or speakers ) . The mation contained in the RF Layer 1 data . In some examples , 
interface circuit 2822 of the illustrated example , thus , typi - 15 the method includes prior to identifying the estimated loca 
cally includes a graphics driver card , a graphics driver chip t ion for respective ones of the cell towers based on data 
or a graphics driver processor . collected from the lower - ranking data source , filtering out 

The interface circuit 2822 of the illustrated example also data collected from the lower - ranking data source that is 
includes a communication device such as a transmitter , a associated with respective ones of the cell towers for which 
receiver , a transceiver , a modem and / or network interface 20 an estimated location has already been identified based on 
card to facilitate exchange of data with external machines data collected from the higher - ranking data source . 
( e . g . , computing devices of any kind ) via a network 2828 In some examples , the method includes generating a 
( e . g . , an Ethernet connection , a digital subscriber line report , the report including the identified estimated location 
( DSL ) , a telephone line , coaxial cable , a cellular telephone for respective ones of the cell towers based on data collected 
system , etc . ) . 25 from the higher - ranking data source , the report further 

The processor platform 2800 of the illustrated example including the identified estimated location for respective 
also includes one or more mass storage devices 2830 for ones of the cell towers based on data collected from the 
storing software and / or data . Examples of such mass storage lower - ranking data source . 
devices 2830 include floppy disk drives , hard drive disks , An example system for estimating locations of cell tow 
compact disk drives , Blu - ray disk drives , RAID systems , 30 ers , the system includes a source ranker to : rank a first data 
and digital versatile disk ( DVD ) drives . source having a first accuracy relative to a second data 

The coded instructions 600 of FIGS . 6 , 12 , 19 and / or 20 source having a second accuracy ; and identify , based on the 
may be stored in the mass storage device 2830 , in the ranking of the first data source relative to the second data 
volatile memory 2816 , in the non - volatile memory 2818 , source , a higher - ranking data source and a lower - ranking 
and / or on a removable tangible computer readable storage 35 data source ; and a location estimator to : identify an esti 
medium 2832 such as a CD or DVD . mated location for respective ones of the cell towers based 

From the foregoing , it will be appreciated that by incre - on data collected from the higher - ranking data source ; and 
mentally processing data obtained from different types of when an estimated location for respective ones of the cell 
data sources , the above disclosed methods , apparatus and towers has not already been identified based on data col 
articles of manufacture advantageously generate a set of 40 lected from the higher - ranking data source , identify an 
location estimations for cell towers residing in a particular estimated location for respective ones of the cell towers 
area of interest , with the generated set of location estima - based on data collected from the lower - ranking data source . 
tions demonstrating a relatively higher degree of accuracy in In some examples , the data collected from the higher 
comparison to corresponding sets of location estimations ranking data source includes RF Layer 3 data . In some 
based on only one type of data source . As a result of the 45 example , the RF Layer 3 data includes a latitude and a 
heightened accuracy demonstrated by the location estima - longitude , the latitude and the longitude both being associ 
tions generated by the above disclosed methods , apparatus ated with a transmitter of a cell tower . In some examples , the 
and articles of manufacture , the generated location estima - data collected from the lower - ranking data source includes 
tions more accurately reflect the true configuration and / or RF Layer 1 data . In some examples , the location estimator , 
layout of a service provider ' s network , thus making the 50 when identifying the estimated location for respective ones 
generated location estimations more valuable not only to the of the cell towers based on data collected from the lower 
service provider that owns and / or operates the cell towers ranking data source , is to apply a triangulation technique to 
and / or cellular network of interest , but to third - party entities signal information contained in the RF Layer 1 data . In some 
( e . g . , a competing service provider , or an information col examples , the system includes a data filter to , prior to 
lection / measurement company ) as well . 55 identifying the estimated location for respective ones of the 
An example computer implemented method for estimat - cell towers based on data collected from the lower - ranking 

