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(57) ABSTRACT

The invention described herein relates to aiding a Satellite
Positioning System (SPS) receiver of a platform with a data
interface to the platform data. The platform, for example,
could be a vehicle, ship, aircraft, or a pedestrian. The SPS
receiver would be used to track the location of the platform.
The data interface would facilitate access by the SPS receiver
to the data of the platform, and the SPS receiver in turn could
provide SPS data (such as position, speed, and heading) to the
platform. A further aspect of the invention includes hardware
or software used by the data interface and the SPS receiver to
provide, format, time-stamp, synchronize, and match plat-
form data or SPS receiver data.
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METHOD AND SYSTEM FOR A DATA
INTERFACE FOR AIDING A SATELLITE
POSITIONING SYSTEM RECIEVER

PRIORITY CLAIM

[0001] This application is a non-provisional application
claiming benefit of priority under 35U.S.C. 119(e) of U.S.
Provisional Patent Application Ser. No. 60/509,163, filed Oct.
6, 2003, entitled “Distributed GPS/DR Navigation System,”
by Jaime B. Colley and Lars Boeryd, and U.S. Provisional
Patent Application Ser. No. 60/509,186, filed Oct. 6, 2003,
entitled “Integrated GPS and Map-Matching Navigation Sys-
tem,” by Jaime B. Colley and Lars Boeryd, both of which are
incorporated herein by reference in their entirety.

CROSS REFERENCE TO RELATED
APPLICATION

[0002] This application is related to copending U.S. patent
application Ser. No. , filed concurrently herewith,
entitled “A System and Method for Augmenting a Satellite-
Based Navigation Solution”, by Jaime B. Colley and Lars
Boeryd, which is incorporated by reference herein in its
entirety.

FIELD OF THE INVENTION

[0003] The invention described herein relates to location
and navigation systems using Satellite Positioning System
(SPS) data combined with various other data sources, to aid in
locating or navigating a platform, for example, an automo-
bile, ship, aircraft, or any other object that can generate data.

BACKGROUND OF THE INVENTION

SPS Receivers

[0004] SPS receivers, such as, for example, receivers using
the Global Positioning System (“GPS”), also known as
NAVSTAR, have become commonplace. It is appreciated by
those skilled in the art that GPS systems include Satellite
Positioning System “SPS” and/or Navigation Satellite Sys-
tems. In general, GPS systems are typically satellite (also
known as “space vehicle” or “SV”’) based navigation systems.
Examples of GPS systems include but are not limited to the
United States (“U.S.”) Navy Navigation Satellite System
(“NNSS”) (also know as TRANSIT), LORAN, Shoran,
Decca, TACAN, NAVSTAR, the Russian counterpart to
NAVSTAR known as the Global Navigation Satellite System
(“GLONASS”) and any future Western European GPS such
as the proposed “Galileo” program. As an example, the US
NAVSTAR GPS system is described in GPS Theory and
Practice, Fifth ed., revised edition by Hofmann-Wellenhof,
Lichtenegger and Collins, Springer-Verlag Wien New York,
2001, which is fully incorporated herein by reference.
[0005] GPSisfunded by and controlled by the U.S. Depart-
ment of Defense (DOD). While there are many thousands of
civil users of GPS worldwide, the system was designed for
and is operated by the U.S. military. GPS provides specially
coded satellite signals that can be processed in a GPS receiver,
enabling the receiver to compute position, velocity, and time.
At least four GPS satellite signals are used to compute posi-
tions in three dimensions and the time offset in the receiver
clock.

[0006] GPS position determination is based on a simple
mathematical principle called trilateration. In order to solve
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for user position, the GPS receiver must determine two
things: the location of at least three satellites above the user,
and the distance between the user and each of those satellites.
The GPS receiver solves these variables by analyzing high-
frequency, low-power radio signals from the GPS satellites.
[0007] At a particular time every day, the GPS satellite or
Space Vehicle (SV) begins transmitting a long, repeating,
digital pattern called a pseudo-random code. The GPS
receiver begins running the same digital pattern also at
exactly the same time. When the satellite’s signal reaches the
receiver, its transmission of the pattern will lag slightly
behind the receiver’s running of the pattern. The length of'the
delay is equal to the signal’s travel time. The receiver multi-
plies this time by the speed of light to determine how far the
signal traveled. Assuming the signal traveled in a straight line,
this is the distance from the receiver to the satellite.

[0008] Inorderto make this measurement, the GPS receiver
and satellite both need clocks that can be synchronized down
to the nanosecond. To make a satellite positioning system
using only synchronized clocks, one would need to have
atomic clocks not only on all of the satellites, but also in the
GPS receiver itself. Atomic clocks are not an inexpensive
consumer product. However, the Global Positioning System
uses a clever, effective solution to this problem. Every satel-
lite contains an expensive atomic clock, but the receiver itself
uses an ordinary quartz clock, which it constantly resets. In
summary, the receiver looks at incoming signals from four or
more satellites and gauges its own inaccuracy, but, of course,
the GPS clock is a source of errors too.

[0009] To determine location using four satellites, the GPS
receiver mathematically requires (for three-dimensional
positioning) that four spheres having a radius equal to the
distance from an SV to the GPS receiver, all intersect at one
point. Three spheres will intersect even if there are inaccura-
cies, but four spheres will not intersect at one point if the GPS
receiver has measured incorrectly. Since the GPS receiver
makes all its distance measurements using its own built-in
clock, the distances will all be proportionally incorrect.
[0010] The GPS receiver can easily calculate the necessary
adjustment that will cause the four spheres to intersect at one
point. Based on this, it resets its clock to be in sync with the
satellite’s atomic clock. The GPS receiver does this con-
stantly whenever it is on, which means it is nearly as accurate
as the expensive atomic clocks in the satellites.

[0011] In order for the distance information to be of any
use, the GPS receiver also has to know where the satellites
actually are located. This is not particularly difficult because
the satellites travel in very high and predictable orbits, the
GPS receiver simply stores an almanac in memory describing
where every satellite should be at any given time. Gravita-
tional forces like the pull of the moon and the sun do change
the satellites’ orbits very slightly, but the Department of
Defense constantly monitors their exact positions and trans-
mits any adjustments to all GPS receivers as part of the
satellites’ signals.

[0012] This system works well, but inaccuracies are
present. For example, this method assumes the radio signals
will make their way through the atmosphere at a consistent
speed (the speed of light). In fact, the Earth’s atmosphere
slows the electromagnetic energy down somewhat, particu-
larly as it goes through the ionosphere and troposphere. The
delay varies depending on where you are on Earth, which
means it is difficult to accurately factor this into the distance
calculations. Problems can also occur when radio signals
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bounce off large objects, such as skyscrapers, giving a
receiver the impression that a satellite is farther away than it
actually is. This phenomenon is sometimes referred to as
multipath. Furthermore, satellites sometimes transmit inac-
curate almanac data, misreporting their own positions.
[0013] Differential GPS (DGPS) helps correct these errors.
The basic idea is to gauge GPS accuracy at a stationary
receiver station. Since the DGPS hardware at the station
already knows its own position, it can easily calculate its
receiver’s inaccuracy. The station then broadcasts a radio
signal to all DGPS-equipped receivers in the area, providing
signal correction information for that area. In general, access
to this correction information makes DGPS receivers much
more accurate than ordinary receivers.

[0014] Three binary codes shift the satellite’s transmitted
L1 and/or L2 frequency carrier phase. The C/A Code (Coarse
Acquisition) modulates the L1 carrier phase. The C/A code is
a repeating 1 MHz Pseudo Random Noise (PRN) Code. This
noise-like code modulates the L1 carrier signal, “spreading”
the spectrum over a 1 MHz bandwidth. The C/A code repeats
every 1023 bits (one millisecond). There is a different C/A
code PRN for each SV. GPS satellites are often identified by
their PRN number, the unique identifier for each pseudo-
random-noise code. The C/A code that modulates the L1
carrier is the basis for the civil uses of GPS.

[0015] The GPS receiver produces the C/A code sequence
for a specific SV with some form of a C/A code generator.
Modern receivers usually store a complete set of precom-
puted C/A code chips in memory, but a hardware shift register
implementation can also be used. The C/A code generator
produces a different 1023 chip sequence for each phase tap
setting. In a shift register implementation the code chips are
shifted in time by slewing the clock that controls the shift
registers. In amemory lookup scheme the required code chips
are retrieved from memory. The C/A code generator repeats
the same 1023-chip PRN-code sequence every millisecond.
PRN codes are defined for 32 satellite identification numbers.
The receiver slides a replica of the code in time until there is
correlation with the SV code.

[0016] Receiver position, that is, the end user position, is
computed from the SV positions, the measured pseudo-
ranges (corrected for SV clock offsets, ionospheric delays,
and relativistic effects), and a receiver position estimate (usu-
ally the last computed receiver position). This is illustrated in
the following pseudo-range navigation solution example,
where three satellites are used to determine three position
dimensions with a perfect receiver clock. In actual practice,
three SVs are used to compute a two-dimensional, horizontal
fix (in latitude and longitude) given an assumed height. This
is often possible at sea or in altimeter equipped aircraft. Five
or more satellites can provide position, time and redundancy.
More SVs can provide extra position fix certainty and can
allow detection of out-of-tolerance signals under certain cir-
cumstances.

