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(57) ABSTRACT 

A system and method modifies calibration data used to geo­
locate a mobile station. Calibration data measured via a cali­
bration data collection device may contain errors due to the 
physical limitations of the collection device and/or the col­
lection process. Any data collection device may produce 
some degree of signal degradation or drop-out. Dead reckon­
ing provides a remedy for signal drop-out, however, it often 
produces data results that may be unsatisfactory to perform an 
accurate location estimate. To ensure the integrity of the 
collected calibration data, a data modification and/or data 
replacement algorithm may be implemented to enhance the 
accuracy of the collected data. In addition, current collection 
procedures used to generate a calibration database may be 
laborious, time-consuming and expensive. Simplifying the 
test and measurement equipment needed, and the procedures 
for obtaining calibration data may save time and expenses. 
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SYSTEM AND METHOD TO COLLECT AND 
MODIFY CALIBRATION DATA 

CROSS REFERENCES 

2 
ensure the integrity of the calibration data after it has been 
collected, a data modification and/or data replacement algo­
rithm may be implemented to enhance the accuracy of the 
collected data. Enhancing the collected calibration data may 

5 reduce the chances of errors occurring during a subsequent 
location process. Additionally, generating a calibration data­
base using enhanced collection procedures may simplify the 
collection process. 

The present application is a continuation of U.S. patent 
application Ser. No. 12/026,372, entitled "System and 
Method to Collect and Modify Calibration Data", filed 5 Feb. 
2008 which claims priority benefit to and is related to provi­
sional application No. 60/899,379 entitled "Mobile Location 10 

Using Network Measurement Reports" filed on Feb. 5, 2007, 
each of which are hereby incorporated by reference in their 
entirety. 

One embodiment of the present subject matter is a method 
for generating a calibration database that may be used to 
locate a mobile station. The method may include obtaining 
location data from a plurality of geographic locations within 
a region and providing a location information database which 

BACKGROUND 

The use of wireless communication devices such as tele­
phones, pagers, personal digital assistants, laptop computers, 
etc., hereinafter referred to collectively as "mobile appli­
ances" or "mobiles stations" has become prevalent in today's 
society. In recent years, at the urging of public safety groups, 
there has been increased interest in technology which can 
determine the geographic position or "geo-locate" a mobile 
station in certain circumstances. 

Estimating the location of a mo bile station may require one 
or more types of calibration data associated with the mobile 
station ( e.g., signal strength, round trip time, time difference 
of arrival (TDOA), ground truth data, etc.). Determining pre­
cise ground truth measurements is important when generating 
an accurate calibration database. Without accurate ground 
truth information, the calibration database will contain sig­
nificant errors which will in tum be reflected by poor location 
estimates. Any device used to retrieve ground truth data may 
produce some degree of signal degradation or drop-out. In the 
case of a GPS receiver used to collect ground truth data, 
degradation or drop-out could occur, for example, due to poor 
satellite visibility or high dilution of precision (DOP). 

Referring to FIG. 1, a vehicle 40 may be configured with a 
collection device 45 to collect calibration data. Once calibra­
tion data has been obtained, it may be stored locally in an 
internal memory of the collection device 45, or the data may 
be transmitted to a receiving base station 60, where the data is 
stored in a calibration database 50. 

15 includes latitude and longitude information fore each of a 
plurality of points within the region. The method may also 
include determining two points in proximity to one of the 
plural geographic locations, interpolating between the two 
points to determine a third point, and entering the location of 

20 the third point in the calibration database. 

Another embodiment of the present subject matter is 
method for generating a calibration database employing a 
wireless device in a region that contains plural streets and 

25 intersections of the plural streets. The method may include 
obtaining location data of a plurality of geographic locations 
situated within a region from the wireless device and provid­
ing a location information database including latitude and 
longitude information for each of a plurality of points within 

30 the region. The method may also include determining a status 
of the wireless device, determining from the status a most 
likely street the wireless device is located for a first one of the 
plural geographic locations, and determining a first point of 
the plural points that is in proximity to said first geographic 

35 location. The method may then enter the first point in the 
calibration database. 