ing locations of cell towers includes ranking , with a proces data source , filter out data collected from the lower - ranking 
sor , a first data source having a first accuracy relative to a data source that is associated with respective ones of the cell 
second data source having a second accuracy ; identifying , towers for which an estimated location has already been 
with the processor , based on the ranking of the first data 60 identified based on data collected from the higher - ranking 
source relative to the second data source , a higher - ranking data source . In some examples , the system includes a report 
data source and a lower - ranking data source ; identifying , generator to generate a report , the report including the 
with the processor , an estimated location for respective ones identified estimated location for respective ones of the cell 
of the cell towers based on data collected from the higher towers based on data collected from the higher - ranking data 
ranking data source ; and when an estimated location for 65 source , the report further including the identified estimated 
respective ones of the cell towers has not already been location for respective ones of the cell towers based on data 
identified based on data collected from the higher - ranking collected from the lower - ranking data source . 
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An example tangible computer readable storage medium RF Layer 1 data . In some examples , identifying the esti 
comprising computer readable instructions for estimating mated location for respective ones of the cell towers based 
locations of cell towers , wherein the instructions , when on data collected from the lower - ranking data source 
executed , cause a processor to at least : rank a first data includes applying a triangulation technique to signal infor 
source having a first accuracy relative to a second data 5 mation contained in the RF Layer 1 data . In some examples , 
source having a second accuracy ; identify , based on the the method includes prior to identifying the estimated loca 
ranking of the first data source relative to the second data t ion for respective ones of the cell towers based on data 
source , a higher - ranking data source and a lower - ranking collected from the lower - ranking data source , filtering out 
data source ; identify an estimated location for respective data collected from the lower - ranking data source that is 
ones of the cell towers based on data collected from the 10 associated with respective ones of the cell towers for which 
higher - ranking data source ; and when an estimated location an estimated location has been identified based on data 
for respective ones of the cell towers has not already been collected from the higher - ranking data source . 
identified based on data collected from the higher - ranking An example system for estimating locations of cell tow 
data source , identify an estimated location for respective ers , the system comprising : a source ranker to : rank a first 
ones of the cell towers based on data collected from the 15 data source having a first accuracy relative to a second data 
lower - ranking data source . source having a second accuracy ; and identify , based on the 

In some examples , the data collected from the higher - ranking of the first data source relative to the second data 
ranking data source includes RF Layer 3 data . In some source , a higher - ranking data source and a lower - ranking 
examples , the RF Layer 3 data includes a latitude and a data source ; a location estimator to : identify an estimated 
longitude , the latitude and the longitude both being associ - 20 location for respective ones of the cell towers based on data 
ated with a transmitter of a cell tower . In some examples , the collected from the higher - ranking data source ; and when an 
data collected from the lower - ranking data source includes estimated location for respective ones of the cell towers has 
RF Layer 1 data . In some examples , the instructions are not been identified based on data collected from the higher 
further to cause the processor to at least , when identifying ranking data source , identify an estimated location for 
the estimated location for respective ones of the cell towers 25 respective ones of the cell towers based on data collected 
based on data collected from the lower - ranking data source , from the lower - ranking data source ; and a report generator 
apply a triangulation technique to signal information con - to generate a report , the report including the identified 
tained in the RF Layer 1 data . In some examples , the estimated location for respective ones of the cell towers . 
instructions are further to cause the processor to at least , In some examples , the data collected from the higher 
prior to identifying the estimated location for respective 30 ranking data source includes RF Layer 3 data . In some 
ones of the cell towers based on data collected from the examples , the RF Layer 3 data includes a latitude and a 
lower - ranking data source , filter out data collected from the longitude , the latitude and the longitude both being associ 
lower - ranking data source that is associated with respective ated with a transmitter of a cell tower . In some examples , the 
ones of the cell towers for which an estimated location has data collected from the lower - ranking data source includes 
already been identified based on data collected from the 35 RF Layer 1 data . In some examples , the location estimator , 
higher - ranking data source . In some examples , the instruc - when identifying the estimated location for respective ones 
tions are further to cause the processor to at least generate a of the cell towers based on data collected from the lower 
report , the report including the identified estimated location ranking data source , is to apply a triangulation technique to 
for respective ones of the cell towers based on data collected signal information contained in the RF Layer 1 data . In some 
from the higher - ranking data source , the report further 40 examples , the system includes a data filter to , prior to 
including the identified estimated location for respective identifying the estimated location for respective ones of the 
ones of the cell towers based on data collected from the cell towers based on data collected from the lower - ranking 
lower - ranking data source . data source , filter out data collected from the lower - ranking 

