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using an electronic map and a GPS receiver.

receive gps data

The GPS receiver accepts data from a number of
satellites and determines a GPS derived position
and velocity. Based on the previous position of
the object, the GPS derived position, the velocity,
the DOP and the continuity of satellites for which
data is received, the system determines whether the
HPS data is reliable. If the GPS data is reliable,
the previous position of the object is updated to the
GPS derived position. The updated position is then
matched to a map of roads.

202 no

data
relaible?

204

Update

206~

map match




AL
AM
AT
AU
AZ
BA
BB
BE
BF
BG
BJ
BR
BY
CA
CF
CG
CH
CI
CM
CN
CuU
Cz
DE
DK
EE

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT.

Albania
Armenia
Austria
Australia
Azerbaijan
Bosnia and Herzegovina
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus

Canada

Central African Republic
Congo
Switzerland
Cote d'Ivoire
Cameroon
China

Cuba

Czech Republic
Germany
Denmark
Estonia

ES
FI
FR
GA
GB
GE
GH
GN
GR
HU
IE
IL
IS
IT
JP
KE
KG
KP

KR
KZ
LC
LI

LK
LR

Spain

Finland

France

Gabon

United Kingdom
Georgia

Ghana

Guinea

Greece

Hungary

Treland

Israel

Iceland

Ttaly

Japan

Kenya
Kyrgyzstan
Democratic People’s
Republic of Korea
Republic of Korea
Kazakstan

Saint Lucia
Liechtenstein

Sri Lanka

Liberia

LS
LT
LU
LV
MC
MD
MG
MK

ML
MN
MR
MW
MX
NE
NL
NO
NZ
PL
PT
RO
RU
SD
SE
SG

Lesotho

Lithuania
Luxembourg

Latvia

Monaco

Republic of Moldova
Madagascar

The former Yugoslav
Republic of Macedonia
Mali

Mongolia

Mauritania

Malawi

Mexico

Niger

Netherlands

Norway

New Zealand

Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Singapore

SI
SK
SN
SZ
TD
TG
T3
™
TR
T
UA
UG
Us
Uz
VN
YU
W

Slovenia

Slovakia

Senegal

Swaziland

Chad

Togo

Tajikistan
Turkmenistan
Turkey

Trinidad and Tobago
Ukraine

Uganda

United States of America
Uzbekistan

Viet Nam
Yugoslavia
Zimbabwe




10

15

20

25

30
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NAVIGATION SYSTEM USING GPS DATA

BACKGR F THE INVE
Field of the Invention
The present invention relates generally to a system for tracking objects using

GPS data; for example, tracking vehicles as they move over streets.

Description of the Related Art

A variety of automatic vehicle navigational systems have been developed and
used to provide information about the actual location of a vehicle as it moves over
streets. A common purpose of the vehicle navigational systems is to automatically
maintain knowledge of the actual location of the vehicle at all times as it traverses the
streets (i.e., track the vehicle). A given navigational system may be utilized in the
vehicle to provide the vehicle operator with knowledge of the location of the vehicle
and/or allow a central monitoring station to monitor the location of one or more
vehicles.

For example, one general approach to such vehicle navigational systems is
known as "dead reckoning,” in which the vehicle is tracked by advancing a "dead
reckoned position" from measured distances and headings. A system based upon dead
reckoning principles may, for example, detect the distance traveled and heading of the
vehicle using distance and heading sensors on the vehicle. The distance and heading
data is processed by, for example, a computer using known equations to calculate a
dead reckoned position of the vehicle. As the vehicle moves along a street, an old
dead reckoned position is updated to a new or current dead reckoned position in
response to the distance and heading data being provided by the sensors.

One problem with prior systems using dead reckoning is the accumulation of
error that occurs as the dead reckoned positions are advanced. This error occurs, in

part, as a result of inherent limitations on the achievable accuracy of the distance and
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heading sensors, which thus provide data that do not precisely identify the distance
traveled nor the heading of the vehicle. Unless compensation for this error is made,
the dead reckoned positions will become increasingly imprecise or inaccurate. Prior
dead reckoning vehicle navigational systems have been developed and have attempted
to solve this problem of the accumulation of error by providing additional information
to the dead reckoned positions.

One example of additional information used to limit the error in a dead
reckoning system is an electronic map. An electronic map consists of geographically
referenced electronic data quantifying a physical, social or economic system. The
range of information included in electronic maps is unlimited. For example,
electronic maps could include data representing longitude, latitude, altitude,
distances between elements, driving time, parcel numbers, tax information, tourist
information, etc. Additionally, storing a map as a file on a computer allows for
unlimited software applications to manipulate that data.

One example of a system that uses an electronic map is disclosed in U.S.
Patent No. 4,796,191, Vehicle Navigation System and Method. In this system, a
dead reckoning component accepts raw sensor data and combines this data with
history information to produce a new vehicle location from the previous location.
This is the basic process of computing a distance traveled and a heading from the
sensor data available. The available navigation sensors include differential
odometers, vehicle odometers, compass, gyroscopes, inclinometers, defogger
shunts and GPS receivers.

The vehicle odometer provides a count that represents distance traveled.
The count can be cumulative and signed, so an increase represents travel in one
direction, a decrease represents travel in the other direction. The count is
proportional to some fraction of a wheel rotation.