Another embodiment of the present subject matter is a 
system for generating a calibration database. The system may 

40 include a first database containing location data obtained at a 
plurality of geographic locations within a region and a loca­
tion information database which includes latitude and longi­
tude information for each of a plurality of points in the same 
region. The system may also include circuitry for determining The vehicle 40 may include a dead-reckoning device (not 

shown) to collect data during periods of signal degradation or 
drop-out. Such devices attempt to calculate the location of the 
vehicle when GPS location signaling obtained from a GPS 
satellite 70 becomes unavailable. Dead reckoning operates by 
estimating a location of a moving vehicle 40 using informa­
tion, such as, but not limited to, the last accurate GPS loca- 50 

tion, velocity of the vehicle 40 and may include other known 
information. 

45 points in the location information database that are in prox­
imity to a geographical location, circuitry for interpolating 
between the points to determine a third point, and circuitry for 
entering the third point in the calibration database. 

Another embodiment of the disclosed subject matter is a 
system for generating a calibration database in a region with 
plural streets and intersections using a wireless device. The 
system may include a wireless device for obtaining location 
data at geographic locations within a region and a location 

Dead reckoning schemes often produce data results that 
may be unsatisfactory when attempting to perform a location 
estimate. FIG. 2 illustrates an exemplary dead reckoning 55 

operation. Referring to FIG. 2, a vehicle's estimated position 

information database that includes latitude and longitude 
information for a plurality of points within the region. The 
system may also include circuitry for determining a status of 
the wireless device, circuitry for determining from the status 
which street the wireless device is situated upon for a geo-

is illustrated by the line (T) along the street. During a dead 
reckoning operation, there may be an increased chance of 
location error and the vehicle's estimated position (T) may be 
erroneous with respect to the actual position of the vehicle. 

Current collection procedures utilized to generate a cali­
bration database 50 may also be laborious, time-consuming 
and expensive. Simplifying the test and measurement equip­
ment (T&M) needed, and the procedures for obtaining cali­
bration data may save time and expenses. 

To increase the accuracy oflocation estimates, it is impor­
tant the collected calibration data be as precise as possible. To 

60 graphic location, circuitry for determining a first point proxi­
mate to the geographic location, and circuitry for entering the 
first point in the calibration database. 

These and other advantages of the disclosed subject matter 
over the prior art will be readily apparent to one skilled in the 

65 art to which the disclosure pertains from a perusal of the 
claims, the appended drawings, and the following detailed 
description of the preferred embodiments. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates an exemplary calibration data collection 
system. 

FIG. 2 illustrates an example of dead reckoning. 
FIG. 3 illustrates an example of location point position 

estimation. 
FIG. 4 illustrates another example of location point esti-

mation. 

4 
may demonstrate inconsistencies between a first street and a 
nearby street that may require clarification. The location 
information database may be selected to overlap the geo­
graphic area of the respective collected location data. The 

5 overlapped region may be designated by coordinates, street, 
town, Zip code or other geographic area descriptor. 

FIG. 5 illustrates a block diagram calibration data collec- 10 

Checking the integrity of each retrieved ground truth loca­
tion point may include matching each point to the closest 
street in the street database. In another example, a set of points 
may be matched to a particular street based on the proximity 
of a group of points. A location data point or set of location 
data points may be represented in a data vector( s ), where each 
data vector has at least one parameter associated with a par-

tion system. 
FIG. 6 illustrates an exemplary non-uniform grid (NUG) 

region (R). 
FIG. 7 illustrates a flow diagram according to an exemplary 

embodiment. 
FIG. 8 illustrates a flow diagram according to an embodi­

ment of the present subject matter. 
FIG. 9 illustrates a flow diagram according to another 

embodiment of the present subject matter. 

DETAILED DESCRIPTION 

Ground truth data observed from a data collection device 
(i.e., a GPS receiver) may be collected and stored in a cali­
bration database and compared to a street database to modify 
and enhance the calibration data for increased accuracy. 
Increasing the accuracy of the ground truth data may in turn 
provide more accurate location results. 

Calibration data may include a set oflocation data obtained 
by any of a variety of data collection devices and techniques. 
Some exemplary collection devices may include a GPS 
receiver that receives satellite location signals, and a terres­
trial geo-location device that measures received signal 
strengths from base stations or other wireless signaling 
devices. Assuming a set oflocation data have been obtained 
by one or more of types of data collection devices, the loca­
tion data may be compared to other data sources to determine 
the degree of data deviation and to ensure the data's integrity. 

