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1

VEHICLE NAVIGATIONAL SYSTEM AND
METHOD

FIELD OF THE INVENTION

The present invention relates generally to an appara-
tus and method for providing information to improve
the accuracy of tracking vehicles movable primarily
over streets, as well as to an automatic vehicle naviga-
tional system and method for tracking the vehicles as
they move over the streets.

A portion of the disclosure of this patent document
contains materials to which a claim of copyright protec-
tion is made. The copyright owner has no objection to
the facsimile reproduction by anyone of the patent doc-
ument or the patent disclosure, as it appears in the Pa-
tent and Trademark Office patent file or records, but
reserves all other rights whatsoever.

BACKGROUND OF THE INVENTION

A variety of automatic vehicle navigational systems
has 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 maintain automatically 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 at a central monitoring station that may
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
courses or headings. A system based upon dead reckon-
ing principles may, for example, detect the distance
traveled and heading of the vehicle using distance and
heading sensors on the vehicle. These distance and
heading data are then processed by, for example, a com-
puter using known equations to calculate periodically a
dead reckoned position DRP of the vehicle. As the
vehicle moves along a street, an old dead reckoned
position DRP, is advanced to a new or current dead
reckoned position DRP, in response to the distance and
heading data being provided by the sensors.

One problem with prior systems using dead reckon-
ing 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 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 inaccu-
rate.

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.
Generally, the additional information may be a map
corresponding to the streets of a given area over which
the vehicle may be moving, The map is stored in mem-
ory as a map data base and is accessed by the computer
to process this stored information in relation to the dead
reckoned positions.

U.S. Pat. No. 3,789,198, issued Jan. 29, 1974, discloses
a vehicle location monitoring system using dead reck-
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2

oning for tracking motor vehicles, including a tech-
nique for compensating for accumulated errors in the
dead reckoned positions. In this system, 2 computer
accesses a stored map data base, which is a table or
array having a 2-dimensional, orthogonal grid of entries
of coordinates X Y that may or may not correspond
to driveable surfaces, such as streets St. Storage loca-
tions in the array that correspond to streets are indi-
cated by a logic 1, while all other storage locations are
filled with a logic 0.

In accordance with a vehicle navigational algorithm
of the patent, a dead reckoned position DRP of the
vehicle is periodically calculated, which position DRP
is identified and temporarily stored in the computer as
coordinates X,/ Yoid. Then, to compensate for the accu-
mulated error, the array is interrogated at a location
corresponding to the coordinates X, Yo If a logic 1
is found, the vehicle is defined as corresponding to a
known driveable surface and no correction is made. If a
logic 0 is found, representing no driveable surface, adja-
cent entries in the array are interrogated, as specifically
described in the patent. If a logic 1 is then found at one
of these adjacent entries, coordinates X,y Y1 are cor-
rected or updated to coordinates X Y corresponding
to the logic 1 that was found, and these latter coordi-
nates then become X4 Yoiq to advance the dead reck-
oned position. If no logic 1 is found after such interroga-
tions, then no change is made to the original X, Yo
and the corresponding dead reckoned position DRP is
advanced.

Another example of an automatic vehicle naviga-
tional system that uses a map data base to correct for the
accumulation of errors in tracking a vehicle is disclosed
in a publication entitled “Landfall: A High Resolution
Vehicle-Location System”, by D. King, GEC Journal
of Science and Technology, Vol. 45, No. 1, 1978, pages
34-44, As described in the publication, the term Land-
fall is an acronym for Links and Nodes Database For
Automatic Landvehicle Location, in which a stored
map data base comprises roads (links) that are intercon-
nected by junctions (nodes) having inlet/outlet ports.
Thus, any mapped area is regarded merely as a network
of nodes, each containing a number of inlet/outlet ports,
and interconnected links.

The publication describes the basic vehicle naviga-
tional algorithm used under the Landfall principle by
assuming that a vehicle is on a road or link moving
toward a node which it will enter by an input port. As
the vehicle moves forward, the motion is detected by a
distance encoder and the “distance-to-go”, i.e., the dis-
tance to go to the next node, is decremented until it
becomes zero, corresponding to the entry point of the
input port of such a node. Then, as the vehicle exits one
of several output ports of the node, a change of heading
of the vehicle at the exit point with respect to the entry
point is measured. Then, the map data base for that node
is scanned for an exit port matching the measured
change in heading and, once identified, this exit port
leads to the entry point of another node and the dis-
tance-to-go to that other node. Landfall attempts to
compensate for the accumulation of error resulting
from the achievable accuracy of the distance encoder
by cancelling the error when the vehicle encounters a
node and turns onto an exit port. More details of this
vehicle navigational algorithm are disclosed in the pub-
lication.
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A common problem with the above-mentioned sys-
tems is the use of limited information to compensate for
the accumulation of error, so as to accurately track a
vehicle. For example, in the vehicle navigational system
of the patent, this limited information is a coarse and
simplistic representation of streets by logic 1 and logic 0
data of the map data base. In the Landfall system, a
relatively simplistic assumption is made that vehicles
are always on a street of the map.

