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SYSTEMIS AND METHODS FOR LOCATING 
A VEHICLE 

TECHNICAL FIELD 

0001. The technical field generally relates to positioning 
systems, and more particularly relates to methods and sys 
tems for locating a vehicle using correction factors to refine 
the determined location. 

BACKGROUND 

0002 Vehicle locating systems are used to identify 
vehicle position for use in vehicle navigation systems. 
Current systems make use of Global Positioning Systems 
(GPS) to locate the vehicle relative to roads, points of 
interest (POI), and other features commonly found on maps. 
More generally, GPS is typically augmented with additional 
satellite navigation systems that operate in various countries 
and regions including Global Navigation Satellite System 
(GLONASS), Galileo Satellite Navigation, Beidou Naviga 
tion Satellite System, and Quasi-Zenith Satellite System 
(QZSS). The general term for using multiple constellations 
to compute a location is Global Navigation Satellite Systems 
(GNSS). Consumer GNSS systems are generally accurate to 
10-50 feet 95% of the time, which is sufficient for general 
navigation purposes. However, this is not accurate to per 
form more advanced vehicle control that requires precise 
identification of vehicle position relative to other vehicles on 
the road. 
0003. Accordingly, it is desirable to provide systems and 
methods for locating a vehicle that refines the locating 
ability of a GNSS. It is additionally desirable to improve the 
performance of GNSS locating using correction factors that 
are received by the vehicle over a wireless data stream. 
Furthermore, other desirable features and characteristics of 
the present invention will become apparent from the subse 
quent detailed description and the appended claims, taken in 
conjunction with the accompanying drawings and the fore 
going technical field and background. 

SUMMARY 

0004 Systems and methods are provided for locating a 
vehicle. In one non-limiting example, a system for locating 
a vehicle includes, but is not limited to, a locating device on 
the vehicle that is configured to receive position data and 
determine an approximate position of the vehicle. The 
system further includes, but is not limited to, a remote server 
that is configured to report a correction factor for each of a 
plurality of locations. The system further includes, but is not 
limited to, a broadcast server that is configured to broadcast 
the correction factors over a wireless data stream. The 
system further includes, but is not limited to, a receiver 
device on the vehicle that is configured to receive the 
correction factors from the broadcast device over the wire 
less data stream. The system further includes, but is not 
limited to, a correction device on the vehicle that is config 
ured to extract a selected correction factor from the wireless 
data stream based on the location and the approximate 
position and determine a refined position of the vehicle 
based on the selected correction factor and the approximate 
position. 
0005. In another non-limiting example, a vehicle 
includes, but is not limited to, a telematics control unit 
having a locating device that is configured to receive posi 
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tion data and determine an approximate position of the 
vehicle. The telematics control unit further includes, but is 
not limited to, a receiver device that is configured to receive 
a wireless data stream from a broadcast server, the wireless 
data stream containing a correction factor for each of a 
plurality of locations. The telematics control unit further 
includes, but is not limited to, a correction device configured 
to extract a selected correction factor from the wireless data 
stream based on the location and the approximate position 
and determine a refined position of the vehicle based on the 
selected correction factor and the approximate position. 
0006. In another non-limiting example, a method is pro 
vided for locating a vehicle. The method includes, but is not 
limited to, receiving position data with a locating device on 
the vehicle and determining an approximate position of the 
vehicle based on the position data. The method further 
includes, but is not limited to, broadcasting a wireless data 
stream from a broadcast server, the wireless data stream 
including a correction factor for each of a plurality of 
locations and receiving the wireless data stream with a 
receiver device on the vehicle. The method further includes, 
but is not limited to, extracting a selected correction factor 
from the wireless data stream based on the location and the 
approximate position and determining a refined location of 
the vehicle with a correction device on the vehicle, the 
refined location of the vehicle based on the selected correc 
tion factor and the approximate position. 

DESCRIPTION OF THE DRAWINGS 

0007. The disclosed examples will hereinafter be 
described in conjunction with the following drawing figures, 
wherein like numerals denote like elements, and wherein: 
0008 FIG. 1 is a diagram illustrating a non-limiting 
example of a communication system; 
0009 FIG. 2 is diagram illustrating a non-limiting 
example of a system for locating a vehicle according to an 
embodiment; 
0010 FIG. 3 is a diagram illustrating a non-limiting 
example of a system for locating a vehicle according to 
another embodiment; and 
0011 FIG. 4 is a flowchart illustrating a non-limiting 
example of a method for locating a vehicle. 