15 ticular location. Each data vector used for location estimation 
may have, for example, N components with at least one of its 
components as the location, and where the other N-1 com­
ponents may apply to other data signal components. 

Referring to FIG. 3, data points xl, x2, x3, x4 and x5 may 
20 have been measured by a vehicle driving on the street (Sl). 

Once the measurements at the data points are obtained, a 
location information database, such as a map database can be 
used to match the measured data points (xl-x5) to points 
located on the actual street xl', x2', x3', x4' and x5', which are 

25 stored in the street database. In this case, the street (S 1) 
provides a simple way to perform a comparison and adjust­
ment procedure to modify the values of the location data with 
respect to the location data points. 

Referring to FIG. 4, a map database may include more than 
30 one street (Sl, S2). In this non-limiting example, a set of 

measured data points (xl-x7) were measured as having an 
estimated location, for the most part, near street Sl; however, 
the point x5 was estimated as being mistakenly closer to S2 
than the intended street S 1. In this case, it may be useful to 

35 apply an algorithm different from the closest street algorithm 
described above with reference to FIG. 3. 

As illustrated in FIG. 4, the location point x5 is located a 
distance d2 from S 1, which is greater than a distance dl from 
S2. In this case, relying on the historical and/or future street 
locations of the previously and subsequently measured data 
points may provide a way to correctly match x5 to the correct 
street Sl regardless of the actual closest street to x5. Exam­
ining the street mappings of one or more points before and/or 
after x5 ( e.g., xl-x4 before, and x6-x7 after) it may be deter­
mined that x5 was intended to be part ofSl and not S2. As a 
result, the latitude and longitude values corresponding to the 
intended location ofx5 (i.e., x5'), with respect to Sl, may be 
substituted for the measured position of x5. 

Once the street overlay is properly matched to the mea-

In a geographical area that contains multiple streets, high­
ways, etc. having corresponding intersections, there may be a 40 

probability of collecting erroneous location point data regard­
less of the type of data collection device. A street database 
may be used as a supplemental data source to compare and/or 
check the integrity of collected location data. The street data­
base may be a compilation of latitude, longitude and other 45 

forms of geographical location data, and may also provide 
ancillary information such as the direction of one-way streets, 
off-street territories, etc. The street database data may be 
stored in the same database 50 used to store the collected 
ground truth data or may be stored in a separate database. 50 sured point location data collected over a given region, and 

the intended street location identified with respect to the 
measured data points, the location data points originally 
retrieved from a calibration data collection device may be 
replaced and/or modified with the data derived from the street 

The precise latitude and longitude positions of streets may 
be included in the street database. Referring to FIG. 2, ifa data 
collection procedure relied on dead reckoning to determine 
ground truth data due to a lost GPS satellite signal, the result­
ing data will have an increased likelihood of producing an 
off-street and/or erroneous location estimate. 

Location data may be modified using a location informa­
tion database ( e.g., a street database) as an optimum overlay. 
The location information database may provide a set oflati­
tude and longitude information that can be used as an overlay 
guide, which may be compared and matched to the collected 
location data. Determining which street the collection pro­
cess was conducted on may be a prerequisite for selecting 
which set of data to use for data enhancing purposes. A set of 
collected location points may substantially parallel a set of 
data in a street database, and may provide an accurate overlay 
for comparison purposes. Alternatively, the street database 

55 database. In addition, various other known methods of 
enhancing the position data may also be applied to increase 
the integrity of the calibration database and provide accurate 
ground truth measurements. 

Interpolation may also be used as another method to 
60 enhance collected ground truth data. If, for example, a col­

lected ground truth data point falls outside of a street location 
of the street database, the two closest points in the street 
database may be used in an interpolation operation to deter­
mine a third point there between. The ground truth of this third 

65 point may then be used in subsequent calculations or as a 
replacement to the ground truth value that was retrieved from 
the original data collection process. 
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Historical ground truth information may also be used to 
enhance collected ground truth data. By keeping track of a 
data collection vehicle's directional movements and/or 
maneuvers, a probability calculation or estimate of the most 
likely street location may be calculated. For example, once 5 

ground truth values have been collected in a given region, 
these values may be modified or replaced with the ground 
truth values of the most probable candidate street estimated 
by a probability calculation of the vehicle's historical move­
ments and maneuvers. This may be useful when attempting to 10 

correct ground truth data collected in areas with multiple 
streets or other obstacles likely to create erroneous ground 
truth data. 