The differential odometer is similar to the vehicle odometer. It gives

distance traveled as a count that represents a fraction of a wheel rotation. Itis a
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pair of sensors, one for the left wheel of a vehicle and one for the right wheel.
Both sensors can be mounted on the front wheels or both sensors can be mounted
on the back wheels. The left and right counts give not only distance traveled, but
also relative heading. The difference between left and right wheel counts,
combined with the physical dimensions of the vehicle, give the amount the vehicle
has turned. This sensor is subject to low frequency drift when used to measure
heading. It can appear that the vehicle is slowly turning when it is really going
straight.

A gyroscope is another source of relative heading. It has properties similar
to the differential wheel sensors. These sensors measure rate of turn per unit of
time, so the signal may need to be integrated over time to obtain heading change.

A magnetic compass provides absolute heading information. The primary
problem with a compass is that it is susceptible to high frequency noise. It also has
problems with the variation in the magnetic environment caused by natural and man
made objects. Bridges, overpasses, tunnels, and large steel frame buildings can
cause severe interference with a compass. They can even remagnetize a vehicle.
The flux gate compass measures the component of the earth’s magnetic field that
lies in the horizontal plane. It provides an x and y offset relative to some center
point. This offset translates into a physical heading. As a result of the changing
magnetic environment of a vehicle, this center and magnitude of the offset change
with time and must be carefully tracked. Remagnetization of the vehicle may
require recalibration of the compass. The absolute heading obtained from a
compass can be combined with relative heading from differential wheel sensors or
gyroscope to obtain a better heading than can be obtained from either type of
sensor used alone. This is possible because the sensors have complimentary error
properties, the compass does not drift and the relative heading sensors is not as

susceptible to high frequency noise.

PCT/US97/19400



10

15

20

25

WO 98/25107

Inclination of the vehicle in hilly regions introduces error into the heading
computed from the compass. The inclinometer allows the inclination to be
measured and the compass heading to be corrected. The sensor provides pitch and
roll signals proportional to the pitch and roll angles of the vehicle.

The defogger shunt provides correction to the compass heading for errors
caused by vehicle generated magnetic fields. The name of the sensors derives from
the most common example of a vehicle generated magnetic field, the rear window
defogger circuit. A defogger shunt detects the operation and strength of the
magnetic field. Calibration of the defogger determines the vector and scale to
associate with this input for compass correction.

Dead reckoning uses a combination of a subset of the above-described
sensors to determine the position of the vehicle being tracked. Dead reckoning
contains error that grows with time and/or distance. To know where we are on a
particular road network and to keep the dead reckoning errors bounded, at least one
prior art system uses map matching.

Map matching uses an electronic map database (which includes street
information) and the output of dead reckoning to derive a new position on the road
network, when possible. Updating a vehicle position on the map in this manner
produces high quality navigation and provides feedback to dead reckoning that
helps maintain sensor calibration.

Although the above-described system provides an accurate navigational tool,
such a system can be expensive. As described above, the system requires a
combination of a number of sensors and specialized electronics. No one sensor or
combination has traditionally been able to supply sufficient data to reliably derive
a dead reckoned position. As more sensors are used, the accuracy of the system
increases; however, the system becomes more sophisticated and the cost of the

system increases. Since prior art navigation systems use many sensors, these
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systems are very expensive. Another problem with the above described system is
that it is difficult to install, maintain and calibrate the sensors on an automobile.

Additionally, navigation performance for the above described system can
degrade if the map matching relocates the vehicle's position to an incorrect road.
This can occur because of an extreme anomalous magnetic field, wheel slippage or
map errors. Another disadvantage arises if the difference between the computed
vehicle position and the nearest appropriate road is too large, i.e. exceeds a
predetermined allowable error estimate. Under these circumstances the dead
reckoning system will not update its position. Once an incorrect update has been
made or the errors become too large, precision navigation may not be automatically
regained without manual intervention. Another disadvantage of some prior art
navigation systems is that they typically require that the operation of the system be
visually monitored by the operator and manually calibrated and that, after
calibration, correct initial position information be entered manually.

Another prior art navigational system tracks vehicles using GPS data.
Based on the GPS data, the system determines a two or three dimensional location
of the vehicle. This location is then superimposed on a map. There is no map
matching process used to coordinate the display of the vehicle’s location to a street,
and the GPS data tends to jump and be unreliable.

Another prior art system uses the dead reckoning and map matching process
described above (with respect to U.S. Patent No. 4,790,191) in combination with
GPS sensors. That is, when the relative navigation sensors described above
(vehicle odometer, differential odometer . . . ) are providing data within an
acceptable error, the system does not use the GPS data to update the vehicle’s
position. The system does use GPS data to test whether the data from the relative
sensors are within the acceptable error. If not, the system resets the vehicle’s

position to a position calculated based on the GPS data and then the system
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performs a dead reckoning cycle followed by map matching. . This system can be

expensive, and difficult to install, maintain and calibrate.

SUMMARY OF THE INVENTION

The present invention, roughly described, provides for a system that tracks
objects uses GPS data to map match with an electronic map.

GPS navigation errors do not accumulate in the same manner as traditional
relative navigation sensors since GPS sensors are absolute position sensors.
However, GPS sensors have traditionally not been very accurate either. Position
errors are common and the GPS derived position will tend to jump around even
when the vehicle is not moving. The result is that a GPS based navigation system
would not necessarily give smooth tracking of the vehicle and cannot readily
identify the streets being traveled. Prior pitfalls of using GPS data for navigation
are overcome with the present invention by using a new method for accepting or
rejecting data and combining the GPS data with map matching.