An example computer implemented method for estimat - data source that is associated with respective ones of the cell 
ing locations of cell towers includes ranking , with a source 45 towers for which an estimated location has been identified 
ranker , a first data source having a first accuracy relative to based on data collected from the higher - ranking data source . 
a second data source having a second accuracy ; identifying An example tangible computer readable storage medium 
based on the ranking of the first data source relative to the comprising computer readable instructions for estimating 
second data source , a higher - ranking data source and a locations of cell towers , wherein the instructions , when 
lower - ranking data source ; identifying , with a location esti - 50 executed , cause a processor to at least : rank a first data 
mator , an estimated location for respective ones of the cell source having a first accuracy relative to a second data 
towers based on data collected from the higher - ranking data source having a second accuracy ; identify , based on the 
source ; when an estimated location for respective ones of the ranking of the first data source relative to the second data 
cell towers has not been identified based on data collected source , a higher - ranking data source and a lower - ranking 
from the higher - ranking data source , identifying , with the 55 data source ; identify an estimated location for respective 
location estimator , an estimated location for respective ones ones of the cell towers based on data collected from the 
of the cell towers based on data collected from the lower - higher - ranking data source ; when an estimated location for 
ranking data source , wherein at least one of the source respective ones of the cell towers has not been identified 
ranker or the location estimator includes a processor ; and based on data collected from the higher - ranking data source , 
generating a report , the report including the identified esti - 60 identify an estimated location for respective ones of the cell 
mated location for respective ones of the cell towers . towers based on data collected from the lower - ranking data 

In some examples , the data collected from the higher source ; and generate a report , the report including the 
ranking data source includes RF Layer 3 data . In some identified estimated location for respective ones of the cell 
examples , the RF Layer 3 data includes a latitude and a towers . 
longitude , the latitude and the longitude both being associ - 65 In some examples , the data collected from the higher 
ated with a transmitter of a cell tower . In some examples , the ranking data source includes RF Layer 3 data . In some 
data collected from the lower - ranking data source includes examples , the RF Layer 3 data includes a latitude and a 
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longitude , the latitude and the longitude both being associ fying , with the processor , estimated locations for 
ated with a transmitter of a cell tower . In some examples , the respective ones of the cell towers based on data col 
data collected from the lower - ranking data source includes lected from a lower - ranking data source ; and 
RF Layer 1 data . In some examples , the instructions are communicating the identified locations for the respective further to cause the processor to at least , when identifying 5 
the estimated location for respective ones of the cell towers ones of the cell towers . 
based on data collected from the lower - ranking data source , 7 . A method as defined in claim 6 , wherein the RF Layer 
apply a triangulation technique to signal information con - 3 data includes a latitude and a longitude , the latitude and the 
tained in the RF Layer 1 data . In some examples , the longitude both being associated with a transmitter of a cell 
instructions are further to cause the processor to at least , 10 tower . 
prior to identifying the estimated location for respective 8 . A computer implemented method for estimating loca 
ones of the cell towers based on data collected from the tions of cell towers , the method comprising : lower - ranking data source , filter out data collected from the 
lower - ranking data source that is associated with respective identifying , with a processor , estimated locations for 
ones of the cell towers for which an estimated location has 15 respective ones of the cell towers based on data col 
been identified based on data collected from the higher lected from a higher - ranking data source including RF 
ranking data source . Layer 3 data , the RF Layer 3 data includes a latitude 