6 
2G, 2.5G, 3G, 4G, etc. ATME 100 may be in communication 
with anATME controller unit 160, which may be located at a 
serving base station (BS) 140 or another location within the 
communication range of the ATME 100. 

The controller unit 160 may monitor the statistical suffi­
ciency of the data available for the current location of the 
ATME 100, and may further implement tests to measure the 
statistical sufficiency to determine whether new data should 
be added to the existing calibration database 150. In addition, 
theATME controller 160 may be linked to a non-uniform grid 
(NUG) or uniform grid (UG) generator permitting grid point 
generation and/or augmentation to proceed in parallel with 
the data acquisition from the ATME 100. Grid points (e.g., 
NUGs) are another way to organize and/or realize informa-Ground truth data enhancement algorithms may be used to 

complement dead-reckoning results when the results are 
known to be in error. Enhancement algorithms may also be 
used to produce location data in situations where the dead­
reckoning component of the calibration device/vehicle may 

15 tion related to a wireless networking environment. 

be unavailable. Ground truth exclusion criteria may be 
applied to limit the amount of erroneous data that is stored in 20 

the calibration database. If, for example, ground truth data is 
obtained via a GPS receiver, a predetermined threshold value 
may be established to require a certain number of visible 
satellites be available before the ground truth data is accepted. 

A NUG is described in detail in co-pending U.S. patent 
application Ser. No. 12/068,213, now U.S. Pat. No. 8,175, 
620, entitled "SYSTEM AND METHOD FOR GENERAT­
ING NON-UNIFORM GRID POINTS FROM CALIBRA-
TION DATA", the entirety of which is incorporated herein by 
reference. A NUG may be generated to represent the signal 
characteristics and calibration data over a given region. FIG. 
6 illustrates a geographical region (R) having NUGs repre­
sented by NUG 1, NUG2 and NUG3. The NU Gs represent an 

A predetermined threshold value may be used to limit the 25 

data received from a particular set of measurement devices 
having a dilution of precision (DOP) beyond an acceptable 
threshold value. For example, if a group of measuring devices 
are located too close together then the distances between the 
measuring devices may be compared to the predetermined 30 

threshold, and as a result of the devices being under the 
acceptable separation distance, the data may be considered 
unacceptable and disregarded. Similarly, a threshold distance 
may be established as a minimum distance requirement to 
limit ground truth collection efforts within a particular dis- 35 

tance from a last valid GPS reading. Other methods may also 

area of collected calibration data based on data collected via 
data collection devices and/or signals transmitted from the 
mobile stations (MSs) identified within the geographical 
region of the NUG (e.g., (MS 2 and BS 21-NUGl), (MS 4, 
6, 8 and 10-NUG2) and (MS 12, 14 and BS 23-NUG3)). 
The BS 22 may serve one or more NU Gs and may be located 
outside the region (R) of the identified NUGs. The different 
NUGs may be separated based on geographical consider­
ations ( e.g., mountains, buildings, streets) or varying concen­
trations ofMSs. 

Network measurement reports (NMRs) may be used to 
represent the current estimated location and/or signal charac­
teristics of a MS. An exemplary NMR may be represented as 
a data vector containing measured signal power level param­
eters ( e.g., Pl, P2, P3) and may include one or more location 

be used to limit the amount of erroneous or unnecessary 
ground truth data obtained and stored in the calibration data­
base. 

Calibration data collection procedures that utilize autono­
mous test and measurement (T &M) equipment may simplify 
the ground truth collection process. Simplifying the T&M 
equipment and/or creating autonomous procedures for data 
collection may allow highly mobile vehicles and untrained 
drivers to perform calibration data collection processes. For 
example, public transportation vehicles such as buses or taxi 
cabs, highly mobile vehicles such as FedEx/UPS trucks, etc., 
or other types of vehicles that travel often within the calibra­
tion area may be prime candidates for installing the T &M 
equipment and performing the collection process. 

Referring to FIG. 5, autonomous T&M equipment 
(ATME) 100 may include a wireless terminal 110 that is 
capable of measuring received signal strengths of serving and 
neighboring cell base stations and other wireless communi­
cation transmissions, a location device that computes the 
ground truth location of the wireless terminal 110, such as a 
GPS receiver 120, and a memory 130 that stores the results of 
the collection efforts. 