DETAILED DESCRIPTION 

0012. The following detailed description is merely exem 
plary in nature and is not intended to limit the application 
and uses. Furthermore, there is no intention to be bound by 
any expressed or implied theory presented in the preceding 
technical field, background, brief Summary or the following 
detailed description. As used herein, the term module refers 
to an application specific integrated circuit (ASIC), an 
electronic circuit, a processor (shared, dedicated, or group) 
and memory that executes one or more Software or firmware 
programs, a combinational logic circuit, and/or other Suit 
able components that provide the described functionality. 
0013 With reference to FIG. 1, there is shown a non 
limiting example of a communication system 10 that may be 
used together with examples of the apparatus/system dis 
closed herein or to implement examples of the methods 
disclosed herein. Communication system 10 generally 
includes a vehicle 12, a wireless carrier system 14, a land 
network 16 and a call center 18. It should be appreciated that 
the overall architecture, setup and operation, as well as the 
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individual components of the illustrated system are merely 
exemplary and that differently configured communication 
systems may also be utilized to implement the examples of 
the method disclosed herein. Thus, the following para 
graphs, which provide a brief overview of the illustrated 
communication system 10, are not intended to be limiting. 
0014 Vehicle 12 may be any type of mobile vehicle such 
as a motorcycle, car, truck, recreational vehicle (RV), boat, 
plane, etc., and is equipped with Suitable hardware and 
Software that enables it to communicate over communica 
tion system 10. Some of the vehicle hardware 20 is shown 
generally in FIG. 1 including a telematics unit 24, a micro 
phone 26, a speaker 28, and buttons and/or controls 30 
connected to the telematics unit 24. Operatively coupled to 
the telematics unit 24 is a network connection or vehicle bus 
32. Examples of suitable network connections include a 
controller area network (CAN), a media oriented system 
transfer (MOST), a local interconnection network (LIN), an 
Ethernet, and other appropriate connections such as those 
that conform with known ISO (International Organization 
for Standardization), SAE (Society of Automotive Engi 
neers), and/or IEEE (Institute of Electrical and Electronics 
Engineers) standards and specifications, to name a few. 
0.015 The telematics unit 24 is an onboard device that 
provides a variety of services through its communication 
with the call center 18, and generally includes an electronic 
processing device 38, one or more types of electronic 
memory 40, a cellular chipset/component 34, a wireless 
modem 36, a dual mode antenna 70, and a navigation unit 
containing a GNSS chipset/component 42. In one example, 
the wireless modem 36 includes a computer program and/or 
set of software routines adapted to be executed within 
electronic processing device 38. 
0016. The telematics unit 24 may provide various ser 
vices including: turn-by-turn directions and other naviga 
tion-related services provided in conjunction with the GNSS 
chipset/component 42; airbag deployment notification and 
other emergency or roadside assistance-related services pro 
vided in connection with various crash and/or collision 
sensor interface modules 66 and collision sensors 68 located 
throughout the vehicle; and/or infotainment-related services 
where music, internet web pages, movies, television pro 
grams, videogames, and/or other content are downloaded by 
an infotainment center 46 operatively connected to the 
telematics unit 24 via vehicle bus 32 and audio bus 22. In 
one example, downloaded content is stored for current or 
later playback. The above-listed services are by no means an 
exhaustive list of all the capabilities of telematics unit 24, 
but are simply an illustration of some of the services that the 
telematics unit may be capable of offering. It is anticipated 
that telematics unit 24 may include a number of additional 
components in addition to and/or different components from 
those listed above. 

0017 Vehicle communications may use radio transmis 
sions to establish a voice channel with wireless carrier 
system 14 So that both Voice and data transmissions can be 
sent and received over the voice channel. Vehicle commu 
nications are enabled via the cellular chipset/component 34 
for voice communications and the wireless modem 36 for 
data transmission. Any suitable encoding or modulation 
technique may be used with the present examples, including 
digital transmission technologies, such as TDMA (time 
division multiple access), CDMA (code division multiple 
access), W-CDMA (wideband CDMA), FDMA (frequency 
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division multiple access), OFDMA (orthogonal frequency 
division multiple access), etc. 
(0018 Dual mode antenna 70 services the GNSS chipset/ 
component 42 and the cellular chipset/component 34. 
(0019 Microphone 26 provides the driver or other vehicle 
occupant with a means for inputting verbal or other auditory 
commands, and can be equipped with an embedded Voice 
processing unit utilizing a human/machine interface (HMI) 
technology known in the art. Conversely, speaker 28 pro 
vides audible output to the vehicle occupants and can be 
either a stand-alone speaker specifically dedicated for use 
with the telematics unit 24 or can be part of a vehicle audio 
component 64. In either event, microphone 26 and speaker 
28 enable vehicle hardware 20 and call center 18 to com 
municate with the occupants through audible speech. The 
vehicle hardware also includes one or more buttons and/or 
controls 30 for enabling a vehicle occupant to activate or 
engage one or more of the vehicle hardware components 20. 
For example, one of the buttons and/or controls 30 can be an 
electronic pushbutton used to initiate Voice communication 
with call center 18 (whether it be a human such as advisor 
58 or an automated call response system). In another 
example, one of the buttons and/or controls 30 can be used 
to initiate emergency services. 
0020. The audio component 64 is operatively connected 
to the vehicle bus 32 and the audio bus 22. The audio 
component 64 receives analog information, rendering it as 
sound, via the audio bus 22. Digital information is received 
via the vehicle bus 32. The audio component 64 provides 
amplitude modulated (AM) and frequency modulated (FM) 
radio, compact disc (CD), digital video disc (DVD), and 
multimedia functionality independent of the infotainment 
center 46. Audio component 64 may contain a speaker 
system, or may utilize speaker 28 via arbitration on vehicle 
bus 32 and/or audio bus 22. 