Although certain example methods , apparatus and articles and a longitude associated with a transmitter of a cell 
of manufacture have been disclosed herein , the scope of tower ; 
coverage of this patent is not limited thereto . On the con - 20 when estimated locations for respective ones of the cell 
trary , this patent covers all methods , apparatus and articles towers have not already been identified based on data 
of manufacture fairly falling within the scope of the claims collected from the higher - ranking data source , identi 
of this patent . fying , with the processor , estimated locations for 
What is claimed is : respective ones of the cell towers based on data col 
1 . A computer implemented method for estimating loca - 25 lected from a lower - ranking data source including RF 

tions of cell towers , the method comprising : Layer 1 data by applying a triangulation technique to 
identifying , with a processor , estimated locations for signal information contained in the RF Layer 1 data ; 

respective ones of the cell towers based on data col and 
lected from a higher - ranking data source ; filtering out data collected from the lower - ranking data when estimated locations for respective ones of the cell 30 source that is associated with respective ones of the cell 
towers have not been identified based on data collected towers for which the estimated locations have already from the higher - ranking data source , identifying , with been identified based on data collected from the higher the processor , estimated locations for respective ones of ranking data source ; and 
the cell towers based on data collected from a lower 
ranking data source ; and communicating the identified locations for the respective 

communicating the identified locations for the respective ones of the cell towers . 
ones of the cell towers . 9 . A system for estimating locations of cell towers , the 

2 . The method as defined in claim 1 , wherein the data system comprising : 
collected from the lower - ranking data source includes RF a location estimator to : 
Layer 1 data . 40 

3 . A method as defined in claim 2 , wherein identifying the identify estimated locations for respective ones of the 
cell towers based on data collected from a higher estimated locations for respective ones of the cell towers ranking data source ; based on data collected from the lower - ranking data source 

includes applying a triangulation technique to signal infor when estimated locations for respective ones of the cell 
mation contained in the RF Layer 1 data . 45 towers have not been identified based on data col 

4 . The method of claim 1 , wherein the communicating of lected from the higher - ranking data source , identify 
the identified locations for the respective ones of the cell estimated locations for respective ones of the cell 
towers includes generating a report , the report including the towers based on data collected from a lower - ranking 
identified estimated locations for the respective ones of the data source ; and 

cell towers based on data collected from the higher - ranking 50 a communicator to communicate the identified locations 
data source , the report further including the identified esti for the respective ones of the cell towers . 
mated locations for respective ones of the cell towers based 10 . A system as defined in claim 9 , wherein the data on data collected from the lower - ranking data source . collected from the higher - ranking data source includes RF 

5 . A method as defined in claim 1 , wherein the data from Layer 3 data . the higher - ranking data source includes first time stamps and 55 
associated first locations and the data from the lower 11 . A system as defined in claim 10 , wherein the RF Layer 
ranking data source includes second time stamps and asso d time stamns and asse 3 data includes a latitude and a longitude , the latitude and the 
ciated second locations . longitude both being associated with a transmitter of a cell 

6 . A computer implemented method for estimating loca - tower . 
tions of cell towers , the method comprising : 60 12 . A system as defined in claim 9 , wherein the commu 

identifying , with a processor , estimated locations for n icator includes a report generator to generate a report , the 
respective ones of the cell towers based on data col - report including the identified estimated locations for 
lected from a higher - ranking data source including RF respective ones of the cell towers based on data collected 
Layer 3 data ; from the higher - ranking data source , the report further 

when estimated locations for respective ones of the cell 65 including the identified estimated locations for respective 
towers have not already been identified based on data ones of the cell towers based on data collected from the 
collected from the higher - ranking data source , identi - lower - ranking data source . 
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13 . A system for estimating locations of cell towers , the 18 . A storage medium as defined in claim 17 , wherein the 

system comprising : instructions are further to cause the processor to at least , 
a location estimator to : when identifying the estimated location for respective ones 

identify estimated locations for respective ones of the of the cell towers based on data collected from the lower 
cell towers based on data collected from a higher - 5 ranking data source , apply a triangulation technique to 
ranking data source ; signal information contained in the RF Layer 1 data . 