ATME 100 may include storage capability to store received 
signals (i.e., memory 130), such as, signal strength data of the 
serving and/or neighboring cell base stations or other network 
information such as cell global identity (CGI), broadcast con­
trol channel (BCCH), base station identity code (BSIC), and/ 
or corresponding ground truth location data. 

ATME 100 may be capable of sending data stored in the 
memory 130 to a server 180 using available baseband and/or 
broadband wireless data transfer technology such as GPRS, 

40 parameters (i.e., latitude and longitude). 
An exemplary NMR may be represented by the data vector 

[Pl, P2, P3, LAT!, LONG!, TAI]. The power levels (Pl-P3) 
may represent the power levels of three separate base stations 
(BSs 21-23) as measured at a particular latitude and longitude 

45 location (LAT!, LONG!). TAI is a non-limiting example 
timing advance parameter. A NMR may contain any number 
and type of parameters used to estimate the location of a MS. 
NMRs may be transmitted from the MS or from other wire­
less network components to position determining equipment 

50 (PDE) 50 or other types of processing units to process the 
received information, and/or attempt to locate the MS. 

The value of the timing advance (TA) parameter corre­
sponds to the length of time a signal from a MS takes to reach 
a particular BS. A MS may be configured to transmit data 

55 signals at specific timeslot intervals depending on the type of 
wireless communication protocol employed (e.g., TDMA, 
GSM, 3GPP etc.). Using the speed oflight (c=3*10'8 mis) as 
a reference velocity for the radio waves, the TA parameter 
may be increased or decreased depending on the distance 

60 between the MS and the BS. The TA parameter may need to 
be adjusted periodically as the distance from the MS to the BS 
changes. 

If statistically sufficient and/or recent data is available for 
the current NUG configuration then there would be no reason 

65 to overload the existing calibration database 150 with further 
data for that location. Thus, a continuous examination of the 
reported data will allow for selective and judicious insertion 
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of such data into the calibration database 150. The examina­
tion of the reported data may be performed by the controller 
unit 160 and/ or one or more of the other network components 
of the data collection system (i.e., server 180). If after an 
examination of the currently stored calibration data it is deter- 5 

mined that the current level of collected data for a particular 
region is sufficient, then the current calibration efforts may be 
paused or stopped until instructed to return to an operating 

region ( e.g., block) until theATME controller 160 indicates to 
theATME 100 equipment driver that sufficient data collection 
has been met. 

In general, the division of labor between fully automated 
components within this scheme and human enablers for the 
same purpose may take various forms ranging from a fully 
automated case to the case where the reporting ofNMR data 
is conducted manually. 

status. 
Depending on the requirements for collecting data from a 

particular location, it is also envisioned turning the ATME 
100 off when, for example, the vehicle containing the ATME 
100 is parked, immobilized, or is traversing a region for which 
acceptable data has already been obtained. 

The ATME 100 may also be used to alert the ATME con­
troller 160 to changes in the wireless network. Changes, such 
as, a site going down, a new site being enabled or the transmit 
power changing at an antenna are all examples of changes that 
may be recognized more readily by the ATME controller 160 
when a continuous data stream is arriving from the ATME 
100, than if one were to rely on information communicated by 
a network operator of the location system. The constant com­
munication of the ATME 100 with other network operations 
components may serve as an early warning device to the 
location system. 

The ATME 100 may determine its future position based on 
communication with the ATME controller 160. It may be 
necessary to predict the future position where the ATME 
controller 160 is operating within the NUG generation pro­
cess. In this example, consider the ATME 100 collecting data 
at a particular location, the ATME 100 passes available NMR 
data to theATME controller 160. This NMR data includes, for 
example, an associated location time-stamp, a velocity stamp 
and a range of other possible parameters in addition to the 
usual NMR parameters. TheATME controller 160 may signal 
to theATME 100 when itno longer needs data at that particu­
lar location, thus permitting the ATME 100 to move out of the 
current location before resuming data collection. 

Depending on the rate at which the reported data changes, 
the ATME controller 160 can optionally inform the ATME 
100 the desired speed of travel permitted to efficiently collect 
and/or communicate collection data results without error. 
With this additional information, anATME 100 may be sent 
instructions to a driver to either dwell for longer periods in 
certain locations or move abruptly out oflocations where the 
reported data is statistically similar. As a result, the dwell­
time for such an ATME 100 in a particular region may be 
optimized so that no time is unnecessarily wasted collecting 
data in a region where extra NMR data is not required or an 
increased amount of time spent collecting data in a region 
where more NMR data may be required. 