0021. The vehicle crash and/or collision detection sensor 
interface 66 is operatively connected to the vehicle bus 32. 
The collision sensors 68 provide information to the telem 
atics unit via the crash and/or collision detection sensor 
interface 66 regarding the severity of a vehicle collision, 
Such as the angle of impact and the amount of force 
Sustained. 
0022. Vehicle sensors 72, connected to various sensor 
interface modules 44 are operatively connected to the 
vehicle bus 32. Example vehicle sensors include but are not 
limited to gyroscopes, accelerometers, magnetometers, 
emission detection, and/or control sensors, and the like. 
Example sensor interface modules 44 include powertrain 
control, climate control, and body control, to name but a few. 
0023 Wireless carrier system 14 may be a cellular tele 
phone system or any other Suitable wireless system that 
transmits signals between the vehicle hardware 20 and land 
network 16. According to an example, wireless carrier 
system 14 includes one or more cell towers 48 
0024 Land network 16 can be a conventional land-based 
telecommunications network that is connected to one or 
more landline telephones, and that connects wireless carrier 
system 14 to call center 18. For example, land network 16 
can include a public switched telephone network (PSTN) 
and/or an Internet protocol (IP) network, as is appreciated by 
those skilled in the art. Of course, one or more segments of 
the land network 16 can be implemented in the form of a 
standard wired network, a fiber or other optical network, a 
cable network, other wireless networks such as wireless 
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local networks (WLANs) or networks providing broadband 
wireless access (BWA), or any combination thereof. 
0025 Call center 18 is designed to provide the vehicle 
hardware 20 with a number of different system back-end 
functions and, according to the example shown here, gen 
erally includes one or more switches 52, servers 54, data 
bases 56, advisors 58, as well as a variety of other telecom 
munication/computer equipment 60. These various call 
center components are Suitably coupled to one another via a 
network connection or bus 62. Such as the one previously 
described in connection with the vehicle hardware 20. 
Switch 52, which can be a private branch exchange (PBX) 
Switch, routes incoming signals so that Voice transmissions 
are usually sent to either advisor 58 or an automated 
response system, and data transmissions are passed on to a 
modem or other piece of telecommunication/computer 
equipment 60 for demodulation and further signal process 
ing. The modem or other telecommunication/computer 
equipment 60 may include an encoder, as previously 
explained, and can be connected to various devices such as 
a server 54 and database 56. For example, database 56 could 
be designed to store subscriber profile records, subscriber 
behavioral patterns, or any other pertinent subscriber infor 
mation. Although the illustrated example has been described 
as it would be used in conjunction with a call center 18 that 
is manned, it will be appreciated that the call center 18 can 
be any central or remote facility, manned or unmanned, 
mobile or fixed, to or from which it is desirable to exchange 
Voice and data. 

0026. With reference to FIG. 2, there is shown a non 
limiting example of a system 100 for locating a vehicle 110. 
It should be appreciated that the overall architecture, setup 
and operation, as well as the individual components of the 
illustrated system 100 are merely exemplary and that dif 
ferently configured systems may also be utilized to imple 
ment the examples of the system 100 disclosed herein. Thus, 
the following paragraphs, which provide a brief overview of 
the illustrated system 100, are not intended to be limiting. 
0027. The system 100 generally includes the vehicle 110, 
a remote server 120, and a broadcast server 130. The term 
'server, as used herein, generally refers to electronic com 
ponent, as is known to those skilled in the art, Such as a 
computer program or a machine that waits for requests from 
other machines or Software (clients) and responds to them. 
The vehicle 110 includes a locating device 140, a receiver 
device 150, and a correction device 160. The term “device.” 
as used herein, generally refers to electronic component, as 
is known to those skilled in the art, and is not intended to be 
limiting. The remote server is configured to report a correc 
tion factor 123-126 for each of a plurality of locations. The 
broadcast server 130 is in communication with the remote 
server 120 and is configured to broadcast the correction 
factors 123-126 over a wireless data stream 132. 

0028. Vehicle 110 may be any type of mobile vehicle 
Such as a motorcycle, car, truck, recreational vehicle (RV), 
boat, plane, etc., and is equipped with Suitable hardware and 
software that enables it to communicate over the system 100. 
The locating device 140, receiver device 150, and correction 
device 160 are onboard the vehicle 110 and operatively 
coupled to a vehicle bus 112. Examples of suitable vehicle 
busses 112 include a controller area network (CAN), a media 
oriented system transfer (MOST), a local interconnection 
network (LIN), an Ethernet, and other appropriate connec 
tions such as those that conform with known ISO (Interna 
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tional Organization for Standardization), SAE (Society of 
Automotive Engineers), and/or IEEE (Institute of Electrical 
and Electronics Engineers) standards and specifications, to 
name a few. 