when estimated locations for respective ones of the cell 19 . A storage medium as defined in claim 16 , wherein the 
towers have not already been identified based on data instructions are further to cause the processor to at least filter collected from the higher - ranking data source , iden out data collected from the lower - ranking data source that is tify estimated locations for respective ones of the cell 10 
towers based on data collected from a lower - ranking associated with respective ones of the cell towers for which 

an estimated location has already been identified based on data source including RF Layer 1 data ; and data collected from the higher - ranking data source . a communicator to communicate the identified locations 
for the respective ones of the cell towers . 20 . A tangible computer readable storage medium com 

14 . A system as defined in claim 13 . wherein the location 15 prising computer readable instructions for estimating loca 
estimator . when identifying the estimated locations for tions of cell towers , wherein the instructions , when 
respective ones of the cell towers based on data collected executed , cause a processor to at least : 
from the lower - ranking data source , is to apply a triangula identify estimated locations for respective ones of the cell 
tion technique to signal information contained in the RF towers based on data collected from a higher - ranking 
Layer 1 data . data source including RF Layer 3 data ; 

15 . A system for estimating location of cell towers , the when an estimated location for respective ones of the cell 
system comprising : towers has not already been identified based on data 

a location estimator to : collected from the higher - ranking data source , identify 
identify estimated locations for respective ones of the an estimated location for respective ones of the cell 

cell towers based on data collected from a higher - 25 towers based on data collected from a lower - ranking 
ranking data source including RF Layer 3 data , the data source ; and 
RF Layer 3 data includes a latitude and a longitude communicate the identified locations for the respective 
being associated with a transmitter of a cell tower ; ones of the cell towers . when estimated locations for respective ones of the cell 21 . A storage medium as defined in claim 20 , wherein the towers have not already been identified based on data 30 RE RF Layer 3 data includes a latitude and a longitude , the collected from the higher - ranking data source , iden latitude and the longitude both being associated with a tify estimated locations for respective ones of the cell 
towers based on data collected from a lower - ranking transmitter of a cell tower . 

22 . A tangible computer readable storage medium com data source including RF Layer 1 data by applying a 
triangulation technique to signal information con - 35 prising computer readable instructions for estimating loca 
tained in the RF Layer 1 data ; tions of cell towers , wherein the instructions , when 

a data filter to filter out data collected from the lower executed , cause a processor to at least : 
ranking data source that is associated with respective identify estimated locations for respective ones of the cell 
ones of the cell towers for which estimated locations towers based on data collected from a higher - ranking 
have already been identified based on data collected 40 data source including RF Layer 3 data , the RF Layer 3 
from the higher - ranking data source ; and data includes a latitude and a longitude being associ 

a communicator to communicate the identified locations ated with a transmitter of a cell tower ; 
for the respective ones of the cell towers . when an estimated location for respective ones of the cell 

16 . A tangible computer readable storage medium com towers has not already been identified based on data 
prising computer readable instructions for estimating loca - 45 collected from the higher - ranking data source , identify 
tions of cell towers , wherein the instructions , when an estimated location for respective ones of the cell 
executed , cause a processor to at least : towers based on data collected from a lower - ranking identify estimated locations for respective ones of the cell data source including RF Layer 1 data by applying a 

towers based on data collected from a higher - ranking triangulation technique to signal information contained 
data source ; in the RF Layer 1 data ; when an estimated location for respective ones of the cell communicate the identified locations for the respective towers has not been identified based on data collected ones of the cell towers ; and from the higher - ranking data source , identify an esti generate a report , the report including the identified mated location for respective ones of the cell towers estimated location for respective ones of the cell towers based on data collected from a lower - ranking data 55 based on data collected from the higher - ranking data source ; and 

communicate the identified locations for the respective source , the report further including the identified esti 
mated location for respective ones of the cell towers ones of the cell towers . 

17 . A storage medium as defined in claim 16 wherein the based on data collected from the lower - ranking data 
data collected from the lower - ranking data source includes 60 source . 

RF Layer 1 data . 

50 
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