A GPS sensor receives data from a plurality of satellites and determines a
GPS derived position and velocity. Based on the previous position of the object
and the GPS derived position, velocity, DOP and continuity of the satellite
constellation for which data is received, the system determines whether the GPS
data is reliable. If the GPS data is reliable, the previous position of the object is
updated to the GPS derived position. The updated position is then matched to a
map of roads.

One embodiment of the current invention includes the steps of determining
whether GPS data is reliable, updating the object’s position based on the GPS data
if the GPS data was determined to be reliable and matching the object’s updated

position to an electronic map if the GPS data was determined to be reliable.
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These and other objects and advantages of the invention will appear more
clearly from the following detailed description in which the preferred embodiment

of the invention has been set forth in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 depicts one exemplar hardware system for tracking objects using
GPS data.

Figure 2 is a flow chart explaining the current invention.

Figure 3 is a flow chart further describing a portion of the method depicted
in Figure 2.

Figure 4 depicts a portion of an electronic map with four circles
superimposed on the map to illustrate regions for processing GPS data.

Figure 5 is a flow chart further describing a portion of the method depicted
in Figure 3.

Figure 6 is a flow chart further describing a portion of the method depicted
in Figure 3.

Figure 7 is a flow chart further describing a portion of the method depicted
in Figure 3.

Figure 8 is a partial diagram of map showing a GPS derived position and

two map matched positions.

DETAILED DESCRIPTION
GPS is a satellite based navigation system operated and maintained by the
U.S. Department of Defense. GPS consists of a constellation of 24 satellites
providing worldwide, 24 hour, three dimensional navigational services. Although
originally conceived for military needs, GPS has a broad array of civilian
applications including surveying, marine, land, aviation, timing synchronization

and vehicle navigation.
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By computing the distance to GPS satellites orbiting the earth, a GPS
receiver can calculate an accurate position of itself. This process is called satellite
ranging. A two dimensional position calculation requires data from three satellites.
A three dimensional position calculation, which includes altitude, requires data
from four satellites. GPS receivers can also provide precise time for network sync
applications, and speed and course measurement for navigation and other
applications.

Differential GPS is a sophisticated form of GPS navigation which provides
even greater positioning accuracy. Differential GPS relies on error corrections
generated by a GPS receiver placed at a known location. This receiver, called a
reference station, calculates the error in the satellite range data and outputs
corrections for use by mobile GPS receivers in the same locale. Differential GPS
eliminates virtually all the measurement error in the satellite ranges and enables a
highly accurate position calculation.

GPS satellites transmit a Coarse/ Acquisition (C/A) code and satellite data
modulated into the L1 carrier frequency (1575.42 MHZ). The C/A code is a
unique number for each satellite. The satellite data transmitted by each satellite
includes a satellite almanac for the entire GPS system, its own satellite ephemeris
and its own clock correction.

The system almanac contains information about each of the satellites in the
constellation, ionospheric data and special system messages. The ephemeris
includes detail orbital information for each specific satellite. Ephemeris data
changes hourly, but is valid (in some cases) for up to four hours. The performance
of a GPS receiver at power on is determined largely by availability and accuracy
of the satellite ephemeris data and the availability of a GPS system almanac,

Figure 1 shows three GPS satellites 100, 102 and 104. Although only three
satellites are depicted, more than three can be used. GPS satellites 100, 102 and

104 transmit a signal (shown by dashed lines) to GPS receiver 106 which processes
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the data received from the satellites. The output of GPS receiver 106 is sent to
computer 108, which includes a monitor 110. Computer 108 can be a standard PC
using a 486 processor, Pentium® processor or other suitable processor. Monitor
110 is adapted to display a map 112.

An example of a suitable GPS receiver is the SVeeSix GPS module from
Trimble navigation. The SveeSix is a 6 channel GPS receiver module designed for
high performance GPS applications. The receiver module contains a reference
oscillator, synthesizer and IF circuits, digital signal processing hardware, a 16 bit
microprocessor, serial interface circuitry, an internal power supply and a real time
clock. GPS receiver 106 includes an antenna which receives the signals from the
satellites. GPS signals do not penetrate conductive surfaces. Therefore, the
antenna must have a relatively unobstructed view of the sky. The SveeSix includes
all the circuitry necessary to automatically acquire GPS satellite signals, track up
to eight GPS satellites and compute the GPS derived position, and velocity (speed
and heading).

GPS position accuracy is degraded by atmospheric distortion, satellite and
receiver clock errors, and Selective Availability. The U.S. Department of
Defense, through a program called Selective Availability, intentionally degrades
GPS accuracy for civilian users. The Selective Availability program creates
position errors by modifying the apparent position of each satellite introducing
random dither into each satellite’s clock. The dilution of precision (DOP), a
measure of error, is a description of the uncertainty of particular GPS data.

The position being tracked is the position of the antenna of GPS receiver
106. Alternative embodiments can be designed to track an object other than the
antenna, whose position relative to the antenna is known. If GPS receiver (with
the antenna) 106 is located in an automobile, then the system tracks the location of
the automobile. Alternatively, GPS receiver (and an antenna) 106 could be held

by a walker or runner. In one embodiment, computer 108 is a laptop so that the
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system is mobile. Alternatively, GPS receiver 106 can communicate with
computer 108 via a cellular or telephone modem.