0029. The locating device 140 is configured to receive 
position data 170 from a positioning network 172. In a 
non-limiting embodiment, the locating device 140 is a 
global navigation satellite system (GNSS) 142 that receives 
GNSS data 174 from a GNSS satellite network 176 includ 
ing GNSS satellites 177a-c. One skilled in the art will 
appreciate that while a limited representation of the GNSS 
system 142 and the GNSS satellite network 176 is disclosed 
herein, this this disclosure will not limit the understanding of 
the system 100. Position data 170 is broadcasted from the 
positioning network 172 and in turn received by the locating 
device 140 onboard the vehicle 110. The locating device 140 
uses the position data 170 to determine an approximate 
position of the vehicle 110. 
0030. The locating device 140 must align the GNSS data 
174 broadcasted by GNSS satellites 177a-c of the GNSS 
satellite network 176 to an internally generated version of a 
pseudorandom binary sequence, also contained in the GNSS 
data 174. As the GNSS data 174 broadcasted by the GNSS 
satellite 177a travels to the vehicle 110, the GNSS data 174 
takes time to reach the locating device 140. Since the GNSS 
data 174 takes time to reach the locating device 140, the two 
sequences do not initially coincide; the GNSS satellite's 174 
copy is delayed in relation to the locating device's 140 copy. 
By increasingly delaying the locating device's 140 copy, the 
two copies can eventually be aligned. The correct delay 
represents the time needed for the GNSS data 174 to reach 
the locating device 140, and from this the distance from the 
GNSS satellite 177a can be calculated. 

0031. The accuracy of the resulting range measurement, 
and therefore the accuracy of the approximate position of the 
vehicle 110, is essentially a function of the ability of the 
locating device 140 to accurately process GNSS data 174 
from the GNSS satellites 177a-C. However, error sources 
introduced into the GNSS data 174 such as non-mitigated 
ionospheric and tropospheric delays, multipath, satellite 
clock and ephemeris errors, etc., can negatively impact the 
range measurement made by the locating device 140 result 
ing in less accurate approximate position of the vehicle 110. 
The accuracy of GNSS positioning is generally given as 
“accurate to twenty feet,” meaning that an actual position 
could be anywhere within a twenty foot radius of the 
determined position. For example, a GNSS position that is 
accurate to thirty feet is less accurate than a GNSS position 
that is accurate to ten feet. 

0032. Precise Point Positioning (PPP) satellite navigation 
uses instantaneous state corrections that are broadcasted for 
all satellite signals in view to allow for improved accuracy. 
The state corrections include corrections for satellite clock, 
satellite orbit, and ionospheric delays, and tropospheric 
delays, for example. The specific operation of PPP is not 
contemplated by this application, however, one skilled in the 
art will appreciate that some challenges of PPP can be 
addressed through the use of correction factors 123-126 that 
compensate for the errors introduced into the GNSS data 
174 as discussed above. The generation of the correction 
factors 123-126 is likewise not contemplated by this appli 
cation and in a non-limiting embodiment, the correction 
factors 123-126 may be provided by a third party service. 
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0033. The correction factors 123-126 allow for improved 
accuracy when determining the position of the vehicle. 
However, each correction factor 123-126 is only useful 
within a specific location or geographic range. Stated dif 
ferently by way of example, a vehicle 110 traveling in 
Detroit, Mich. would not want to use a correction factor that 
is specific to Paris, France. Accordingly, each of the correc 
tion factors 123-126 is associated with a location. In a 
non-limiting example, each correction factor 123-126 may 
be associated with a location area that is circular and 
approximately 20 miles in diameter. In a non-limiting 
example, the locations areas overlap Such that as the vehicle 
110 travels from one location area to another, the vehicle 110 
is always located in an area having a correction factor 
123-126. 

0034. The remote server 120 reports the correction fac 
tors 123-126 of each of the plurality of locations. While only 
four correction factors 123-126 are depicted in the remote 
server 120, one skilled in the art will appreciate that a greater 
number of correction factors 123-126 may be reported by 
the remote server 120 without departing from the spirit and 
the scope of the present application and, as such, the 
depiction herein is not intended to be limiting. The correc 
tion factors 123-126 may be updated in the remote server 
120 as more accurate factors become available, as weather 
conditions change, etc., such that relevant and situationally 
accurate correction factors 123-126 are broadcasted. 

0035. The broadcast server 130 broadcasts the correction 
factors 123-126 over the wireless data stream 132 which is 
in turn received by the receiver device 150 on the vehicle 
110. One skilled in the art will appreciate that the broadcast 
server 130 and the receiver device 150 are configured to 
communicate wirelessly such that the wireless data stream 
132 may be received by the receiver device 150. In a 
non-limiting embodiment, the wireless data stream 132 is 
transmitted using any suitable encoding or modulation tech 
nique, including digital transmission technologies, such as 
TDMA (time division multiple access), CDMA (code divi 
sion multiple access), W-CDMA (wideband CDMA), 
FDMA (frequency division multiple access), OFDMA (or 
thogonal frequency division multiple access), etc. In a 
non-limiting embodiment, the wireless data stream 132 is a 
single wireless data stream that includes all of the correction 
factors 123-126. Stated differently, in a non-limiting 
embodiment, the wireless data stream 132 broadcasted by 
the broadcast server 130 contains all of the correction factors 
123-126 in the remote server 120. 