Some of the features ofanATME 100 may also be applied 

When statistical sufficiency or data sufficiency is met in a 
10 particular region, theATME 100 may randomly proceed to a 

next region or be guided to a particular region by the ATME 
controller 160, which may have information on areas where 
the known data is insufficient or where particular NUGs need 

15 
to be built or refined. Itmaybetruethat, in general, theATME 
100 will spend less time per unit area in a rural setting where 
the statistical nature of the NMRs change slowly as opposed 
to an urban setting that has vigorous dynamic NMR changes 
over short distances. The total time required to calibrate a 

20 particular region may also be reduced for the purpose of a 
pattern matching location scheme. 

In contrast to the blind acquisition ofNMR data by a device 
which has no knowledge of whether the data being reporting 
is useful, needed, or in the other extreme, excessive, the 

25 intelligent calibration data collection process may increase 
location system productivity and location estimate accuracy. 

FIG. 7 illustrates a flow diagram 700 of a method to modify 
location data used to locate a mobile station. A first set of 
location data may be obtained for a geographical region ( op-

30 eration 701). The first set oflocation data may be stored in a 
database ( operation 702). The first set of stored location data 
may be compared to a second set of stored location data 
( operation 703), which represents an overlapping geographi­
cal region of the first set of location data. Next, at least one 

35 parameter of the first set oflocation data may be modified to 
represent a particular location based on the second set of 
location data at that particular location (operation 704). The 
modified parameter may be stored in the database as a 
replacement to the original parameter of the first set ofloca-

40 tion data (705). The mobile station may then be located based 
on the modified first set oflocation data (706). 

FIG. 8 is an illustration of a method for generating a cali­
bration database. Location data may be obtained for a plural­
ity of geographic locations situated within a selected geo-

45 graphic region (801 ). A location information database having 
accurate latitude and longitude information for plural points 
in the same geographic region may be provided, such as a 
street database (803). From the plural points in the location 
information database a first and second point may be deter-

50 mined that are proximate to a location in the location data 
(805). Using interpolation between the first and second points 
a third point may be determined (807). The third point may be 
entered into a calibration database as the location associated 
with the location data for the geographic location (809). 

to the case where such features are interfaced with a human 55 

driver of the vehicle carrying the ATME 100 equipment. In 
such a situation, the human driver may be instructed by the 
controller 160 using voice commands to slow down, speed up, 
turn at the next intersection, etc. Further, in either the case of 

FIG. 9 is an illustration of a method for generating a cali-
bration database using a wireless device. Location data may 
be obtained for a plurality of geographic locations situated 
with in a region having plural streets and intersections (901). 
In one embodiment the location data may be obtained using a 

a human driver or unmanned communication equipment, 
regions where data insufficiency or statistical failure exist 
may be flagged as regions where a return to that area may be 
needed. 

60 wireless device. A location information database having 
accurate latitude and longitude information for plural points 
in the same geographic region may be provided, such as a 
street database (903). The status of the wireless device may be 

In a particular traffic situation where the driver has no 
option but to keep moving even though the data requirement 65 

of the ATME controller 160 calls for a slower collection 

determined (905), and based upon the status, a most likely 
street upon which the wireless device is sited may be deter­
mined as the geographic location (907). A first point from the 

driving velocity, the driver may continue to circle around the location information database may be determined that is in 
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proximity to the first geographic location (909) and the first 
point may then be entered in the calibration database (911). 

The embodiments described above may be used in base 
station configurations that include, but are not limited to, 
predetermined data collected over varying terrain, varying 5 

base station configurations, varying cellular communication 
protocols, etc. 

While preferred embodiments of the present invention 
have been described, it is to be understood that the embodi­
ments described are illustrative only and the scope of the 10 

invention is to be defined solely by the appended claims when 
accorded a full range of equivalents, many variations and 
modifications naturally occurring to those skilled in the art 
from a perusal hereof. 