Figure 2 is a flow chart depicting an exemplar method for practicing the
present invention. In step 200 the system receives GPS data. As depicted in
Figure 1, one means for receiving GPS data is for GPS receiver to accept signals
from a satellite, processes the signals and send the processed information to the
system. Alternatively, the system can receive GPS data via a modem, a data file,
simulation data, directly from satellites, etc. In the disclosed embodiment, the GPS
data sent by receiver 106 to computer 108 includes a GPS derived position
(longitude and latitude), GPS derived velocity, DOP and a list of the members of
the satellite constellation. From the longitude and latitude, it is possible to figure
out the displacement from the previous position. From the GPS derived velocity,
a GPS derived speed and a GPS derived heading can be calculated. In many cases,
the velocity vector is only reliable if the speed is above 25 miles an hour. The
satellite constellation includes a list of satellites for which the GPS receiver
received data. Experimentation has shown that GPS data is more reliable when the
GPS receiver is receiving data from the same satellites for an extended period of
time. When the satellite constellation changes, the GPS data tends to be less
reliable.

In step 202, the system determines whether the most recently received GPS
data is reliable. The input to step 202 includes the GPS data and the previous
position and heading of the object being tracked. If the GPS data is not determined
to be reliable then the method loops back to step 200. If the GPS data is reliable,
then (in step 204) the system updates the objects position. The input to step 204
includes the GPS data and the previous heading. In the disclosed embodiment, step
204 can includes updating the object’s position from the previous position to the
GPS derived position. Based on the results of step 202 the object’s heading is
either updated to the GPS derived heading or is updated to a blend. The system

updates the heading to a blend by determining a difference between the previous
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heading (from map matching) and the GPS derived heading. The GPS derived
heading is altered by 1/3 of that difference, toward the previous heading. That
altered GPS derived heading becomes the new heading. For example, if the
previous heading was 3° and the GPS derived heading is 6°, then the blend of the
two headings is 5°. Alternative embodiments can use different methods of
blending the heading, can similarly blend the position information or perform other
suitable update steps.

Subsequent to step 204, the systems performs map matching step 206. That
is, the system matches the updated position and heading from step 204 to an
electronic map. The input to map matching step 206 includes the updated position
and heading from step 204, an estimate of accuracy, the previous position, the
previous heading and the electronic map. The basic process of map matching
includes identifying street segments that are candidates for the most probable street
that the vehicle is traveling on, selecting the best candidate by various criteria, and
identifying the most probable point on that street as the new estimate of the vehicle
position (the map matched position).

The output of map matching step 206 is a new position and heading, called
the map matched position and map matched heading. It is the map matched position
on the electronic map that is reported to the user of the system via monitor 110.
After step 206 is complete, the system loops back to step 200. During the next
iteration of steps 200-206, the most recently computed map matched position and
map matched heading become the “previous position” and “previous heading.” That
is, when new GPS data is received in step 200, that new data is compared to the
position and heading from the last completed map matching step 206.

The method of step 202 is based on several parameters derived from the
previous vehicle position and the current GPS data, including previous heading,
distance between the last position and the GPS derived position; heading from the
previous position to the current GPS derived position (displacement heading);

heading as reported by GPS (GPS derived heading based on velocity); DOP;
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satellite constellation and a jump indication. The previous heading is the direction
of the vehicle at the time of the last position update (e.g. after the last completed
map matching step). The distance between the previous position and the current
GPS derived position is a key element for controlling the logic of the method. For
example, if the GPS derived position is very close to the current vehicle position,
it may mean that the GPS receiver 106 is not moving or is moving very slowly and
nothing should be updated for now. The velocity, including heading and speed,
provided by GPS is only reliable if the vehicle is moving fast enough.  As
discussed above, the DOP values are a measure of GPS error or uncertainty. DOP
can be used in two ways. If DOP values are very large, it is an indication that the
GPS receiver is having difficulty providing a good solution and the results may
have a large error. So if the DOP is above some threshold, the GPS information
can be ignored, step 202 would not determine that the data is reliable and no new
position would be updated. Secondly, since the DOP value provides some
indication of position accuracy, it can be used for map matching. This is usually
done by scaling the DOP number to provide a reasonable region of uncertainty.

The system needs line of sight access to at least three satellites in order to
determine a position. The satellite constellation information reported by GPS can
be used to determine when GPS receiver 106 has started using a different set of
satellites. This may happen as a result of normal satellite motion or line of sight
obstruction. A satellite change is frequently associated with sudden changes in the
GPS report, so the system can use this information as an indicator of stability and
reliability of the GPS information. The satellite constellation is stable if there is
no change in the membership of the satellites used to calculate the GPS derived
position. Additionally, the system checks to see if the report is based on the
minimum number of satellites.

Another way of checking for stability is to check for unreasonable jumps
in the GPS derived position. From a previous GPS derived position the system

can compute a heading to the current GPS derived position and compare it to the
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current GPS heading. If this computed heading is significantly different from the
GPS derived heading, the GPS report may be unstable. This comparison should
not be done on two GPS reports that are close together since this computed
heading may have too much error (e.g. due to low velocity). A reasonable
minimum distance to require between the two GPS reports is 150 feet. A heading
difference, for example, of 60° will detect most GPS jumps. A jump less than
60° is considered stable.

The basis of the method is to simulate dead reckoning using GPS reports
with filtering, and then apply map matching. The GPS data will only be followed
when it is clear from the parameters described above that a real position change
could be made. The system should accept a position change that occurs in the
same direction in which the object being tracked was traveling more readily then
the system should accept a position change in a divergent direction. The greater
the divergence, the more caution should be exercised.