[0017] Inaddition to the aforementioned clock errors, mul-
tipath errors, and land almanac errors, GPS position errors
result from a combination of many other factors, including
noise, bias, and blunders, Noise, bias, and blunder errors
combine, resulting in typical ranging errors for each satellite
used in the position solution. Noise errors are the combined
effect of PRN code noise (around one meter) and noise within
the receiver noise (around one meter). Bias errors result from
Selective Availability and other factors. SA is controlled by
the DOD to limit accuracy for non-U.S. military and govern-
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ment users. The potential accuracy of the C/A code of around
30 meters is reduced to 100 meters. Additionally, SV clock
errors, Ephemeris data errors, Tropospheric delays, Iono-
sphere delays, and multipaths can all result in bias errors.
Multipath is caused by reflected signals from surfaces near
the receiver that can either interfere with or be mistaken for
the signal that follows the straight line path from the satellite.
Multipath is difficult to detect and sometimes hard to avoid.
Blunders can result in errors of hundreds of kilometers. Blun-
ders include control segment mistakes due to computer or
human error and can cause errors from one meter to hundreds
of kilometers. User mistakes, including incorrect geodetic
datum selection, can cause errors from one to hundreds of
meters. Receiver errors from software or hardware failures
can cause blunder errors of any size.

[0018] Inanenvironment where the SPS signal reception is
poor, dead reckoning (DR) position data can be used to
supplement SPS receiver position information. In the terres-
trial or near-terrestrial environment, such as for automobiles,
ships, boats, and aircraft, dead reckoning uses such simple
“inertial navigation™ tools as an odometer sensor and a gyro-
scope, such as a vibrational gyroscope.

[0019] DR navigation requires that the vehicle’s travel dis-
tance and direction are available in substantially real time and
on a substantially continuous basis. In textbook dead reckon-
ing, the distance and direction are represented as a vector sum
of'the many course and distance vectors from origin to current
location. In the aviation and marine environments, wind and
current vectors are also present from instrumentation. In an
automobile, the travel distance information is obtained from
an odometer, while the direction information is typically
obtained from a gyroscope, to provide location information.

SPS and DR in Automotive Applications

[0020] Ifavehicleequipped with DR navigation starts a trip
from a known location, the distance and direction from the
known location can be used to determine the current location.
For example, if the vehicle is traveling on a flat road, the travel
and direction information (the individual direction and dis-
tance (that is, either “velocity times time” or odometer) vec-
tors) can be summed to compute the vehicle’s present posi-
tion.

[0021] Anodometeris a standard item of equipment, where
the number of revolutions at a non-traction wheel is converted
into a distance traveled value. The number of revolutions is
converted into a distance with the odometer scale factor.
However, the odometer scale factor changes over time due,
for example, to tire slipping and skidding, tire pressure varia-
tions, tire wear, and even vehicle speed. This can cause sig-
nificant positional error. However, vibrational gyroscopes are
sensors that measure the angular rate (heading rate) based on
Coriolis acceleration. A vibrational gyroscope outputs a volt-
age that is proportional to the angular velocity of the vehicle.
The vehicle’s heading rate is obtained by multiplying the
vibrational gyroscope output voltage by a scale factor. How-
ever, vibrational gyroscopes, like odometers, also suffer from
error accumulation. This can be due to gyroscope bias and
scale factor instability. Gyroscope bias is almost always
present, and is to some extent temperature dependent. It is an
observable error, and can cause a gyroscope to output a non-
zero value even if the angular velocity is zero. Gyroscope bias
is observable even when the vehicle is not moving or when it
is moving in a straight line. Gyroscope scale factor error
affects gyroscope measurements when the vehicle is turning.
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[0022] Both SPS receivers and DR suffer from limitations.
For example, the SPS signal may have SPS receiver errors or
the SPS signal may not be available in obstructed areas such
as urban canyons or tunnels. While the DR system can drift
over time and accumulate errors. However, the integration of
SPS and DR yields a positioning system that is superior to
either SPS or DR alone. The two systems are integrated
through digital signal processing (DSP) where the SPS sub-
system inputs control the drift and error accumulation of the
DR subsystem, and the DR subsystem becomes the main
positioning system during SPS outages. The result is an inte-
grated system that is better than either alone.

[0023] The integration of SPS with DR in the urban terres-
trial environment is particularly valuable for urban transit
vehicles, urban delivery vehicles, and first responder
vehicles. In the case of urban transit vehicles, real time transit
vehicle locations aid scheduling and vehicle management and
can provide real time information to passengers at transit
stops. For delivery vehicles, real time position information is
a powerful fleet monitoring tool that minimizes delivery
delays and enhances profitability. As to first responder emer-
gency vehicles, the minimization of delays enroute to a fire,
accident, or life threatening medical emergency is critical.
Current Problems with Conventional SPS and DR in Auto-
motive Applications

[0024] Conventional automotive SPS systems with DR
implementations typically comprise a SPS receiver and a
navigation processor, which has the capability of receiving
direct DR sensor measurements, i.e. the gyroscope and odom-
eter signals are brought directly to the navigation processor
from the sensors themselves. The reason this is done is two-
fold. Firstly, it eliminates any timing discrepancy between the
DR sensors’ measurements and the SPS measurements; they
are all on the same time base. Secondly, It gives the system
architect complete control over the DR sensor sampling rate.
Usually, the gyroscope will be collocated with the navigation
processor, and odometer and reverse signals will come in to
the navigation processor through dedicated wires (one wire
per signal) directly to the navigation processor. Finally, in
most instances, the SPS system is only part of a larger dedi-
cated system, such as a telematics system, that provides all
data inputs and outputs to the rest of an automobile.

[0025] In conventional systems the navigation processor
and SPS receiver data are combined with vehicle sensor data,
such as gyroscope data, to produce a vehicle location solu-
tion. Vehicle sensor data, however, is processed DR calcula-
tions to obtain a vehicle location. Though SPS receiver data
alone provides location, current vehicle location technology
can combine the SPS receiver data with vehicle sensor data so
that the two data sources may supplement and enhance each
other. For example, if SPS measurements are temporarily
unavailable due to a major obstruction existing between the
vehicle’s SPS antenna and the SPS satellites, vehicle sensor
data can provide location using DR calculations alone.
[0026] Referring to FIG. 1, an automobile navigation sys-
tem 100 found in the prior art is shown. A SPS antenna 102
receives SPS signals transmitted from SPS satellites 103. The
SPS signals are sent to the SPS receiver 104. Typically, the
SPS receiver comprises a SPS radio and a location processor.
In the SPS receiver 104, the SPS signals are converted from
analog to digital signals. The location processor in the SPS
receiver 104 uses these digital signals to compute position,
velocity, and heading. The SPS receiver then sends the com-
puted values for position, velocity, and heading, the SPS
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receiver data, to a navigation processor 106. The navigation
processor 106 receives other sources of data in addition to the
SPS receiver data. The navigation processor 106 receives
heading rate data from a gyroscope 108. The gyroscope 108 is
physically connected to the navigation processor 106 with a
wire. The gyroscope 108 provides vehicle data representing
the heading rate of the vehicle. This is a direct measurement
of heading.

[0027] Typically, the navigation processor 106 receives two
other sources of vehicle sensor data in addition to the gyro-
scope and SPS receiver data. The navigation processor 106
receives vehicle sensor data from the vehicle speed sensor
110 and the vehicle reverse signal sensor 112. The vehicle
speed sensor 110 provides a vehicle speed signal to the navi-
gation processor 106. The vehicle reverse signal sensor 112
provides reverse signal data to the navigation processor 106.
These two sensors are physically connected to the navigation
processor 106 with wires.

[0028] So the navigation processor 106 typically receives
four sources of data, the SPS receiver data, the gyroscope
data, the vehicle speed signal data, and the reverse signal data.
These four sources of data are each provided to the navigation
processor 106 separately. In some systems, the navigation
processor 106 receives additional sources of vehicle sensor
data, such as, for example, compass data and map data, used
in determining location and navigation solutions for the
vehicle. These sources of data are combined and processed in
the navigation processor 106 to provide a vehicle location
result. Typically, the SPS receiver data plays two roles in the
calculations taking place in the navigation processor 106.
One role is to calibrate the other vehicle sensor data. Another
role is to check on the accuracy of the location solution
obtained by the dead reckoning calculations performed on the
gyroscope and the vehicle sensor data (the non-SPS receiver
data).

[0029] Once the navigation processor 106 calculates a
vehicle location solution based on the SPS receiver data and
the vehicle sensor data, the vehicle location solution is typi-
cally sent to an external output, such as, for example, a display
114. The display 114 can be viewed by the vehicle operator
thus providing the driver with location information. Other
similar examples of SPS systems found in the prior art are
described in Understanding GPS: Principles and Applica-
tions, ch. 9 (Elliott D. Kaplan ed., Artech House Publishers,
1996), incorporated herein by reference in its entirety.
[0030] This traditional system for determining vehicle
location has drawbacks. Conventional automotive SPS sys-
tems with DR implementations as described above have at
least some disadvantages. Firstly, there are installation issues.
In order to operate the system, an installer must make a
physical connection to the vehicle speed sensor (VSS) and to
the source of the reverse signal. Since there is no one industry
wide standard dedicated connection for these signals in a
motor vehicle, the process of locating and routing these wires
tends to be labor intensive and prone to errors. In order for the
system to operate, a physical connection must be installed
between each of these vehicle sensors directly to the naviga-
tion processor. Since these vehicle sensors are often in differ-
ent locations on the vehicle and the process of routing wires
from the individual vehicle sensors to the navigation proces-
sor can be difficult.

[0031] Secondly, because the DR+SPS receiver is part of a
larger system, the internal navigation data is usually not avail-
able to the rest of the automobile’s systems. However, there is
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a need to have access to this broader level of information, for
example in an integrated position and diagnostics reporting
unit.

[0032] Another drawback of the traditional system
described is the difficulty associated with using gyroscopes.
Gyroscope operation is directionally sensitive. To properly
operate, a gyroscope must be installed in a specific direction
with respect to the object being measured by the gyroscope.
This design parameter constrains vehicle designers with
respect to how and where to install a gyroscope. This diffi-
culty associated with the use of gyroscopes provides a draw-
back to location systems designed with gyroscopes.