0036. The correction device 160 is in communication 
with the locating device 140 and the receiver device 150 
over the vehicle bus 112. Using the approximate position of 
the vehicle 112 from the locating device 140, the correction 
device 160 extracts a selected correction factor from the 
wireless data stream 132. In a non-limiting example, the 
correction device 160 uses the approximate position of the 
vehicle to identify the location that includes the approximate 
position of the vehicle. For example, in a non-limiting 
example, if each of the locations are approximately 20 miles 
in diameter, the correction device 160 determines the loca 
tion that covers the approximate position of the vehicle. In 
a non-limiting embodiment, the wireless data stream 132 
includes location markers that indicate the location associ 
ated with each of the correction factors 123-126 broadcasted 
in the wireless data stream 132. 
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0037. The correction device 160 determines a refined 
position of the vehicle 110 based on the selected correction 
factor and the approximate position of the vehicle 110. As 
detailed above, the correction factors 123-126 allow for 
improved accuracy when determining the refined position of 
the vehicle 110 by improving the measurements made with 
the GNSS data 174. In a non-limiting embodiment, the 
correction device 160 applies a correction filter to the GNSS 
data 174 based on the selected correction factor. In a 
non-limiting embodiment, the correction device 160 pro 
vides filtered GNSS data to the locating device 140 to 
determine the refined location. 
0038. In a non-limiting embodiment, the wireless data 
stream 132 includes all of the correction factors 123-126 that 
are valid for the entire planet. In a non-limiting embodiment, 
the correction device 160 extracts a selected correction 
factor from the planet wide correction factors 123-126 
contained in the wireless data stream 132 based on the 
approximate position of the vehicle 112. 
0039. In a non-limiting embodiment, the correction 
device 160 is implemented a software application that is 
hosted on the electronics module (not shown) that includes 
the locating device 140 and the receiver device 150. Both the 
locating device 140 and the receiver device 150 provide real 
time data to the correction device 160, which runs continu 
ously on the electronics module. In a non-limiting embodi 
ment, the vehicle bus 112 reports the refined location to 
other vehicle systems on the vehicle bus 112. 
0040. In a non-limiting embodiment, the system 100 
further includes an additional remote server 180 in commu 
nication with the remote server 120. The additional remote 
server 180 is configured to report additional correction 
factors 183-186 of each of the plurality of locations. While 
only four additional correction factors 183-186 are depicted 
in the additional remote server 180, one skilled in the art will 
appreciate that a greater number of additional correction 
factors 183-186 may be reported by the additional remote 
server 180 without departing from the spirit and the scope of 
the present application and, as such, the depiction herein is 
not intended to be limiting. The additional correction factors 
183-186 may be updated in the additional remote server 180 
as more accurate factors become available, as weather 
conditions change, etc., such that relevant and situationally 
accurate additional correction factors 183-186 are broad 
casted by the broadcast server 130. The additional remote 
server 180 may be one of many servers in the system 100 to 
allow for the inclusion of more correction factors 123-126, 
183-186, or to improve the robustness of the system 100. 
0041. In a non-limiting embodiment, the correction fac 
tors 123-126 are factors selected from the group consisting 
of a satellite orbit correction factor, a satellite range factor, 
a model of satellite orbit model factor, an atomic clock 
correction factor, an ionosphere signal delay factor, a tro 
posphere signal delay factor, or a combination thereof. In 
this way, the present disclosure contemplates that each of the 
correction factors 123-126 may contain any number of 
individual factors to be used in the determination of the 
refined location. 

0042. In a non-limiting embodiment, the vehicle 110 
further includes a vehicle sensor 190-194 in communication 
with the bus 112 to provide sensor data to the correction 
device 160. In a non-limiting embodiment, the vehicle 110 
includes a speedometer 190, a compass 191, an accelerom 
eter 192, a vehicle control module 193, and an inertial 
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navigation sensor 194. In a non-limiting embodiment, the 
sensor data includes a vehicle speed, a travel direction, a 
vehicle acceleration, inertial navigation data, etc., and the 
refined position is further determined based on the sensor 
data. 

0043. In a non-limiting embodiment, the vehicle 110 
further includes a vehicle control system (not shown) which 
is provided with the refined location. In a non-limiting 
embodiment, the vehicle control system includes a cruise 
control system, a navigation system, an autonomous driving 
system, a vehicle to vehicle communication system, a pla 
toon guidance system, or a combination thereof. 
0044 With reference now to FIG. 3 and with continued 
reference to FIG. 2, there is shown a non-limiting example 
of a system 200 for locating a vehicle 210. It should be 
appreciated that the overall architecture, setup and opera 
tion, as well as the individual components of the illustrated 
system 200 are merely exemplary and that differently con 
figured systems may also be utilized to implement the 
examples of the system 200 disclosed herein. Thus, the 
following paragraphs, which provide a brief overview of the 
illustrated system 200, are not intended to be limiting. As 
similar components are used in the system 200 relative to the 
system 100, similar reference numerals will be used and the 
description of system 200 will focus on the differences 
relative to the system 100. 
0045. The system 200 generally includes the vehicle 210, 
the remote server 120, and the broadcast server 130. The 
vehicle 210 includes a telematics control unit 214. Further to 
the telematics unit 24 of FIG. 1, the telematics control unit 
214 includes a locating device 240, a receiver device 250, a 
correction device 260, and a vehicle control system 216. The 
remote server is configured to report a correction factor 
123-126 for each of a plurality of locations. The broadcast 
server 130 is in communication with the remote server 120 
and is configured to broadcast the correction factors 123-126 
over a wireless data stream 132. 