Figure 3 is a flow chart which explains steps 202 and 204 in more detail.
When determining whether the GPS data is reliable, the first step is to compare
the GPS derived position to the previous position (e.g. from map matching). In
step 300, the system determines which region the GPS derived position falls
within. Figure 4 shows a portion of an electronic map that includes two streets
S1 and S2. Location 402 is the previous position and the previous heading is
along street S1, toward S2. Locations 404 and 406 represent two example GPS
derived positions. The map is broken up into five regions: Region 1 (R1),
Region 2 (R2), Region (R3), Region 4 (R4) and Region 5 (R5). The invention
can be practiced with more or less than 5 regions. To create 5 regions 4 distances
are chosen (D1, D2, D3 and D4). In the disclosed embodiment, D1 = 150 feet,
D2 = 300 feet, D3 = 450 feet and D4 = 1500 feet. Other suitable values can
be used. The distance D1 is shown as a circle labeled D1 with its center at
location 402. The distance D2 is shown as a circle labeled D2 with its center at

location 402. The distance D3 is shown as a circle labeled D3 with its center at
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location 402. The distance D4 is shown as a circle labeled D4 with its center at
location 402. Region 1 is the area within circle D1. Region 2 is the area within
circle D2 and not within circle D1. Region 3 is the area within circle D3 and not
within circle D2. Region 4 is the area within circle D4 and not within circle D3.
Region 5 is the area outside circle D4. For example, if the GPS derived position
is location 404, in step 300 the system will determine that the GPS derived
position is in Region 3. -

After the system determines the proper region, the system processes the
data for that region. For each set of GPS data, which includes only one GPS
derived position, the system will perform one of steps 302, 304, 306, 308 and
310. If the GPS derived position is in region 1, the system performs step 302. If
the GPS derived position is in region 2, the system performs step 304. If the GPS
derived position is in region 3, the system performs step 306. If the GPS derived
position is in region 4, the system performs step 308. If the GPS derived position
is in region 5, the system performs step 310.

In step 302, the system determines that the GPS derived position is too
close to the previous position to allow a change in the position. The system
cannot reliably determine a good heading because the position change is very
small. Thus, the system is not able to determine that the GPS data is reliable.
One alternative is to allow the GPS velocity to validate the data within Region 1.
For example, if the GPS derived velocity is above 30 mph, the system could
determine that the GPS data is reliable and update the object’s position to the GPS
derived position.

Figure 5 is a flow chart detailing the method of step 304. In order to
understand the steps in Figure 5, reference is made back to Figure 4. Regions 2-4
are subdivided according to heading. The system is in possession of three sets of
heading information. First, the system knows the previous heading, which is the
output from the previous map matching step. Second, GPS receiver 106 provides

a GPS derived heading based on velocity. Third, the system determines the
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direction from the previous position to the GPS derived position (the displacement
heading). The GPS derived heading and the displacement heading are compared
to the previous heading The comparison is made with reference to thresholds.
Region 2 includes three thresholds: hl, h2 and h3. Thus, a first subdivision
includes headings that are within hl of the previous heading. A GPS derived
heading is within hl of the previous heading, if the difference between the GPS
derived heading and the previous heading is less than or equal to the threshold.
For example, if h1=10°, the GPS derived heading is 20° and the previous
heading is 12°, than the GPS derived heading is within h1 of the previous heading
because the difference between the GPS derived heading and the previous heading
(20° - 12° = 8°) is less than or equal to the threshold hl (10°). Figure 4
graphically shows the heading thresholds for comparing the displacement heading
to the previous heading.

A second subdivision of Region 2 includes headings within threshold h2
of the previous heading but more than threshold heading hl from the previous
heading. A third subdivision includes headings within threshold heading h3 of the
previous heading but more than threshold heading h2 from the previous heading.
Example thresholds for region 2 include h1 =10°, h2 = 25° and h3 = 45°. Note
that the heading thresholds shown in Figure 4 have plus and minus values; thus,
a heading difference of 8° or -8° would be within hl.

In step 500 of figure 5, the system determines whether the GPS derived
heading and the displacement heading are within threshold h1 of the previous
heading. If the GPS derived heading and the displacement heading are within
threshold hl of the previous heading then the GPS data is determined to be
reliable and the step of updating (step 204 of Figure 2) is accomplished in step 502
by updating the position of the object to the GPS derived position and blending
the heading as described above. If the GPS derived heading and the displacement
heading are not within hl then, in step 504, the system determines whether the

GPS derived heading and the displacement heading are within h2 of the previous
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heading, jump is stable and the satellite constellation is constant (e.g. no change
in members of constellation). If the conditions of step 504 are met, the GPS data
is determined to be reliable and the step of updating (step 204 of Figure 2) is
accomplished in step 502. Otherwise, the system checks in step 508 as to whether
both heading measures are within h3 of the previous heading, jump is stable, the
satellite constellation is constant and velocity is above the velocity threshold. One
example velocity threshold is 30 mph.  If the conditions of step 508 are met, then
the GPS data is determined to be reliable and the step of updating (step 204 of
Figure 2) is accomplished in step 510 by updating the previous position and
previous heading to the GPS derived position and GPS derived heading.
Otherwise, no update is made to the current heading or current position (step
506). Even if no update is made, the system may save the current GPS data for
purposes of comparing the current GPS data to future GPS data in order to
validate the future data.