[0033] Yetanother drawback associated with the traditional
system is a limitation on vehicle sensor data access. As
described, data from a vehicle sensor is sent from that par-
ticular vehicle sensor over a wire to the navigation processor.
The vehicle sensor data sent via the hardwire connections
from each vehicle sensor to the navigation processor is not
available outside of the navigation processor. This limits the
application of this vehicle sensor data. The limited access to
the data received by the navigation processor is an ineffi-
ciency in the traditional system.

[0034] Therefore, a need exists for new and better methods
and systems for using data in SPS systems. This invention
provides methods and systems for improved use of data with
SPS systems.

SUMMARY OF THE INVENTION

[0035] A method for providing data to a receiver for aiding
in platform location, in accord with the invention, comprises
maintaining platform data on a platform data bus, collecting
the platform data from the platform data bus by means of a
data interface, formatting the collected platform data into a
message, and providing the message to a receiver. In one
embodiment the receiver is an SPS receiver.

[0036] In another embodiment of the invention, a method
for synchronizing platform data with SPS data for aiding in
platform location comprises receiving SPS data in a SPS
receiver, tracking the time at which the SPS data is received,
receiving platform data in the SPS receiver, tracking the time
at which the platform data is received in the SPS receiver, and
matching the SPS data with the platform data based on time.
[0037] In yet another embodiment of the invention, a sys-
tem for a platform is disclosed. The system comprises a SPS
receiver, SPS data, a platform data bus, platform data, and a
data interface providing access between the platform data bus
and the SPS receiver.

[0038] Inanother embodiment of the invention, a system of
aplatform is disclosed. The system comprises a SPS receiver,
a data interface, platform data, and a platform network. The
SPS receiver and the platform network exchange data via the
data interface.

[0039] Inanother embodiment of the invention, a system of
aplatform is disclosed. The system comprises a SPS receiver
and a platform network where the SPS receiver and the plat-
form network are in communication.

[0040] In another embodiment of the invention, a comput-
erized method for providing platform data from a platform
datanetwork to a SPS receiveris disclosed. The computerized
method comprises, establishing communication between a
platform data network and a SPS receiver, obtaining platform
data from the platform data network, and providing the plat-
form data to the SPS receiver.
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[0041] In yet another embodiment of the invention, a
method for providing platform data from a platform data
network to a SPS receiver is disclosed. The method comprises
establishing communication between a platform data net-
work and a SPS receiver, obtaining platform data from the
platform data network, and providing the platform data to the
SPS receiver.

[0042] In another embodiment of the invention, a com-
puter-readable medium having computer-executable instruc-
tions for performing a method is disclosed. The computer
readable medium comprises maintaining a database of plat-
form data, collecting the platform data with a data interface,
and providing the platform data to a SPS receiver with the
data interface.

[0043] In another embodiment of the invention, a location
system for a platform is disclosed. The location system com-
prises a means for maintaining a database of platform data, a
means for collecting platform data, and a means for providing
the platform data to a SPS receiver.

[0044] In another embodiment of the invention, a location
system for a platform is disclosed. The location system com-
prises a data interface, having an input and an output, a data
bus containing platform data and having an input and an
output, the output of the data bus connected to the input of the
data interface, and a SPS receiver having an input and an
output, the input of the SPS receiver connected to the output
of the data bus.

[0045] In another embodiment of the invention, a com-
puter-readable medium is disclosed. The computer readable
medium having stored thereon a data structure for a message.
The data structure comprises a first field containing data
representing a message header, a second field containing data
representing the number of valid data sets in the message, a
third field containing data representing the type of data in the
message, and a fourth field containing data representing val-
ues for desired vehicle sensor characteristics of interest to a
SPS receiver.

BRIEF DESCRIPTION OF THE DRAWINGS

[0046] Various aspects of the invention are illustrated in the
attached Figures.

[0047] FIG. 1 is a block diagram of a prior art vehicle
navigation system.

[0048] FIG. 2 is a block diagram of a vehicle navigation
system, in accordance with one embodiment of the invention.
[0049] FIG. 3 is a block diagram of a vehicle location
system, in accordance with one embodiment of the invention.
[0050] FIG. 4 is a block diagram of a SPS receiver and
associated components, in accordance with one embodiment
of the invention.

[0051] FIG. 5 is a block diagram of a SPS receiver and
associated components, in accordance with one embodiment
of the invention.

[0052] FIG. 6 is a block diagram of a platform location
system, in accordance with one embodiment of the invention.
[0053] FIG. 7 is a block diagram of a vehicle navigation
system, in accordance with one embodiment of the invention.
[0054] FIG. 8 is a block diagram of a vehicle navigation
system, in accordance with one embodiment of the invention.
[0055] FIG. 9 is a block diagram of a vehicle location
system, in accordance with one embodiment of the invention.
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[0056] FIG. 10A, B represent a high level flow chart for a
process for processing SPS data and automobile data bus data
in an automobile, in accordance with one embodiment of the
invention.

[0057] FIG. 11 represents a high level flow chart for a
process for collecting, time stamping, transmitting, and stor-
ing data, in accordance with one embodiment of the inven-
tion.

[0058] FIG. 12 represents a high level flow chart of a pro-
cess which implements a process for matching SPS data and
DR data, in accordance with one embodiment of the inven-
tion.

[0059] FIG. 13 is a flow chart depicting a process for pro-
viding platform data from a platform data network to a SPS
receiver, in accordance with one embodiment of the inven-
tion.

[0060] FIG. 14 is a flow chart depicting a process for for-
matting vehicle data, in accordance with one embodiment of
the invention.

DESCRIPTION OF PREFERRED
EMBODIMENTS

[0061] Inthe following detailed description of the preferred
embodiments, reference is made to the accompanying draw-
ings which form a part hereof, and in which are shown by way
of illustration specific embodiments in which the invention
may be practiced. These embodiments are described in suf-
ficient detail to enable those skilled in the art to practice the
invention, and it is to be understood that other embodiments
may be utilized and that structural, logical, and electrical
changes may be made without departing from the spirit and
scope of the present inventions. The following detailed
description is, therefore, not to be taken in a limiting sense,
and the scope of the present inventions is defined only by the
appended claims.

[0062] In one embodiment of the invention a location sys-
tem for a mobile platform is provided. The term “platform”
refers to an end-user object. that can collect and optionally
report internal data, receive SPS (and optionally DR) naviga-
tion data, and optionally can process the received data for
location information. This platform typically includes the
following elements: a SPS receiver, one or more sensors
providing platform data to a data bus, and an interface for
providing platform data from the data bus to the SPS receiver,
where the system combines platform data and SPS receiver
data in a processor to determine position. Examples of a
platform include, but are not limited to, an automotive
vehicle, a ship, a boat, an aircraft, a pedestrian, a cyclist, and
a hiker.

[0063] Inoneembodiment of the invention, the platform is
an automobile vehicle (not shown). Referring to FIG. 2, an
automotive vehicle navigation system 200, residing in a
vehicleis provided in accordance with one embodiment of the
present invention. In this embodiment, the system provides a
location processor 206 with access to vehicle sensor data
from a vehicle data bus 210 via a data interface 208. The
automobile navigation system 200 comprises a SPS antenna
202 a data interface 208, an automobile data bus 210, a
navigation processor 212, a SPS receiver 214, and a software
module 216. The SPS receiver 214 comprises an SPS radio
204 and a location processor 206. The data interface 208
provides access to the platform data on the automobile data
bus 210 by the SPS receiver 214.
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[0064] The vehicle provides location inputs such as plat-
form data to a processor via an interface. In this embodiment,
the interface is a data interface 208. In one embodiment, the
location inputs in the form of platform data include vehicle
sensor data such as, for example, speed, course, direction,
individual wheel pulses, etc. In one embodiment, the platform
data is collected by the interface from a platform data bus. A
platform data bus refers to an area or areas on a platform
where data related to the platform, such as a vehicle’s internal
data, is collected and disseminated. An example of a platform
data bus is a vehicle data bus 210. Another area where plat-
form data can be collected and disseminated would be a data
network. In one embodiment, a data network is the repository
of the knowledge of a platform. In this embodiment, the
platform is a vehicle and the platform data is collected and
disseminated by a vehicle data bus 210.

[0065] Inthis embodiment, the data interface 218 provides
access between the automobile data bus 210 and the location
processor 206 of the SPS receiver 214. The vehicle’s internal
data network can be accessed by the location processor 206
via the data interface 208. In this embodiment, the data inter-
face 208 provides access via a wired connection. In another
embodiment, a data interface provides access with a wireless
link. In this embodiment the data interface 208 provides the
location processor 212 with access to the vehicle data bus
210. In another embodiment, a data interface provides access
between a platform data bus and a navigation processor, such
as navigation processor 212.

[0066] One aspect of this feature is that it solves the prob-
lem of hard wiring from a navigation processor to the vehicle
sensors. Thus, in one embodiment, this invention eliminates
the need for directly wired connections from vehicle sensors
to a navigation processor.

[0067] A new feature of this embodiment is the functions
performed by the software module 216 of the data interface
208 facilitating data transfer between the automobile data bus
210 and the SPSreceiver 214. The software module 216 in the
data interface 208, formats the vehicle sensor data such that
the structure of the data is compatible for processing in the
location processor 206. An example of such a process for data
formatting is found in FIG. 14. In other embodiments, the
software module 216 can perform any other processing per-
formed by the data interface 208. In other embodiments,
functions performed by the software module 216 may be
performed in another area of the system 200, such as, for
example in the location processor 206, the automobile data
bus 210, or another area within the data interface 208, etc. The
data interface 208 can also perform other synchronization
between the platform data and SPS receiver data as further
described in Figures below. For example the data interface
208 can perform data synchronization on characteristics,
including, but not limited to physical format, collection time,
etc.