0046) Vehicle 210 may be any type of mobile vehicle 
Such as a motorcycle, car, truck, recreational vehicle (RV), 
boat, plane, etc., and is equipped with Suitable hardware and 
software that enables it to communicate over the system 200. 
The locating device 240, receiver device 250, correction 
device 260, and vehicle control system 216 are onboard the 
vehicle 210 and operatively coupled to a vehicle bus 212. 
Examples of suitable vehicle busses 212 include a controller 
area network (CAN), a media oriented system transfer 
(MOST), a local interconnection network (LIN), an Ether 
net, and other appropriate connections such as those that 
conform with known ISO (International Organization for 
Standardization), SAE (Society of Automotive Engineers), 
and/or IEEE (Institute of Electrical and Electronics Engi 
neers) standards and specifications, to name a few. 
0047. The locating device 240 is configured to receive 
position data 170 from the positioning network 172. In a 
non-limiting embodiment, the locating device 240 is the 
global navigation satellite system (GNSS) 242 that receives 
GNSS data 174 from the GNSS satellite network 176 
including GNSS satellites 177a-c. One skilled in the art will 
appreciate that while a limited representation of the GNSS 
system 242 and the GNSS satellite network 176 is disclosed 
herein, this this disclosure will not limit the understanding of 
the system 200. Position data 170 is broadcasted from the 
positioning network 172 and in turn received by the locating 
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device 240 onboard the vehicle 210. The locating device 240 
uses the position data 170 to determine an approximate 
position of the vehicle 210. 
0048. The remote server 120 reports the correction fac 
tors 123-126 of each of the plurality of locations. While only 
four correction factors 123-126 are depicted in the remote 
server 120, one skilled in the art will appreciate that a greater 
number of correction factors 123-126 may be reported by 
the remote server 120 without departing from the spirit and 
the scope of the present application and, as such, the 
depiction herein is not intended to be limiting. The correc 
tion factors 123-126 may be updated in the remote server 
120 as more accurate factors become available, as weather 
conditions change, etc., such that relevant and situationally 
accurate correction factors 123-126 are broadcasted. 

0049. The broadcast server 130 broadcasts the correction 
factors 123-126 over the wireless data stream 132 which is 
in turn received by the receiver device 250 on the vehicle 
210. One skilled in the art will appreciate that the broadcast 
server 130 and the receiver device 250 are configured to 
communicate wirelessly such that the wireless data stream 
132 may be received by the receiver device 250. In a 
non-limiting embodiment, the wireless data stream 132 is 
transmitted using any suitable encoding or modulation tech 
nique, including digital transmission technologies, such as 
TDMA (time division multiple access), CDMA (code divi 
sion multiple access), W-CDMA (wideband CDMA), 
FDMA (frequency division multiple access), OFDMA (or 
thogonal frequency division multiple access), etc. In a 
non-limiting embodiment, the wireless data stream 132 is a 
single wireless data stream that includes all of the correction 
factors 123-126. Stated differently, in a non-limiting 
embodiment, the wireless data stream 132 broadcasted by 
the broadcast server 130 contains all of the correction factors 
123-126 in the remote server 120. 

0050. The correction device 260 is in communication 
with the locating device 240, the receiver device 250, and 
the vehicle control system 216 over the vehicle bus 212. 
Using the approximate position of the vehicle 212 from the 
locating device 240, the correction device 260 extracts a 
selected correction factor from the wireless data stream 132. 
In a non-limiting example, the correction device 260 uses 
the approximate position of the vehicle to identify the 
location that includes the approximate position of the 
vehicle. For example, in a non-limiting example, if each of 
the locations are approximately 20 miles in diameter, the 
correction device 260 determines the location that covers the 
approximate position of the vehicle. In a non-limiting 
embodiment, the wireless data stream 132 includes location 
markers that indicate the location associated with each of the 
correction factors 123-126 broadcasted in the wireless data 
stream 132. 