Figure 6 provides a flow chart further describing step 306 of Figure 3. As
can be seen from Figure 4, region 3 is subdivided by two heading thresholds: h4
and h5. Example thresholds for region 3 include h4=20° and h5=30°. In step
602 the system determines whether the GPS derived heading and the displacement
heading are within heading threshold h4 of the previous heading, jump is stable
and the satellite constellation is constant. Looking at Figure 4 it can be seen that
if the previous position was location 402 and the GPS derived position is location
404, then the displacement heading would be within threshold h4. That is, a line
is drawn from location 402 to location 404. The angle between that line and S1
is the displacement heading which is less than h4. This is graphically depicted in
Figure 4 since the line passing through points 402 and 404 would intersect D3
under the hash mark labeled h4. If the GPS derived position is location 406, then
the displacement heading would not be within threshold h4 but would be within

threshold h5 of the previous heading.
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If the conditions of step 602 are met, then the GPS data is determined to
be reliable and the step of updating (step 204 of Figure 2) is accomplished in step
604 by updating the position of the object to the GPS derived position and
blending the heading as described above. Otherwise, in step 606, the system
determines whether the displacement and GPS derived headings are within heading
threshold h5 of the previous heading, jump is stable, satellite constellation is
constant and velocity is above the threshold. If the conditions of step 606 are met,
then the GPS data is determined to be reliable and the step of updating (step 204
of Figure 2) is accomplished in step 608 by updating the previous position and
previous heading to the GPS derived position and GPS derived heading.
Otherwise, no update is made to the current heading or current position (step
610).

Figure 7 shows a flow chart describing step 308 of figure 3. This
corresponds to the situation when the GPS derived position falls within region 4.
Region 4 includes one heading threshold h6. An example value for hé is
approximately 30°. In step 702, the system determines whether the displacement
heading and the GPS derived heading are within threshold h6 of the previous
heading, jump is stable, satellite constellation is constant and velocity is above the
velocity threshold. If the conditions in step 702 are met then the GPS data is
determined to be reliable and the step of updating (step 204 of Figure 2) is
accomplished in step 704 by updating the position of the object to the GPS derived
position and blending the heading as described above. Otherwise, the system
determines, in step 706, whether both the displacement and GPS derived headings
are greater than h6 from the previous heading, jump is stable, satellite
constellation is constant and velocity is above threshold. If the conditions in
step 706 are met, then the GPS data is determined to be reliable and the step of
updating (step 204 of Figure 2) is accomplished in step 708 by updating the

previous position and previous heading to the GPS derived position and GPS
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derived heading. Otherwise, no update is made to the current heading or current
position (step 710).

If the GPS derived position is in region 5 and the satellite constellation is
stable, then the GPS data is determined to be reliable and the step of updating
(step 204 of Figure 2) is accomplished by updating the previous position and
previous heading to the GPS derived position and GPS derived heading;
otherwise, no updates are made (step 310).

When no update is made (e.g. steps 506, 608, 710) the system does not
update the object’s position. Alternatively, the system can repeat the steps of Figs.
3-7 comparing the current GPS data to data older than the previous set of data
(e.g. two or more iterations ago). By comparing the GPS derived position with
a position previous to the previous position, the GPS derived position is likely to
be in a further region (e.g. in region 3 instead of region 1), therefore, increasing
the chance that the system will determine the GPS data to be reliable. By
comparing the GPS derived position with a position previous to the previous
position the system is allowing map matching to occur more often, which in turn,
provides more updates to a user.

After the system determines that the GPS derived data is reliable and
advances the previous map matched position to the current GPS derived position,
the system performs the step of map matching (step 206 of Figure 2). Figure 8,
which will be used to explain the general theory of map matching, shows three
streets S1, S2 and S3. Three points are shown on Figure 8. The point MMPp is
the previous map matched position (e.g. the output of the previous map matching
step). MMPp is on street S2. Arrow MMHp indicates the previous map matched
heading. Since MMPp is on S2, arrow MMHp is parallel to S2. Arrow MMHp
is only being used to graphically depict the map matched heading. MMHp should
actually be superimposed on street S2, but is shown next to S2 for demonstration
purposes. For one embodiment electronic map, angles are measured relative to

due east. That is, a heading of due east is 0°, with positive angles being measured
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counter clockwise. The point GDPc is the current GPS derived position. The
arow GDHc represents the current GPS derived heading. Figure 8 shows a
dashed line from MMPp to GDPc. Along that dotted line is arrow DH, which
represent the displacement heading.

The step of map matching (step 206) will determine whether a more
probable position than the current GPS derived position exists. If it is determined
that a more probable position does exist, then the current GPS derived position is
changed or updated to a certain XY coordinate corresponding to a point on the
street identified as MMPc, the current map matched position. The point MMPc
may not coincide with the actual location of the object being tracked, but has been
determined to be the most probable position at the time of updating.
Alternatively, the step of map matching may determine that no position exists that
is a more probable position than the current GPS derived position, which would
result in no change or updating of the current GPS derived position. Another
alternative includes updating the GPS derived position to a position which is a
blend of the GPS derived position and a position on a street segment. For
example, the step of map matching can update the GPS derived position to a
position half way between the GPS derived position and the closest position to the
GPS derived position that is on a street segment.