[0068] The location processor 206 receives platform data,
such as, for example, vehicle sensor data from the data inter-
face 208. The data interface 208 is connected by a wire to the
automobile data bus 210. The automobile data bus 210 sends
vehicle sensor data across a wire to the data interface 208. In
one embodiment, the vehicle sensor data is serial data. In one
embodiment, the automobile data bus 210 is defined by an
industry specification. Examples of such industry specifica-
tions include, but are not limited to the following: ISO-9141,
Keyword 2000, CAN, J1850 PWM, and J1850 VPW. An
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exemplary device, which embodies the hardware of the data
interface 208 is the NC1, available from Cubic Labs, Inc. of
Ann Arbor, Mich.

[0069] The automobile data bus 210 maintains vehicle data
from a collection of vehicle sensors 218. In one embodiment,
the vehicle sensors 218 are physically connected to the auto-
mobile data bus 210 with wires. In another embodiment, the
vehicle sensors 218 can be connected wirelessly, or through a
network to the automobile data bus 210. The vehicle data
provided by the automobile data bus can include data from the
vehicle speed sensor, the reverse signal sensor, and many
others. This type of sensor data can be used by the location
processor 206 to assist in calculating the inertial location of
the vehicle.

[0070] Further describing one embodiment of the inven-
tion, the SPS antenna 202 receives SPS signals transmitted
from the SPS space vehicles orbiting the earth (not shown).
The SPS signals are sent to the SPS radio 204. In the SPS
radio 204 the SPS signals are converted from analog signals to
digital data. The SPS digital signal is sent to the location
processor 206 representing SPS range and range rate mea-
surement data.

[0071] The location processor 206 receives two sources of
data, the SPS measurement data, and the vehicle sensor data
from the automobile data bus 210. These sources of data are
combined and processed in the location processor 206 to
provide a vehicle location solution.

[0072] Oncethelocation processor 206 calculates a vehicle
location based on the SPS measurement data and the platform
data, the SPS location solution can be sent to the navigation
processor 212 or some other device, such as, for example, a
display (not shown). In the navigation processor 212, the SPS
location solution can be further processed. Though not pro-
vided in this embodiment, a gyroscope could optionally be
connected to either the location or navigation processor. In
one embodiment, the SPS location solution can also be sent
back to the automobile data bus 210 for transmission to other
parts of the vehicle.

[0073] The data including SPS raw data and vehicle sensor
data is optimally integrated to provide a vehicle location
value. In other embodiments, additional directly coupled sen-
sors can be used. This invention provides for using available
vehicle sensors as well as new vehicle sensors to better deter-
mine vehicle location in conjunction with SPS and DR. For
example, vehicle sensors or data gathering devices of any
type may be used, even those not currently available.

[0074] In different embodiments, where the access to plat-
form data is provided from a platform data port, a data bus, or
a diagnostic unit. The access to platform data may be through
a wire, a cable, a bus, through an antenna, Bluetooth, or by
some other means.

[0075] In another embodiment, the navigation processor
212, with inputs from the SPS receiver 214, uses the SPS
receiver and automobile sensor data in its DR algorithms. The
platform data from the data interface 208 could also be used
in the navigation processor 212. The result, when combined
with SPS measurements and algorithms, determine as an
output a vehicle location solution. The navigation processor
can also provide navigation outputs. The vehicle location
solution from the navigation processor 212 could be sent to
the automobile data bus 210 via the SPS receiver 214. In other
embodiments, the data interface 208 could be directly access-
ing the navigation processor 212. The vehicle location solu-
tion can then be distributed through the automotive data net-
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work to the rest of the automobile’s systems, including
outputs to the driver and the passengers.

[0076] In another embodiment of FIG. 2, the system uti-
lizes platform data, such as, operational and performance
state data. For example, the platform data may include, but is
not limited to one or more of the following data inputs:
odometer speed pulses, gyroscope heading rate, individual
wheel pulses/speed, compass heading, accelerations. In most
automobiles manufactured commercially today, the vehicle
data that can be accessed through the vehicle’s data network.
The vehicle data includes, but is not limited to: odometer
speed pulses, gyroscope heading rate, individual wheel
pulses/speed information, differential speed information
from each axle, compass heading, accelerations, map and
topological data as well as route data, doppler sensor mea-
surements (millimetric wave radar), and steering wheel angle.
[0077] In another embodiment, the SPS system is adapted
to receive this type of platform data and use it to aid in
determining location. In vehicles, for example, this invention
provides the capacity to obtain and use more data than only
the odometer and reverse data. The SPS system uses this type
of platform data in its DR algorithms, which combined with
SPS measurements and algorithms can ultimately determine
position, speed, heading, and more location and navigation
based parameters. These processor results can then be sent to
the automobile data bus 210 and distributed back through an
automotive data network to the rest of the automobile’s sys-
tems. The processor results can also be sent out of the vehicle
to another independent system.

[0078] Inanother embodiment, the SPS system utilizes the
various vehicle data sources from the automobile data bus
210 and the SPS antenna 202 to determine the most accurate
platform data available for location calculation. Thereby, ecase
of integration into multiple automotive platforms is allowed.
[0079] Inanother embodiment, the data interface 208 inter-
rogates various vehicle data sources from the automobile data
bus 210 and self-configures to access and utilize the available
vehicle data. This enables one SPS system to be manufactured
and installed across a range of different manufacturer’s
vehicles, as well as across one manufacturer’s different series
or models. Using a vehicle data bus to gather platform data
allows optimization of the platform data.

[0080] In another embodiment, the data interface 210
searches for available platform data from the automobile data
bus 210 and determines what is available and relevant to
conduct Dead Reckoning or other location and navigation
algorithms. As not all vehicles will have the same sensors
available, this invention can optimize what is available. In
another embodiment, the invention will scan what is available
and optimize the calculations tailored to the available data on
a particular vehicle. Different vehicle lines or option pack-
ages may have different vehicle sensors. For example, a par-
ticular vehicle model could come with a package containing
traction control having certain sensors not available or acti-
vated on the package without traction control.

[0081] Inanother embodiment, the system observes which
sensors are available and intelligently uses them. Therefore,
this embodiment of the system would accommodate different
vehicles with different sensor configurations.

[0082] In another embodiment, the system eliminates the
need for a gyroscope by accessing other vehicle sensor data
via the automobile data bus that provide heading rate. In one
embodiment, the heading rate can be derived by differencing
the individual wheel pulses for wheels on a common axle. A
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sensor can be placed on each tire to record wheel pulses. Each
of these sensors can be connected to the automobile data bus.
The wheel pulse data from each tire can be sent from these
sensors to the automobile data bus. A processor can then
receive the wheel pulse data from the automobile data bus.
The processor can then difference the individual wheel pulse
data from wheels on a common axle to calculate the heading
rate. In this embodiment, the gyroscope becomes optional.
[0083] In another embodiment, the gyroscope is included.
In the gyroscope enabled embodiment, the gyroscope data is
provided to a processor either as data from a bus, or via a
direct wire connection. In another embodiment, the gyro-
scope data is provided to a location processor. In yet another
embodiment, the gyroscope data is provided to a navigation
processor.

[0084] Another embodiment of the invention provides
greater access to internal navigation data. As the SPS system
has access to the platform data bus via the data interface 208,
the vehicle data bus 210 similarly has access to the data from
the SPS system. Obtaining vehicle sensor data from a plat-
form data bus allows access to the platform data by other parts
of the vehicle, thus making the platform data residing in the
platform data bus available to the entire vehicle, in one
embodiment. Also, data from the location processor 206, such
as the SPS based solution can be sent to the platform data bus.
The data on the platform data bus can be read across the entire
vehicle network.

[0085] Descriptions herein use GPS receivers by way of
illustration and exemplification, and not limitation. Though
some embodiments are described with GPS receivers, the
invention is not limited to GPS receivers only, and encom-
passes any type of satellite positioning system (SPS).

[0086] Descriptions herein use vehicles by way of illustra-
tion and exemplification, and not limitation. Though some
embodiments are described with vehicles, the invention is not
limited to vehicles only, and encompasses any type of plat-
form that may utilize SPS. This description herein uses auto-
mobile data buses by way of illustration and exemplification,
and not limitation. Though some embodiments are described
with automobile data buses, the invention is not limited to
automobile data buses only, and can encompass any type of
data bus or collection point for data. In further embodiments,
more than one data bus can be utilized.

[0087] Referring to FIG. 3, an automobile location system
300 is provided in accordance with one embodiment of the
present invention. The automobile location system comprises
a SPS antenna 302, a vehicle data bus 304, a SPS receiver 306,
a bus connector 308, a vehicle interface network (VIN) 310,
reverse signal wire 3124, vehicle speed signal wire 3125, and
a gyroscope 316. Various embodiments of SPS receiver 306
are further described in FIGS. 4 and 5.

[0088] The SPS antenna 302 receives SPS signals transmit-
ted from the SPS satellites (not shown). In one embodiment,
the SPS antenna 302 is a model AT575-6 available from
AeroAntenna Technology, Inc. The SPS signals are sent to the
SPS receiver 306. In the SPS receiver 306 the SPS signals are
converted from analog to digital data representing SPS mea-
surement data.

[0089] Many sensors currently exist on a vehicle. These
sensors are increasingly being used to assist in monitoring
vehicle emissions, component performance, and component
failures. The On Board Diagnostic System II (OBDII) is a
system providing monitoring of vehicle emission component
performance. This system was created to comply with gov-
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ernment regulation of vehicle emissions. The OBDII unit is
one example of an automobile data bus.

[0090] An automobile data bus 304 is connected to a bus
connector 308 by a wire. In one embodiment, the automobile
data bus 304 is an OBD II unit. In one embodiment, the
automobile data bus 304 complies with one of the following
protocols: 1850-9141, Keyword 2000, CAN, J1850 PMW,
and J1850 VPW. In one embodiment of the bus connector 308
is a standard connector. The automobile data bus 304 sends
vehicle sensor signals across the wire to the bus connector
308. The bus connector 308 is connected to the vehicle inter-
face network 310. The vehicle interface network 310 receives
vehicle sensor data from the bus connector 308. In one
embodiment, the vehicle interface network 310 is a FleetRe-
corder from Cubic Labs. The vehicle interface network 310 is
connected to the SPS receiver 306. The SPS receiver 306
receives vehicle sensor signals from the vehicle interface
network 310. In one embodiment, the SPS receiver 306 is a
SiRFStar2e/LP from SiRF Technologies, Inc.