0051. The correction device 260 determines a refined 
position of the vehicle 210 based on the selected correction 
factor and the approximate position of the vehicle 210. As 
detailed above, the correction factors 123-126 allow for 
improved accuracy when determining the refined position of 
the vehicle 210 by improving the measurements made with 
the GNSS data 174. In a non-limiting embodiment, the 
correction device 260 applies a correction filter to the GNSS 
data 174 based on the selected correction factor. In a 
non-limiting embodiment, the correction device 260 pro 
vides filtered GNSS data to the locating device 240 to 
determine the refined location. In a non-limiting embodi 
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ment, the telematics receiver 214 provides telematics data, 
as discussed above, to the correction device 260. 
0052. In a non-limiting embodiment, the system 200 
further includes an additional remote server 180 in commu 
nication with the remote server 120. The additional remote 
server 180 is configured to report additional correction 
factors 183-186 of each of the plurality of locations. While 
only four additional correction factors 183-186 are depicted 
in additional remote server 180, one skilled in the art will 
appreciate that a greater number of additional correction 
factors 183-186 may be reported by the additional remote 
server 180 without departing from the spirit and the scope of 
the present application and, as such, the depiction herein is 
not intended to be limiting. The additional correction factors 
183-186 may be updated in the additional remote server 180 
as more accurate factors become available, as weather 
conditions change, etc., such that relevant and situationally 
accurate additional correction factors 183-186 are broad 
casted by the broadcast server 130. The additional remote 
server 180 may be one of many servers in the system 200 to 
allow for the inclusion of more correction factors 123-126, 
183-186, or to improve the robustness of the system 100. 
0053. In a non-limiting embodiment, the correction fac 
tors 123-126 are factors selected from the group consisting 
of the satellite orbit correction factor, the satellite range 
factor, the model of satellite orbit model factor, the atomic 
clock correction factor, the ionosphere signal delay factor, 
the troposphere signal delay factor, or a combination thereof. 
In this way, the present disclosure contemplates that each of 
the correction factors 123-126 may contain any number of 
individual factors to be used in the determination of the 
refined location. 
0054. In a non-limiting embodiment, the vehicle 210 
further includes vehicle sensors 190-194 in communication 
with the bus 212 to provide sensor data to the correction 
device 260. In a non-limiting embodiment, the vehicle 210 
includes the speedometer 190, the compass 191, the accel 
erometer 192, the vehicle control module 193, and the 
inertial navigation sensor 194. In a non-limiting embodi 
ment, the sensor data includes the vehicle speed, the travel 
direction, the vehicle acceleration, inertial navigation data, 
etc., and the refined position is further determined based on 
the sensor data. 
0055. In a non-limiting embodiment, the vehicle control 
system 216 is provided with the refined location. In a 
non-limiting embodiment, the vehicle control 216 system 
includes a cruise control system, a navigation system, an 
autonomous driving system, a vehicle to vehicle communi 
cation system, a platoon guidance system, or a combination 
thereof. 
0056 Referring now to FIG. 4, and with continued ref 
erence to FIGS. 2 and 3, a flowchart illustrates a method 
performed by the systems 100, 200 for locating a vehicle in 
accordance with the present disclosure. As can be appreci 
ated in light of the disclosure, the order of operation within 
the method 300 is not limited to the sequential execution as 
illustrated in FIG. 4, but may be performed in one or more 
varying orders as applicable and in accordance with the 
requirements of a given application. 
0057. In various exemplary embodiments, the systems 
100, 200 and method 300 are run based on predetermined 
events, and/or can run continuously during operation of the 
vehicle 110, 210. The method 300 starts at 310 with receiv 
ing position data 170 with the locating device 140, 240. At 
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320, the method 300 determines the approximate position of 
the vehicle 110, 210, based on the position data 170. At 330 
the wireless data stream 132 is broadcasted from the broad 
cast server 130. As detailed above, the wireless data stream 
132 includes the correction factors 123-126, 183-186 for 
each of the plurality of locations. 
0058. At 340 the receiver device 150, 250 receives the 
wireless data stream 132 and at 350 the selected correction 
factor is extracted from the wireless data stream 132 based 
on the location and the approximate position. At 360, the 
correction device 160,260 determines the refined position of 
the vehicle 110, 210 based on the selected correction factor 
and the approximate position. The method 300 then pro 
ceeds to 310 determine another refined position as necessary. 
0059. In a In a non-limiting embodiment, the vehicle 110, 
210 further includes vehicle sensors 190-194 to provide 
sensor data to the correction device 160, 260. In a non 
limiting embodiment, after 350, the method 300 proceeds to 
370 and sensor data is generated by the vehicle sensor 
190-194. At 380, the sensor data is provided to the correction 
device 160,260. After 380, the method 300 proceeds to 360 
and determines the refined position based on the sensor data, 
the approximate position, and the selected correction factor. 
0060. In a non-limiting embodiment, the wireless data 
stream 132 broadcasted at 330 is a single wireless data 
stream that includes all of the correction factors 123-126, 
183-186. In a non-limiting embodiment, the correction fac 
tors 123-126, 183-186 transmitted in the wireless data 
stream 132 at 33 are factors selected from the group con 
sisting of the satellite orbit correction factor, the satellite 
range factor, the model of satellite orbit model factor, the 
atomic clock correction factor, the ionosphere signal delay 
factor, the troposphere signal delay factor, or a combination 
thereof. In this way, the present disclosure contemplates that 
each of the correction factors 123-126, 183-186 may contain 
any number of individual factors to be used in the determi 
nation of the refined location 
0061 While various exemplary embodiments have been 
presented in the foregoing detailed description, it should be 
appreciated that a vast number of variations exist. It should 
also be appreciated that the exemplary embodiments are 
only examples, and are not intended to limit the Scope, 
applicability, or configuration of the disclosure in any way. 
Rather, the foregoing detailed description will provide those 
skilled in the art with a convenient road map for implement 
ing the exemplary embodiments. It should be understood 
that various changes can be made in the function and 
arrangement of elements without departing from the scope 
of the disclosure as set forth in the appended claims and the 
legal equivalents thereof. 