What is claimed is: 
1. A method for generating a calibration database, com­

prising; 
receiving at a wireless device an attribute of a signal trans­

mitted by a wireless transmitter to a mobile station in a 
region; 

wirelessly transmitting from said wireless device said 
attribute to a controller unit; 

obtaining location data of a plurality of geographic loca­
tions situated within said region, wherein said location 
data is determined using said wireless device, and 
wherein said region contains plural streets and intersec­
tions of said plural streets; 

providing a location information database wherein said 
location database includes latitude and longitude infor-
mation for each of a plurality of points within said 
region; 

determining a status of said wireless device; 

15 

20 

25 

30 

10 
_9. T~e metho~ of claim 1 further comprising receiving at 

said Wifeless device an attribute of a signal transmitted by the 
wireless transmitter in communication with a mobile station 
in a second region. 

10. The method of claim 1 wherein said location database 
is a street database. 

11. The method of claim 1 wherein said status includes 
attributes selected from the group consisting of: direction of 
travel; speed of travel, and change in direction of travel. 

12. A system for generating a calibration database com-
~~: ' 

a ~ireless device for determining location data at a plural­
ity of geographic locations situated within a region, 
wherein said region contains plural streets and intersec­
tions of said plural streets, said wireless device receiving 
an attribute of a signal transmitted by a wireless trans­
mitter to a mobile station in said region; 

a wireless device transmitter for transmitting from said 
wireless device said attribute to a controller unit· 

a location information database wherein said locati;n data­
base includes latitude and longitude information for 
each of a plurality of points within said region; 

circuitry for determining a status of said wireless device; 
circuitry for determining from said status a most likely one 

of said plural streets upon which said wireless device is 
located; 

circuitry for determining said most likely street as a first 
one of said plural geographic locations; 

circuitry for determining a first point of said plural points 
that is in proximity to said first geographic location; and 

circuitry for entering said first point in said calibration 
database; and associating the location data for the first 
one of said plural geographic locations determined by 
said wireless device with the first point. determining from said status a most likely one of said 

plural streets upon which said wireless device is located· 
determining said most likely street as a first one of said 

plural geographic locations; 
determining a first point of said plural points that is in 

proximity to said first geographic location; and 

13. The system of claim 12 wherein said attribute is 
35 selected from the group consisting of: signal strength, Cell 

Global identity, broadcast control channel, base station iden­
tity code. 

entering said first point in said calibration database and 
associating the location data for the first one of said 
plural geographic locations determined by said wireless 
device with the first point. 

14. The system of claim 12 wherein said controller unit 
determines if said location data is statistically sufficient and if 

40 so, enters said location data into said location information 
database. 

2. The method of claim 1 wherein said attribute is selected 
from the group consisting of: signal strength, Cell global 45 
identity, broadcast control chmmel, base station identity code. 

_3. The method of claim 1 further comprising determining at 
said controller unit if said location data is statistically suffi­
cient and if so entering said location data into said location 
information database. 

4. The method of claim 1 further comprising determining at 
said controller unit if said location data is statistically suffi­
cient and if so entering said location data into a non-uniform 
grid generator. 

50 

5. The method of claim 1 further comprising sending future 55 
positioning information from said controller unit to said wire­
less device. 

6. The method of claim 5 wherein said future position 
information includes at least one of a geographic position and 
a speed. 

7. The method of claim 5 further comprising determining 
said future positioning information at least in part on infor­
mation from said location information database. 

8. The method of claim 5 further comprising determining 
said future positioning information at least in part on infor­
mation from a non-uniform grid generator. 

60 

15. The system of claim 12 wherein said controller unit 
determines if said location data is statistically sufficient and if 
so enters said location data into a non-uniform grid generator. 

16. The system of claim 12 wherein said controller unit 
sends future positioning information to said wireless device. 

17. The system of claim 16 wherein said future positioning 
information includes at least one of a geographic position and 
a speed. 

18. The system of claim 16 wherein said future positioning 
information is determined based at least in part on informa­
tion from said location information database. 

19. The system of claim 16 wherein said future positioning 
information is determined based at least in part on informa­
tion from a non-uniform grid generator. 

20. The system of claim 12 wherein said wireless device 
receives an attribute of a signal transmitted by the wireless 
transmitter in communication with a mobile station in said 
second region. 

21. The system of claim 12 wherein said location database 
is a street database. 

22. The system of claim 12, wherein said status includes 
attributes selected from the group consisting of: direction of 
travel; speed of travel, and change in direction of travel. 

* * * * * 