[0091] In this embodiment, reverse signal wire 312a and
vehicle speed signal wire 3125 provide a signal interface 312.
The signal interface 312 provides signals from the vehicle
interface network 310 to the SPS receiver 306. Across the
reverse signal wire 312a the SPS receiver 306 receives the
reverse signal of the vehicle. Across the vehicle speed signal
wire 3125 the SPS receiver 306 receives the vehicle’s odom-
eter signal. In another embodiment, the vehicle interface net-
work 310 can send digital data to the SPS receiver 306 via one
or more serial data lines. In yet another embodiment, the
vehicle interface network 310 can send digital data to the SPS
receiver 306 via one or more parallel data lines.

[0092] In this embodiment, the automobile data bus 304
maintains vehicle sensor information, in the form of signals
from a collection of vehicle sensors. In one embodiment, the
vehicle sensors (not shown) are physically connected to the
automobile data bus 304 with wires. The sensors tracked by
the automobile data bus 304 can include the vehicle speed
sensor, the reverse signal sensor, and many others. In this
embodiment, the gyroscope 316 provides gyroscope data or
signals to the SPS receiver 306. The gyroscope 316 is con-
nected to the SPS receiver 306 by a wire 318. In one embodi-
ment, the gyroscope 316 is a Murata ENV-05. In another
embodiment, the gyroscope 316 is a Panasonic EWTS. From
all of the signals received the SPS receiver 306 can calculate
the inertial position of the vehicle, provided as a SPS based
location solution.

[0093] In this embodiment, the SPS receiver 306 receives
three sources of inputs, the SPS signals from the SPS antenna
302, the vehicle sensor signals from the signal interface 312,
and heading rate information from the gyroscope 316. These
inputs are processed in the SPS receiver 306 to provide a SPS
based location solution. Once the SPS receiver 306 calculates
a vehicle location based on the SPS measurement data, the
gyroscope input, and the vehicle sensor signals, the SPS
based location solution can be sent to a display (not shown).
The SPS solution can also be sent back to the automobile data
bus 304 via the VIN 310 and the bus connector 308, for
transmission to other parts of the vehicle.

[0094] Another feature of the invention is that in one
embodiment, it provides greater access to internal SPS sys-
tem data. As the SPS receiver 306 has access to the contents
of the automobile data bus 304, via the VIN 310 and the bus
connector 308, the automobile data bus 304 similarly has
access to the data from the SPS receiver 306. Obtaining
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vehicle sensor signals from an automobile data bus 304 with
the vehicle interface network 310 allows access to the vehicle
sensor data by other parts of the vehicle. This makes the
information residing in the automobile data bus 304 available
to the entire vehicle. Also, data from the SPS receiver 306,
such as the SPS based location solution can be sent to the
automobile data bus 304. The signals and data on the auto-
mobile data bus 304 can be available to read across the entire
vehicle network.

[0095] Referring to FIG. 4, a SPS receiver 400 is shown in
simplified form. The SPS receiver 400 includes several com-
ponents, some of which are described herein. The SPS
antenna 402, external to the SPS receiver 400, sends data to a
low noise amplifier (LNA) 404. The LNA 404 is optional. The
LNA 404 sends the SPS measurement data to a radio fre-
quency (RF) filter 406. After filtering, SPS data is sent to an
analog RF Chip 408 which receives and demodulates the
incoming SPS data. The RF Chip 408 contains a reference
crystal (REF XTAL)407. The LNA 404, the RF filter 406, and
the RF Chip 408 performs as an SPS radio, such as, for
example, SPS radio 204 as shown in FIG. 2.

[0096] The SPS data is then sent to the digital Baseband
Chip 410. An RF chip which embodies the functionality of the
RF Chip 408 is the SiRFstar GRF2i/LP, part no. GRF2i/L.P-
0214, which is available from SiRF Technology, Inc. of San
Jose, Calif. A baseband chip which embodies the functional-
ity of the Baseband Chip 410 is the GSP2e/LP, part number
GSP2E/LP-7460 which is available from SiRF Technology,
Inc. The Baseband Chip 410 typically comprises an ARM7
processor (not shown). The Baseband Chip 410 can receive
and send serial data across line 424 as well as send out
timemarks across line 422 through Pins 412. The Baseband
Chip 410 contains a real time clock crystal (RTC XTAL) 411.
The Baseband Chip 410 receives its electric power from an
external source (not shown). Power from an external battery
source is sent across lines 428, 426 through the Pins 412 to a
reset controller 414. The electric power is sent from the reset
controller 414 to the Baseband Chip 410. In one embodiment,
serial line 430 can receive serial data from a data interface,
such as data interface 208 as shown in FIG. 2.

[0097] The Baseband Chip 410 processes digital data, such
as the SPS data sent from the RF Chip 408 and serial data
received from outside the SPS receiver 400. ROM 416 is
included in the SPS receiver 400. The RAM (not shown) is
optionally included in the SPS receiver 400. An address bus
communicates across line 420 between the Baseband Chip
410 and the ROM 416. The Baseband Chip 410 and the ROM
416 provide the main components for a location processor,
such as, for example, location processor 206 as shown in FIG.
2.

[0098] One embodiment of the present invention is imple-
mented using a host based SPS solution. Referring to FIG. 5,
a SPS system showing a SPS receiver 500 with a related host
processor system is shown in a simplified form. The SPS
receiver 500 includes several components, some of which are
described herein. The SPS antenna 502, external to the SPS
Receiver 500, sends data to a low noise amplifier (LNA) 504.
The LNA 504 is optional. The LNA 504 sends the SPS mea-
surement data to a radio frequency (RF) filter 506 for filtering.
The filtered SPS data is sent to an analog RF Chip 508. The
RF chip 508 features GPS clocks (not shown) and a Reference
crystal (REF XTAL)509. The LNA 504, the RF filter 506, and
the RF Chip 508 perform as a SPS radio, such as, for example,
SPS radio 204 as shown in FIG. 2.
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[0099] The SPS data is then sent to a digital Tracker Chip
510. An RF chip which embodies the functionality of the RF
Chip 508 is the SiRFstar GRF21/LP, part no. GRF21/L.P-0214,
which is available from SiRF Technology, Inc. of San Jose,
Calif. A baseband chip, which embodies the functionality of
the Tracker Chip 510, is the GPS2t, part number GPS2t-7206,
which is available from SiRF Technology, Inc. The Tracker
Chip 510 provides a main component for a location processor,
such as, for example, location processor 204 as shown in FIG.
2. Because the Tracker Chip 510 has limited processing capa-
bility, it works in conjunction with a host central processing
unit (CPU) 518. The host central processing unit (CPU) 518
can be a navigation processor The Tracker Chip 510 has an
optional real time clock (RTC) XTAL 511. The Tracker Chip
canreceive and send serial data across a line 519 through pins
517 from and to the host CPU 518.

[0100] In one embodiment the host CPU 518 processes
SiRFNav software. The SiRFNav software 522 resides in
Flash memory 520 along with the User Application Code 524
and an Operating System 526. In one embodiment, User
Application Code 524 can receive data from a data interface,
such as data interface 208 as shown in FIG. 2. The following
are a few methods and systems for implementing a host based
SPS solution: U.S. patent application Ser. No. 10/199,253,
filed Jul. 18, 2003, entitled “Tracker Architecture for SPS
Systems,” by Nicolas Vantalon et al.; U.S. patent application
Ser. No. 10/269,914, filed Oct. 10, 2002, entitled, “Host
Based Satellite Positioning Systems,” by Clifford Yamamoto,
et al.; application Ser. No. 10/269,105, filed Oct. 10, 2002,
titled, “Layered Host-based satellite positioning solutions,”
by Clifford Yamamoto, et al.; and U.S. patent application Ser.
No. 10/269,104, filed Oct. 10, 2002, entitled “Navigation
Processing in Host Based Satellite Positioning Solution,” by
Clifford Yamamoto, et al. All of which are incorporated by
reference herein in their entirety.

[0101] The host CPU 518 can also receive external data.
For example, a connection can be made from an external
automobile data bus (not shown) to the host CPU 518. Data
can be sent to the host CPU from an vehicle data bus. In
another embodiment vehicle data can be sent to the SPS
receiver 500. This data can be processed along with data
received from the Tracker Chip 510 to produce a location
result. The resulting location result can be sent to a GUI (not
shown) across line 527.

[0102] Referring to FIG. 6, a platform location system 600
is provided in accordance with one embodiment of the present
invention. The platform location system comprises a SPS
antenna 602, a SPS receiver 604, a wire 606, a data interface
608, a data interface antenna 610, an platform data bus 612,
and a platform data bus antenna 614.

[0103] In one embodiment, the SPS receiver 604 is DR
capable. The data interface 608 is directly coupled to the SPS
receiver 604. In one embodiment, the SPS antenna 602, the
SPS receiver 606, the wire 606, and the data interface 608 are
integrated into a single package. This single package has
access to vehicle data through the data interface 608.

[0104] The SPS antenna 602 receives SPS signals transmit-
ted from the SPS satellites (not shown). The SPS signals are
sent to the SPS receiver 604. In the SPS receiver 604 the SPS
signals are converted from analog to digital signals and rep-
resent SPS measurement data.

[0105] A platform data bus 612 provides data wirelessly
through a platform data bus antenna 614. The platform data
bus 612 maintains platform data from a collection of vehicle
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sensors. In one embodiment, the platform sensors (not
shown) are physically connected to the platform data bus 612
with wires. In one embodiment where the platform is a
vehicle, the platform sensors tracked by the platform data bus
612 can include the vehicle speed sensor, the reverse signal
sensor, and many others, as discussed above. From this sensor
data the SPS receiver 604 can calculate the inertial position of
the platform.