Figure 8 also shows a square, labeled as CEP, surrounding point GDPc.
Square CEP represents a contour of equal probability used to estimate the
accuracy of the GPS derived position. The present invention provides and
maintains as the object moves, an estimate of the accuracy of any given GPS
derived position. The estimate embodies the concept that the actual location of
the vehicle or object is never precisely known, so that the estimate covers the area
that the vehicle is likely to be within. The estimate of the accuracy of the given
GPS derived position can be implemented in a variety of forms and is used to
determine the probability of potential update positions of a given GPS derived

position to a map matched position. U.S. Patent No. 4,796,191, incorporated
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herein by reference, explains one exemplar implementation of estimating the
accuracy of a position as a probability density function or as a contour of equal
probability. The present invention uses a simplified version of the contour of
equal probability based on DOP such that the area within square CEP has a fixed
probability of including the actual location of the vehicle. The area inside square
CERP is called the area of uncertainty.

The CEP and area of uncertainty are determined based on the DOP. First,
the DOP is scaled by a factor of 12. This scaling puts the DOP number into map
units. One map unit equals 7.8227 feet. Thus, by multiplying the DOP by 12
and by 7.8227, the dimension of the DOP factor is converted into units of feet.
This number is then used as the length of each side of the square representing the
CEP. For example, if the DOP received by the system is 4, then the CEP would
be represented by a square where each side was equal to approximately 375 feet
(4%12°7.8227 = 375.4896). In the disclosed embodiment, the CEP is calculated
during update step 204. However, the CEP could also be calculated during other
steps, including step 206.

Map matching begins with the GPS derived position (GDPc) and GPS
derived heading (GDHc) as determined by step 204. From the database of street
segments, map matching locates those streets that are reasonable choices. This
determination can be made through a multi-parameter evaluation and may include
locating segments that agree with the vehicle heading within some threshold,
streets segments that are close enough to the vehicle (e.g. whether a given line
segment intersects or is within the region of uncertainty for the GPS derived
position) and street segments that connect to segments that have been identified
as most probable streets in the recent past. From these candidates a best street
segment is selected. This choice may be made on the basis of some combination
of closest distance, best match in heading, connection with past choices, and
history of the sensor data. The end result is usually a selection of a most probable

street. Sometimes the choice may be too ambiguous and the best decision is to
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make no choice at this time (i.e. just keep the GPS derived position). But if a
most probable street is identified, the final step is to determine the most probable
point on that street. This could be done by taking the closest point on the street.
One alternative is to utilize the region of uncertainty as a probability distribution
and compute the point on the street with the highest probability, which may be
slightly different than the closest point. Another alternative allows the map
matching step to determine that the most probable position of is a position not on
aroad. A more detailed description of the map matching process can be found
in U.S. Patent No. 4,796,191, Vehicle Navigation System and Method,
incorporated herein by reference.

The point identified as the most probable point on the most probable street
becomes the new map matched position (MMPc). The heading of the most
probable street is used as the map matched heading. These values are then used
to display the position of the object on the map.

The foregoing detailed description of the invention has been presented for
purposes of illustration and description. It is not intended to be exhaustive or to
limit the invention to the precise form disclosed, and obviously many
modifications and variations are possible in light of the above teaching. The
described embodiment was chosen in order to best explain the principles of the
invention and its practical application to thereby enable others skilled in the art to
best utilize the invention in various embodiments and with various modifications
as are suited to the particular use contemplated. It is intended that the scope of

the invention be defined by the claims appended hereto.
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CLAIMS
I Claim:
1. A method for tracking an object using an electronic map and GPS

data, comprising the steps of:

determining whether said GPS data is reliable;

updating said object’s position based on said GPS data if said GPS data is
determined to be reliable; and

matching said object’s updated position to said electronic map if said GPS

data is determined to be reliable.

2. The method according to claim 1, wherein:
said step of updating is based on said GPS data without using data from

any navigational sensors other than one or more GPS sensors.

3. The method according to claim 1, wherein:

said step of matching uses said updated object position as an input and said
step of matching outputs a map matched position; and

said step of determining uses a previous map matched position to determine

if said GPS data is reliable.

4. The method according to claim 3, wherein:
said step of matching further outputs a map matched heading; and
said step of determining uses a previous map matched heading to determine

if said GPS data is reliable.

5. The method according to claim 3, further including the step of:

reporting said objects position as being said map matched position.
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6. The method according to claim 1, wherein said GPS data includes
said GPS derived position, GPS derived velocity, satellite identification

information and uncertainty information.

7. The method according to claim 1, wherein said step of updating

includes updating a previous heading to a GPS derived heading.

8. The method according to claim 1, wherein said step of updating
includes updating a previous heading to a blend of said previous heading and a

GPS derived heading.

9. The method according to claim 8, wherein said previous heading

is a previous map matched heading.

10.  The method according to claim 1, wherein said step of determining

includes comparing said GPS data to previous GPS data.

11.  The method according to claim 1, wherein said step of determining

includes comparing said GPS data to previous map matched data.

12. The method according to claim 1, wherein said step of determining
includes comparing said GPS data to data previous to said previous map matched

data.
13. The method according to claim 1, wherein said step of determining

is based on a map matched position, a GPS derived position, a GPS derived

velocity, GPS satellite identification information and GPS error information.
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14. The method according to claim 1, wherein said step of determining
does not determine that said GPS data is reliable if said GPS derived position is

within a first distance from a previous position.

15.  The method according to claim 1, wherein said step of determining
determines that said GPS data is reliable if a GPS derived position is within a first
distance from a previous position and a GPS derived velocity is greater than a

velocity threshold.

16.  The method according to claim 1, wherein said step of determining
determines that said GPS data is reliable if:

a GPS derived position is greater than a first distance from a previous
position and within a second distance from said previous position; and

a displacement heading and a GPS derived heading are both within a first

heading threshold of a previous heading.