1. A system for locating a vehicle comprising: 
a locating device on the vehicle configured to receive 

position data and determine an approximate position of 
the vehicle: 

a remote server configured to report a correction factor for 
each of a plurality of locations; 

a broadcast server configured to broadcast the correction 
factors over a wireless data stream; 

a receiver device on the vehicle configured to receive the 
correction factors from the broadcast device over the 
wireless data stream; and 

a correction device on the vehicle configured to extract a 
selected correction factor from the wireless data stream 
based on the location and the approximate position and 
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determine a refined position of the vehicle based on the 
Selected correction factor and the approximate position. 

2. The system of claim 1, wherein the wireless data stream 
consists of a single wireless data stream that includes all of 
the correction factors. 

3. The system of claim 1, wherein the locating device 
comprises a global navigation satellite system. 

4. The system of claim 1, wherein the correction factor is 
selected from the group consisting of: 

a satellite orbit correction factor, a satellite range factor, 
a model of satellite orbit model factor, an atomic clock 
correction factor, an ionosphere signal delay factor, a 
troposphere signal delay factor, or a combination 
thereof. 

5. The system of claim 1, further comprising a vehicle 
sensor configured to provide sensor data to the correction 
device, the sensor data including at least one of a vehicle 
speed, a travel direction, and a vehicle acceleration, wherein 
the refined position is determined based on the sensor data. 

6. The system of claim 5, wherein the vehicle sensor 
comprises an inertial navigation sensor configured to gen 
erate sensor data in the form inertial navigation data. 

7. The system of claim 1, wherein the position data 
comprises a global navigation satellite signal and the cor 
rection device filters the position databased on the selected 
correction factor. 

8. A vehicle comprising: 
a telematics control unit comprising: 

a locating device configured to receive position data 
and determine an approximate position of the 
vehicle: 

a receiver device configured to receive a wireless data 
stream from a broadcast server, the wireless data 
stream containing a correction factor for each of a 
plurality of locations; and 

a correction device configured to extract a selected 
correction factor from the wireless data stream based 
on the location and the approximate position and 
determine a refined position of the vehicle based on 
the selected correction factor and the approximate 
position 

9. The vehicle of claim 8, wherein the wireless data 
stream consists of a single wireless data stream that includes 
all of the correction factors. 

10. The vehicle of claim 8, wherein the locating device 
comprises a global navigation satellite system. 

11. The vehicle of claim 8, wherein the correction factor 
is selected from the group consisting of: 

a satellite orbit correction factor, a satellite range factor, 
a satellite orbit model factor, an atomic clock correction 
factor, an ionosphere signal delay factor, a troposphere 
signal delay factor, or a combination thereof. 

12. The vehicle of claim 8, further comprising a vehicle 
sensor configured to provide sensor data to the correction 
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device, the sensor data including at least one of a vehicle 
speed, a travel direction, and a vehicle acceleration, wherein 
the refined position is determined based on the sensor data. 

13. The vehicle of claim 12, wherein the vehicle sensor 
comprises an inertial navigation sensor configured to gen 
erate sensor data in the form inertial navigation data. 

14. The vehicle of claim 8, wherein the position data 
comprises a global navigation satellite signal and the cor 
rection device filters the position databased on the selected 
correction factor. 

15. The vehicle of claim 8, further comprising a vehicle 
control system, wherein the vehicle control system is pro 
vided with the refined location. 

16. The vehicle of claim 15, wherein the vehicle control 
system includes at least one of a cruise control system, a 
navigation system, an autonomous driving system, a vehicle 
to vehicle communication system, and a platoon guidance 
system. 

17. A method of locating a vehicle comprising: 
receiving position data with a locating device on the 

vehicle: 
determining an approximate position of the vehicle based 

on the position data; 
broadcasting a wireless data stream from a broadcast 

server, the wireless data stream including a correction 
factor for each of a plurality of locations; 

receiving the wireless data stream with a receiver device 
on the vehicle: 

extracting a selected correction factor from the wireless 
data stream based on the location and the approximate 
position; and 

determining a refined location of the vehicle with a 
correction device on the vehicle, the refined location of 
the vehicle based on the selected correction factor and 
the approximate position. 

18. The method of claim 17, wherein the wireless data 
stream consists of a single wireless data stream that includes 
all of the correction factors. 

19. The method of claim 17, wherein the correction device 
filters the position data based on the selected correction 
factor selected from the group consisting of a satellite orbit 
correction factor, a satellite range factor, a satellite orbit 
model factor, an atomic clock correction factor, an iono 
sphere signal delay factor, a troposphere signal delay factor, 
or a combination thereof. 

20. The method of claim 17, further comprising: 
generating sensor data with a vehicle sensor, the sensor 

data including at least one of a vehicle speed, a travel 
direction, and a vehicle acceleration; 

providing the correction device with the sensor data; and 
determining the refined position based on the sensor data. 
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