[0106] The data interface antenna 610 receives platform
sensor data from the platform data bus 612. The data interface
antenna 610 provides the platform sensor data to the data
interface 608. The data interface 608 is connected to the SPS
receiver 604 by a wire 606. The SPS receiver 604 receives
platform sensor data from the data interface 608 across wire
606.

[0107] Using the platform databus 612 allows optimization
of the platform sensor data. The data interface 608 searches
for available platform data on the platform data bus 612 and
determines what is available and relevant to the location cal-
culations. As not all platforms will have the same sensors
available, this invention can optimize what is available.
[0108] Insomeofthe embodiments of the invention, where
the platform is a vehicle, the need for a gyroscope is elimi-
nated by accessing other vehicle sensor data via the automo-
bile data bus 612 that provide heading rate, as discussed
above. In one embodiment, the heading rate can be derived
from the differential wheel pulses. In this embodiment, a
sensor can be placed on each tire to record wheel pulses. Each
sensor can be connected to the platform data bus 612. The
wheel pulse data from each tire can be sent from these sensors
to the platform data bus 612. The SPS receiver 604 can read
the wheel pulse data from the platform data bus 612 via the
data interface 608. The SPS receiver 604 can use the wheel
pulse data to calculate the heading rate. Thus, in this embodi-
ment, a gyroscope becomes optional.

[0109] So the SPS receiver 604 receives two sources of
data, the SPS measurement data and the platform sensor data
from the data interface 608. These sources of data are com-
bined and processed in the SPS receiver 604 to provide a
platform location result.

[0110] Once the SPS receiver 604 calculates a platform
location based on the SPS measurement data and the platform
sensor data, the platform location solution can be sent to a
display (not shown). The platform location solution can also
be sent back to the platform data bus 612 via the data interface
and the associated antennas for transmission to other parts of
the platform.

[0111] Another feature, in some embodiments of the inven-
tion, is greater access to internal SPS system and navigation
data. As the SPS receiver 604 has access to the platform data
bus 612, the platform data bus 612 similarly can be provided
access to data from the SPS receiver 604. Obtaining platform
sensor data from a platform data bus 612 with the data inter-
face 608 allows access to the platform sensor data by other
parts of the platform. This feature makes the platform data
residing in the platform data bus 612 available to the entire
platform. Also, data from the SPS receiver 604, such as the
SPS based location solution can be sent to the platform data
bus 612. The data on the platform data bus 612 can be read
across the entire platform network. In one embodiment the
platform network is a vehicle’s internal network.

[0112] In embodiments of the invention where the data
interface 608 communicates to the platform data bus 612
wirelessly, the data interface 608, and the SPS receiver 604
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portion ofthe system can be collocated from the platform. For
example, the SPS antenna 602, the SPS receiver 604, the wire
606, the data interface 608, and the data interface antenna 610
can collectively form one receiver system. This receiver sys-
tem can be placed in a cellular phone, a laptop computer, a
pda, or some other system facilitating a wireless connection
with the platform data bus 612.

[0113] Inother embodiments, the platform data bus 612 is
anautomobile data bus. In one embodiment, the platform data
bus 612 is an OBD II unit. In other embodiments, different
intermediate devices could be provided between the platform
data bus 612 and the data interface 608, such as, for example,
OBD II connectors, wires, etc. In still further embodiments,
the information represented by the platform sensor data can
be sent in a format other than as digital data. For example, the
data could be sent as analog signals or serial data.

[0114] Referring to FIG. 7, a platform navigation system
700 is provided in accordance with one embodiment of the
present invention. The platform navigation system comprises
a SPS antenna 702, a SPS receiver 704, a wire 705, a naviga-
tion processor 706, a wire 708, a data interface 710, a wire
712, and a vehicle data network 714.

[0115] The SPS antenna 702 receives SPS signals transmit-
ted from the SPS satellites (not shown). The SPS signals are
sent to the SPS receiver 704. In the SPS receiver 704, the SPS
signals are converted from analog to digital signals and rep-
resent SPS measurement data. The SPS measurement data is
further processed in the SPS receiver 704 to produce a loca-
tion result. The location result is sent from the SPS receiver
704 to the navigation processor 706 across a wire 705.
[0116] The vehicle data network 714 collects and stores
vehicle data. In one embodiment, the vehicle sensors (not
shown) are physically connected to a data bus from which the
vehicle data network 714 receives the vehicle data. The
vehicle data can include many different vehicle sensor data
such as, for example, the vehicle speed sensor, the reverse
signal sensor, and many others. This vehicle data can be used
by a location or navigation processor to calculate the inertial
location of the vehicle.

[0117] The vehicle data from the vehicle data network 714
is sent across a wire 712 to the data interface 710. The data
interface 710 is connected to the navigation processor 706
with a wire 708. The data interface 710 sends vehicle data
over the wire 708 to the navigation processor 706. The navi-
gation processor 706 processes the vehicle data and the loca-
tion result from the SPS receiver 704 to provide an inertial
location of the platform from the navigation processor 706.
[0118] Using the vehicle data network 714 allows optimi-
zation of the vehicle data. In one embodiment, the data inter-
face 710 searches for available vehicle data on the vehicle
data network 714 and determines what is available and rel-
evantto location calculations. As not all vehicles will have the
same data available, some embodiments of the invention can
optimize the available data.

[0119] Some embodiments of the invention eliminate the
requirement for a gyroscope by accessing other vehicle data
via the vehicle data network 714 that provide heading rate.
The heading rate can be derived from the differential wheel
pulses as discussed above.

[0120] In this embodiment, the navigation processor 706
receives two sources of data, the SPS receiver data and the
vehicle data from the data interface 710. These sources of data
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are combined and processed in the navigation processor 706
to provide an inertial location of the vehicle from the naviga-
tion processor 706.

[0121] Once the navigation processor 706 calculates an
inertial location of the vehicle, this data can be sent to a
display (not shown). The inertial location data can also be sent
back to the data interface 710 for transmission to other parts
of the vehicle.

[0122] Another feature of some embodiments of this inven-
tion is that it provides greater access to internal navigation
and SPS data. As the navigation processor 706 has access to
the vehicle data network 714, the vehicle data network 714
similarly has access to the data from the navigation processor
706. Obtaining vehicle data from the vehicle data network
714 with the data interface 710 allows access to the vehicle
data by other parts of the vehicle thus making the data resid-
ing in the vehicle data network 714 available to the entire
vehicle. In another embodiment, a wireless interface is pro-
vided between a navigation processor and an automobile data
bus.

[0123] Referring to FIG. 8, a vehicle navigation system 800
is provided in accordance with one embodiment of the inven-
tion. The vehicle navigation system comprises a SPS antenna
802, a SPS receiver 804, a wire 805, a navigation processor
806, a wire 807, a vehicle data bus wireless interface 808, a
vehicle data bus wireless interface antenna 810, a vehicle data
bus 814, and a vehicle data bus antenna 816. The vehicle data
bus wireless interface 808, a vehicle data bus wireless inter-
face 808, the navigation processor 806, the SPS receiver 804,
the SPS antenna 802, and the associated connections com-
prise a SPS system 812. The SPS system 812 receives vehicle
data inputs and provides the location of the vehicle as an
output of the navigation processor 806.

[0124] The SPS antenna 802 receives SPS signals transmit-
ted from the SPS satellites (not shown). The SPS signals are
sent to the SPS receiver 804. In the SPS receiver 804 the SPS
signals are converted from analog to digital signals and pro-
cessed in a location processor (not shown). The SPS receiver
data is sent to the navigation processor 806 across a wire 805.
[0125] The navigation processor 806 receives vehicle data
from the vehicle data bus wireless interface 808. The vehicle
data bus wireless interface 808 has an vehicle data bus wire-
less interface antenna 810 that receives signals sent from the
vehicle data bus 814. The vehicle data bus 814 sends vehicle
data from the vehicle data bus antenna 816 to vehicle data bus
wireless interface antenna 810. The vehicle data bus wireless
antenna 808 receives the vehicle data from the vehicle data
bus wireless interface antenna 810. The vehicle data bus
wireless interface 808 sends the vehicle data to the navigation
processor 806 across a wire 807. In one embodiment, the
vehicle data bus wireless interface 808 is a Bluetooth trans-
ceiver. In another embodiment, the vehicle data bus wireless
interface 808 uses a WiFi transceiver. In another embodiment,
the vehicle data bus wireless interface 808 uses an infrared
transceiver.

[0126] In one embodiment, the vehicle data bus 814 main-
tains vehicle data from a collection of vehicle sensors. The
vehicle sensors are physically connected to the vehicle data
bus 814 with wires (not shown). The sensors tracked by the
vehicle data bus 814 can include the vehicle speed sensor, the
reverse signal sensor, and many others.

[0127] In this embodiment, the navigation processor 806
receives two sources of data, the SPS receiver data, and the
vehicle data from the vehicle data bus 814 (received via the
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automobile data bus wireless interface 808). With this data,
the navigation processor can calculate the inertial location of
the vehicle. These sources of data are combined and pro-
cessed in the navigation processor 806 to provide a vehicle
location solution.

[0128] Once the navigation processor 806 calculates a
vehicle location based on the SPS receiver data and the
vehicle data from vehicle data bus 814, the vehicle location
solution can be sent to a display, a modem, or some other
device (not shown). In some embodiments, the vehicle loca-
tion solution can also be sent back to the vehicle data bus 814
via the vehicle data bus wireless interface 808 for further
transmission to other parts of the vehicle.

[0129] In embodiments of the invention where the vehicle
data bus interface 808 is wireless, the SPS system 812 can be
collocated from the vehicle. For example, the SPS system 812
can be located in a cellular phone, a laptop computer, a
personal digital assistant, or some other system facilitating a
wireless connection with the vehicle data bus 814.