17.  The method according to claim 16, wherein said previous position

is an immediately preceding map matched position.

18.  The method according to claim 1, wherein said step of determining
determines that said GPS data is reliable if :

said GPS derived position is greater than a first distance from a previous
position and within a second distance from said previous position;

a displacement heading and a GPS derived heading are both greater than
a first heading threshold and within a second heading threshold;

a jump indicator is stable;

a satellite constellation is constant; and

a GPS derived velocity is above a velocity threshold.
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19.  The method according to claim 18, wherein:
said jump indicator is stable if said GPS derived heading is within a jump

threshold of said displacement heading,

20.  The method according to claim I, wherein said step of updating
blends a previous heading with a GPS derived heading if said step of determining
computes that:

said GPS derived position is greater than a first distance from a previous
position and within a second distance from said previous position; and

a displacement heading and a GPS derived heading are within a first

heading threshold of said previous heading.

21.  The method according to claim 1, wherein an output of said step
of matching is a map matched position and said map matched position is

sometimes on a road.

22.  The method according to claim 1, wherein an output of said step
of matching is a map matched position and said map matched position is

sometimes not on a road.

23.  The method according to claim 1, wherein an output of said step
of matching is a map matched position and said map matched position is

sometimes said GPS derived position.
24.  The method according to claim 1, wherein an output of said step
of matching is a map matched position and said map matched position is a blend

of said GPS derived position and a previous map matched position.

25.  The method according to claim 1, wherein:
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said GPS data includes error information;
said error information is used to define an area of uncertainty; and
said step of matching uses said area of uncertainty to match a GPS derived

position to a position on said electronic map.

26.  The method according to claim 1, wherein:
said GPS data includes error information;
said error information is used to define an contour of equal probability;
and
said step of matching uses said contour of equal probability to match a

GPS derived position to a position on said electronic map.

27.  The method according to claim 1, wherein said step of matching
said object’s position includes:
finding a set of possible street segments;
determining a most probable street segment from said set of
possible street segments; and
determining a most likely position on said most probable street

segment, said most likely position being a map matched position.

28. A processor readable storage medium having processor readable
program code embodied on said processor storage medium, said processor
readable program code for tracking an object using an electronic map and GPS
data, comprising

first program code, said first program code determines whether said GPS
data is reliable:

second program code, said second program code updates said object’s

position based on said GPS data if said GPS data is determined to be reliable; and
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third program code, said third program code matches said object’s updated

position to said electronic map if said GPS data is determined to be reliable.

29.  The processor readable storage medium according to claim 28,
wherein:
said second program code updates said GPS data without using data from

any navigational sensors other than one or more GPS sensors.

30.  The processor readable storage medium according to claim 28,
wherein:
said third program code uses said updated object position as an input and
outputs a map matched position and a map matched heading; and
said first program code uses a previous map matched position and a

previous map matched heading to determine if said GPS data is reliable.

31.  The processor readable storage medium according to claim 28,
wherein said second program code blends said previous heading and a GPS

derived heading.

32.  The processor readable storage medium according to claim 28,
wherein said first program code uses a map matched position, a GPS derived
position, a GPS derived velocity , GPS satellite identification information and

GPS error information to determine if said GPS data is reliable.

33.  The processor readable storage medium according to claim 32,
wherein first program code determines that said GPS data is reliable if :
a GPS derived position is greater than a first distance from a previous

position and within a second distance from said previous position; and
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a displacement heading and a GPS derived heading are both within a first

heading threshold of a previous heading.

34. A method for tracking an object using an electronic map,
comprising the steps of:

comparing a GPS derived position to a previous map matched position;

comparing a GPS derived heading to a previous map matched heading;

determining whether said GPS derived position and said GPS derived
heading are reliable based on said steps of comparing said GPS derived position
and comparing said GPS derived heading; and

matching said GPS derived position to said electronic map if said GPS

derived position and said GPS derived heading are determined to be reliable.

35.  The method according to claim 34, wherein said step of matching
uses a blend of said previous map matched heading and said GPS derived heading

to match said GPS derived position to said electronic map.

36.  The method according to claim 34, wherein said step of matching
uses said GPS derived heading to match said GPS derived position to said

electronic map.

37.  The method according to claim 34, wherein said step of
determining determines that said GPS data is reliable if :

a GPS derived position is greater than a first distance from a previous
position and within a second distance from said previous position; and

a displacement heading and a GPS derived heading are both within a first

heading threshold of a previous heading.
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38. A processor readable storage medium having processor readable
program code embodied on said processor storage medium, said processor
readable program code for tracking an object using an electronic map and GPS
data, comprising

5 first program code, said first program code compares a GPS derived
position to a previous map matched position;

second program code, said second program code compares a GPS derived
heading to a previous map matched heading;

third program code, said third program code determines whether said GPS

10 derived position and said GPS derived heading are reliable based on said steps of
comparing said GPS derived position and comparing said GPS derived heading;
and

fourth program code, said fourth program code matches said GPS derived
position to said electronic map if said GPS derived position and said GPS derived

15 heading are determined to be reliable.

39.  The processor readable storage medium according to claim 38,
wherein said third program code determines that said GPS data is reliable if :
a GPS derived position is greater than a first distance from a previous
20 position and within a second distance from said previous position; and
a displacement heading and a GPS derived heading are both within a first

heading threshold of a previous heading.
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