[0130] Referring to FIG. 9, a vehicle location system is
provided, in accordance with one embodiment of the inven-
tion. The vehicle location system comprises a SPS antenna
902, a SPS receiver 904, a wire 907, a data interface antenna
908, a vehicle data bus 910, and a vehicle data bus antenna
912. The SPS antenna 902 receives SPS signals transmitted
from the SPS satellites (not shown). The SPS signals are sent
to the SPS receiver 904. In the SPS receiver 904 the SPS
signals are converted from analog to digital signals providing
SPS measurement data to be processed.

[0131] The vehicle data bus 910 maintains vehicle data
from a collection of vehicle sensors. The sensors tracked by
the vehicle data bus 910 can include vehicle speed sensor, the
reverse signal sensor, and many others. The vehicle data bus
910 sends vehicle data via the vehicle data bus antenna 912 to
the vehicle data bus wireless interface antenna 908. The
vehicle data bus wireless interface 906 receives vehicle data
sent from the vehicle data bus 910 to the vehicle data bus
wireless interface antenna 908. The vehicle data is sent from
the vehicle data bus wireless interface 906 to the SPS receiver
904 over wire 907. In one embodiment, the vehicle data bus
wireless interface 906 uses Bluetooth to communicate with
SPS receiver 904. In another embodiment, the vehicle data
bus wireless interface 906 uses WiFi. In another embodiment,
the vehicle data bus interface 906 uses infrared. The SPS
receiver 904 receives two sources of data, the SPS measure-
ment data, and the vehicle data from the vehicle data bus 910.
These sources of data are combined and processed in the SPS
receiver 904 to provide a vehicle location solution.

[0132] Once the SPS receiver 904 calculates a vehicle loca-
tion solution, the vehicle location solution and related data
can be sent to a data display (not shown). In other embodi-
ments, the vehicle location solution can be sent to amodem or
to some other device. The vehicle location solution can also
be sent back to the vehicle data bus 910 via the vehicle data
bus antenna 912 for further transmission to other areas of the
vehicle.

[0133] FIG. 10 is a high level flow chart for a process for
processing SPS data and automobile data bus data in an
automobile, in accordance with one embodiment of the inven-
tion. The flowchart depicts one cycle in the process. The
software requires that SPS data be received in block 1004.
The SPS data is demodulated and the time is tracked at block
1006. Depending on the embodiment, the SPS data could be
GPS signals, or some other SPS signal. In one embodiment,
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the SPS signals would be received in a SPS receiver, such as
SPS receiver 214 shown in FIG. 2. In one embodiment, the
SPS data would be demodulated in a RF filter of a SPS
receiver.

[0134] At block 1008 time-stamped automobile data bus
data is collected from a buffer. In one embodiment, the time-
stamped automobile data bus data is collected by a data inter-
face, such as data interface 208 shown in FIG. 2. The time-
stamped automobile data bus data has a time stamp from the
automobile data bus indicating when it was collected by the
automobile data bus from a respective sensor. In another
embodiment, the time stamp on the automobile data bus data
indicates when the automobile data bus data was collected in
a buffer. In yet another embodiment, the time stamp on the
automobile data bus data indicates when the automobile data
bus was collected in a data interface.

[0135] The automobile data bus time-stamped data is
stored in a buffer. In one embodiment the buffer is in a data
interface. In one embodiment, the buffer is located in
memory. In one embodiment, the memory is in a data inter-
face. When the time-stamped automobile data bus data is
needed in the cycle, the time-stamped automobile data bus
data is collected from the buffer.

[0136] At block 1010, the time-stamped automobile data
bus data is matched with the SPS data based on time. In one
embodiment, the matching is done by a data interface. In
another embodiment, the matching is done by a SPS receiver.
In this embodiment, the matching done in block 1010 by the
data interface is based on comparing the time-stamp of the
automobile data bus data to the time at which the SPS data is
demodulated in the SPS receiver. SPS data in a receiver typi-
cally has time values associated with it, such as, for example,
the time at which the SPS data is collected in the SPS receiver,
atime at which SPS data is posted as measurement data by an
SPS receiver. These times are typically tracked by internal
counters and clocks in an SPS receiver. In another embodi-
ment, the matching done in block 1010 by the data interface
is based on comparing the time stamp of the automobile data
bus data to the time at which the SPS data is posted by the SPS
receiver as measurement data. In another embodiment, the
matching in block 1010 is done based on comparing the time
stamp of the automobile data bus data to the time at which the
SPS data is collected in the SPS receiver. The time at which
the SPS data is collected can be tracked at different points
depending on the SPS receiver. For example, the SPS data can
be tracked as it is collected from the SPS antenna or when it
is demodulated in the SPS receiver.

[0137] This matching can be done asynchronously or syn-
chronously. One example of asynchronous matching is pro-
vided in FIG. 12. In one embodiment the time-stamped auto-
mobile data bus data is matched to the SPS data based on the
time at which the SPS data was collected. In another embodi-
ment, the time-stamped automobile data bus data is matched
to the SPS data based on the time at which the SPS data is
posted by the SPS receiver.

[0138] The DR-based navigation updates are computed
(Block 1012). In one embodiment, the calculations take place
in a SPS receiver such as that shown in FIG. 2. In one embodi-
ment, the calculations of the DR-based navigation updates are
as follows:

APositionyz=Speed pz* At

AHeadingz=Turn Ratepz*At
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Where the APosition, is the change in position of the auto-
mobile based on the DR data. Speed, is the speed of the
automobile based on the DR measurements. Turn Rate,, is
the turn rate of the automobile based on the DR measure-
ments. At represents the time passing between cycles of the
process. AHeading,, represents the change in heading of the
automobile based on DR data.

[0139] Next, at decisional block 1014 it is determined if the
previous position and heading are available. If the answer is
yes the process proceeds to block 1016. If the answer to
decisional block 1014 is no, the process proceeds to FIG.
10B.

[0140] At block 1016, the automobile navigation data is
updated. In one embodiment, the automobile navigation data
is updated with the following equations:

Position=Position+APosition,z
Heading=Heading+AHeading,z

Speed=Speedz

Where the APosition, is the change in position of the plat-
form based on the DR data. AHeading,,, represents the
change in heading of the automobile based on the DR data.
The last available values for the navigation data are updated.
Speed,,, is the speed of the automobile based on the DR
measurements. After block 1016 the process proceeds to FI1G.
10B.

[0141] Referring to FIG. 10B, block 1018 represents the
step of determining if there are enough SPS measurements
available to calculate location. If the answer is no, the cycle
ends. If the answer is yes the process proceeds to block 1020.
[0142] At block 1020, SPS data is used to calculate the
SPS-based updates. In one embodiment, calculations take
place in a filter on a SPS system and the results are as follows:

APositiongps

ASpeedsps

Where APositiong, represents the change in position of the
automobile based on the SPS data. ASpeed . represents the
change in speed of the automobile based on the SPS data. In
one embodiment, a Kalman filter is used to perform the cal-
culations. In another embodiment, a Least Squares Filter is
used to perform the calculations.

[0143] Proceeding to block 1022 the SPS-based navigation
quantity data are calculated. In one embodiment, the calcu-
lations take place in a SPS receiver. In one embodiment, the
calculations performed are as follows:

Speedgps=Speed+ASpeed gpg
Headinggps—tan~! (EastSpeedsps/North Speedgpg)
Old Heading=Headingspg

Heading Rategp=(Headingsps—Old Heading)/At

Where the Speed . is the new speed of the automobile based
on SPS data. Speed is the current speed of the automobile and
ASpeed,, is the change in speed of the automobile since the
last SPS measurement. Heading., is the current heading
based on the SPS data. EastSpeed,. is the speed of the
automobile going in the east direction based on the SPS data.
While North Speed, ¢ represents the speed of the automobile
going in the north direction based on the SPS data. Old
Heading is the last heading measurement of the automobile
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and it is set to equal Heading ., which is the heading based
on the SPS data. Heading Rate, is the heading rate of the
automobile based on the SPS data and At is the change in time
since the last heading measurement was taken.

[0144] In the next block of the flow chart, block 1024, the
DR sensors are calibrated using the navigation quantity data.
In one embodiment, the calculations are as follows:

KSpeed:SpeedAuto Bus/Speedsps
K firm Raze=T0tn Rate 4., 5,/ T Rategpg

Where K., 1s a scale factor for the speed of the automobile.
Speed .., »us 18 the speed of the automobile derived from the
automobile bus data. The Speed, is the speed of the auto-
mobile based on the SPS data. K4, z.z. 15 the scale factor for
the turn rate of the automobile and it is set equal to the turn
rate based on the automobile bus data divided by the turn rate
based on the SPS data.

[0145] In the last block of the flow chart, block 1026, the
automobile navigation data is updated. In one embodiment,
the automobile navigation data is updated with the following
equations:

Position=Position+APositiongyg
Heading=Headinggpg
Speed=Speedsps

Where APositiong, is the change in position of the platform
based on the SPS data. After block 1025, one cycle of the
process is complete. To begin another cycle, the process
would flow back to the beginning of FIG. 10A.

[0146] FIG.11 isahigh level flow chart 1100, for a process
for collecting, time stamping, transmitting, and storing data,
as implemented in one embodiment of the invention. The
flowchart depicts one cycle in the process. In block 1102, the
automobile data bus collects automobile sensor data at a
specific frequency in the automobile data bus. At block 1104,
the automobile sensor data is time-stamped in the automobile
data bus. The time stamp represents the time at which the
automobile sensor data was read from the respective sensor
into the automobile data bus. In one embodiment the auto-
mobile data bus is one such as automobile data bus 210 that is
shown in FIG. 2.

[0147] The automobile sensor data is then transmitted from
the automobile data bus to the automobile data bus interface
at a specified frequency (Block 1106). In this embodiment,
the frequency at which the automobile sensor data is trans-
mitted is one hertz. In one embodiment, the automobile data
bus interface used is a data interface such as data interface 208
shown in FIG. 2. At block 1108, the automobile data bus
interface stores the time-stamped automobile sensor data into
a buffer. This buffer is managed by the automobile data bus
interface. In another embodiment, the time-stamped automo-
bile data bus data is stored in the automobile data bus inter-
face.

[0148] Atblock 1110, the time-stamped automobile sensor
data is transferred from the buffer to a SPS receiver. In one
embodiment, the SPS receiver is a SPS receiver such as SPS
receiver 214 shown in FIG. 2. In other embodiments, the
time-stamped automobile sensor data is transferred from the
buffer to a navigation processor such as navigation processor
212 as shown in FIG. 2. After block 1110, one cycle of the
process is complete.
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[0149] FIG. 12 is a high level flow chart 1200, of a process
which implements a process for matching SPS data and DR
data for processing, as implemented in one embodiment of
the invention. The flow chart depicts one cycle in the process.
In block 1202, a SPS receiver receives SPS data and the time
at which the data is collected is set to t. In one embodiment,
the SPS receiver used is one such as SPS receiver 214 shown
in FIG. 2.

[0150] In the next step, at block 1204, automobile sensor
data is received in the SPS receiver and time stamped at the
time of receipt. In another embodiment, time-stamped auto-
mobile sensor data such as shown in FIG. 11 is transmitted
from a buffer to a SPS receiver. At block 1206, the time stamp
on the time-stamped automobile sensor data is compared to
the time the SPS data was collected. In one embodiment, the
comparison is done in an SPS receiver.

[0151] Decisional block 1208 asks if the time stamp of the
time-stamped automobile sensor data is less than or equal to
the collection time of the SPS data plus 0.50 seconds. If the
answer is no, the process proceeds to block 1210. If the
answer to decisional block 1208 is yes, the process proceeds
to block 1212.

[0152] Atblock 1210, any time-stamped automobile sensor
data that did not fit the criteria in block 1208 is maintained in
a buffer. This unmatched time-stamped automobile sensor
data will be matched with SPS data obtained from the next
one-second time interval. In one embodiment the buffer is in
the SPS receiver. In one embodiment, the buffer is located in
memory. The process then returns to before block 1214.
[0153] Following the process flow after a yes answer to
decisional block 1208, the process moves to block 1212. At
block 1212, the current time-stamped automobile sensor data
is matched with the current SPS data. In one embodiment, the
matching is performed in the SPS receiver. Proceeding to
block 1214, the automobile sensor data that matches with the
corresponding SPS data is processed. The processing takes
place in the SPS receiver. After block 1214, one cycle of the
process is complete.

[0154] FIG. 13 is a high level flow chart 1300, for a process
for providing platform data from a platform data network to a
SPS receiver, in accordance with one embodiment of the
invention. The flow chart depicts one cycle in the process. In
block 1302, communication is established between a plat-
form data network and a SPS receiver. In one embodiment the
communication can be wireless. In another embodiment the
communication can be wired, or by some other means. In one
embodiment the communication established between the
platform data network and the SPS receiver is one way, going
from the platform data network to the SPS receiver. In another
embodiment the communication established between the
platform data network and the SPS receiver is two way. In
another embodiment, the communication established is to a
navigation processor. In one embodiment, the communica-
tion established is to a location processor in a SPS receiver. In
one embodiment, communication is established by a data
interface, such as the data interface 208 shown above in F1G.
2.

[0155] In the next step, at block 1304, platform data is
obtained from the platform data network. In one embodiment,
the platform data is obtained by a data interface, such as the
data interface 208 shown above in FIG. 2.

[0156] Then the platform data is provided from the plat-
form data network to the SPS receiver (Block 1306). In one
embodiment, the platform data is obtained by a data interface,
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such as the data interface 208 shown above in FIG. 2. In
another embodiment a next step takes place where the SPS
receiver sends SPS data back to the platform data network. In
yet another embodiment, blocks 1304 and 1306 are combined
into one step.

[0157] Inone embodiment of the process, the platform is a
vehicle and the communication is established by a data inter-
face, such as data interface 208 shown above in FIG. 2. In this
embodiment of the process, the data interface performs the
following functions. First the data interface establishes com-
munication with a vehicle’s internal data network. This can be
done via an automobile data bus, such as automobile data bus
210 shown in FIG. 2. In one embodiment the data interface
208 is connected by a hard wire to the automobile data bus
210. In another embodiment the communication can be estab-
lished between the platform data network and the SPS system
by some other means, such as, for example, a wireless link.
[0158] Next, the data interface 208 requests the internal
messages from the vehicle, which carry the information
needed for location calculations. These internal messages can
be vehicle sensor data. Next in the process, the data interface
208 extracts the data pertinent to location calculations. The
data interface 208 then formats the pertinent data to conform
to the target processor’s defined protocol. Finally, the inter-
face transmits the platform data to the appropriate areas of a
location processor for further processing.

[0159] FIG. 14 is a high level flow chart 1400, for a process
for formatting vehicle data, in accordance with one embodi-
ment of the invention. In this embodiment, the process is
performed by a data interface, such as data interface 208
shown in FIG. 2. The flow chart depicts one cycle in the
process. In block 1402, communication is established
between a data interface 208 and a vehicle data network.
Communication can be established with the vehicle data net-
work via an automobile data bus, such as automobile data bus
210 shown in FIG. 2. In other embodiments, the data interface
establishes communication with a platform data network
other than a vehicle data network.

[0160] Next, in block 1404, the data interface 208 requests,
vehicle data from the vehicle data network. In this embodi-
ment, the vehicle’s data network provides vehicle sensor data.
[0161] In block 1406, the data interface 208 extracts the
vehicle data relevant to location calculation. In this embodi-
ment, the vehicle data extracted carries information that is
useful for vehicle location calculations.

[0162] The data interface 208 then formats the extracted
vehicle data into a predetermined format (Block 1408). In this
embodiment, the vehicle data is formatted into a message to
conform to a location processor’s data format. In one embodi-
ment, the message format is defined as provided below.
[0163] One embodiment of the predetermined format
described in Block 1408 is as a message. In one example, the
message can assume the structure shown below.

Message Structure

Message Header

Number of valid data sets: O to n,
Type of data

data set 0

data set 1

data set 2

data set 3
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-continued

Message Structure

n data set n

In the foregoing example, the message header identifies the
source of the message. The next line of the message provides
information regarding the number of valid data sets. In one
embodiment, vehicle data is collected from automobile data
bus 210 in the vehicle data network. A new data set of vehicle
data is taken by the vehicle data network from the automobile
data bus 210, at a series of time intervals. In this embodiment,
the data sets are taken at n equal time intervals over a one-
second period.

[0164] Thenextline of the message defines the type of data.
For example, in this embodiment, where the platform is a
vehicle, the data set comprises vehicle sensor data. The
remaining lines in the message contain the data sets. In this
message there are n data sets, so each line contains a data set.
In one example, a data set contains values for vehicle reverse
data, odometer data, and gyroscope data at a given time. In
another embodiment, the data set contains values for vehicle
reverse data and wheel speed data at a given time. In this
message there are n data sets, one data set is taken at each of
n equal time intervals during a one second time period.

[0165] Inother embodiments, the data interface can adjust
the format based on the data structure used in the location
processor. In this embodiment the data interface formats the
extracted vehicle data into a predetermined format, but in
other embodiments, the data interface can adjust the format,
thus the format is dynamic. For example, in a predetermined
format, if the SPS receiver has a location processor 206 that
processes digital data of a specified structure, the vehicle
sensor data will be formatted into digital data of the same
specified structure. In yet another embodiment, where for-
matting of the data is dynamic, it is not static, or in other
words, it can vary over time. For example, dynamic format-
ting may be needed in the following three embodiments: In
one embodiment, the data types collected could vary; In
another embodiment, the time interval of data collection
could vary; In yet another embodiment, the frequency of data
collection could vary. Also, in some instances the data inter-
face may need to translate the vehicle data from analog to
digital before formatting the vehicle data.

[0166] Next in process 1400, in block 1410, the data inter-
face 208 transmits the formatted vehicle data to a location
processor (Block 1408). The location processor is one such as
location processor 206 shown above in FIG. 2. The formatted
vehicle can then be processed in the location processor. In
another embodiment, the data interface 208 transmits the
message to a navigation processor.

[0167] The format of the message can be any format that is
compatible for transmission to the location processor 206,
such as, for example, html, xml, etc.

[0168] The invention can be implemented on a computer
readable medium. A computer-readable medium can include
any kind of computer memory such as floppy disks, conven-
tional hard disks, CD-ROMS, Flash ROMS, nonvolatile
ROM, and RAM.
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[0169] Furthermore, alternative embodiments of the inven-
tion which implement the system in hardware, software, or a
combination of both hardware and software, as well as for-
matting, synchronizing, and distributing the data in a different
fashion will be apparent to those skilled in the art and are also
within the scope of the invention.

[0170] It will be further appreciated that the instructions
represented by the operations in FIGS. 10,11,12,13, and 14,
and in other described operations provided herein, are not
required to be performed in the order illustrated or described,
and that all the processing represented by the operations may
not be necessary to practice the invention. Further, the pro-
cesses illustrated, or described can also be implemented in
software stored in any one of or combinations of a RAM, a
ROM, or a hard disk drive.

[0171] It is to be understood that the above description is
intended to be illustrative, and not restrictive. Many other
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embodiments will be apparent to those of skill in the art upon
reviewing the above description. The scope of the invention
should, therefore, be determined with reference to the
appended claims, along with the full scope of equivalents to
which such claims are entitled.
1-36. (canceled)
37. A computer-readable medium having stored thereon a
data structure for a message comprising:
a first field containing data representing a message header;
a second field containing data representing the number of
valid data sets in the message;
a third field containing data representing the type of data in
the message;
and a fourth field containing data representing values for
desired vehicle sensor characteristics of interest to a SPS
receiver.