Furthermore, in addition to using limited information
to correct for the accumulation of error, the vehicle
navigational algorithms of the patent and Landfall do
not develop an estimate of correct location accuracy
and use this information in dependence with the map
data base to determine if the vehicle is on a street or not.
Systems that do not maintain this estimate are more
likely to update the position incorrectly or to fail to
update the position when it should be.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a
novel apparatus and method for improving the accu-
racy of tracking a vehicle as it moves over streets.

It is another object of the present invention to pro-
vide a novel apparatus and method for compensating
for the accumulation of error in the vehicle navigational
system usable by a vehicle as it moves over streets.

It is still another object of the present invention to
accurately keep track of the vehicle should the vehicle
move on and off the streets.

The above and other objects are obtained in one
aspect of the present invention which is an apparatus for
providing information to improve the accuracy of
tracking a vehicle movable over streets in a given area,
including first means for providing data identifying
respective positions of the vehicle, each position having
an accuracy relative to an actual location of the vehicle
and one of the positions being a current position, second
means for providing a map data base of the streets, and
means for deriving any of a plurality of parameters in
dependence on one or more respective positions of the
vehicle and the streets of the map data base to determine
if a more probable current position exists.

In a related aspect, the invention is a method for
providing information to improve the accuracy of
tracking a vehicle movable over streets in a given area,
including the steps of providing data identifying respec-
tive positions of the vehicle, each position having an
accuracy relative to an actual location of the vehicle
and one of the positions being a current position, pro-
viding a map data base of the streets, and deriving any
of a plurality of parameters in dependence on one or
more respective positions of the vehicle and the streets
of the map data base to determine if a more probable
current position exists.

Thus, in these apparatus and method aspects of the
present invention, a significant amount of information in
the form of the plurality of parameters may be derived
from the positions of the vehicle and the map data base.
Furthermore, and as will be described more fully be-
low, this information may be used not necessarily to
correct or update the current position of the vehicle,
but at least to determine if a more probable current
position exists.

In another aspect, the present invention is an appara-
tus for automatically tracking a vehicle movable about
streets of an overall given area, including first means for
providing first data identifying respective positions of
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the vehicle as the vehicle moves about the streets, each
position having a certain accuracy and one of the posi-
tions being a current position, second means for provid-
ing second data being an estimate of the accuracy of the
respective positions of the vehicle, the estimate chang-
ing as the vehicle moves about the streets to reflect the
accuracy of the respective positions, third means for
providing a map data base of the streets of the given
area, and means for determining if a more probable
position than the current position exists in response to
the first data, the second data and the map data base.
In a related aspect, the present invention is a method
for automatically tracking a vehicle movable about
streets of an overall given area including providing first
data identifying respective positions of the vehicle as
the vehicle moves about the streets, each position hav-
ing a certain accuracy and one of the positions being a
current position, providing second data being an esti-
mate of the accuracy of the respective positions of the
vehicle, the estimate changing as the vehicle moves
about the streets to reflect the accuracy of the respec-
tive positions, providing a map data base of the streets
of the given area, and determining if a more probable
position than the current position exists in response to
the first data, the second data and the map data base.
With these apparatus and method aspecis of the pres-
ent invention, the vehicle is tracked by determining if a
more probable position than the current position exists.
If a more probable current position is determined, then
the current position is corrected (updated), but if a more
probable position cannot be found, the current position
is not updated. This determination is made in response
to the data about the positions of the vehicle, the data
which are an estimate of the accuracy of the respective
positions of the vehicle and the map data base.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A-FIG. 1C are diagrams used to explain the
principles of dead reckoning.

FIG. 2 is a block diagram of an automatic vehicle
navigational system of the present invention.

FIG. 3 illustrates pictorially a map of a given area
over which a vehicle may move.

FIGS. 4A-4B are illustrations used to explain certain
information of the map data base.

FIGS. 5A-5C-2 are pictorial illustrations used to
explain various embodiments of an estimate of the accu-
racy of the positions of a vehicle.

FIGS. 6A-6E are illustrations used to explain certain
derived parameters of the present invention.

FIGS. 7A-7C show the structure of an overail com-
puter program of the present invention.

FIG. 8 is a flow chart of the overall vehicle naviga-
tional algorithm of the present invention.

FIGS. 9-36 are more detailed flow diagrams and
other illustrations used to explain the vehicle naviga-
tional algorithm of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

I. Introduction

The present invention will be discussed specifically in
relation to automatic vehicle location system using dead
reckoning, which is one approach to tracking a vehicle
movable over streets. However, the present invention
may have application to other approaches to the prob-
lem of automatic vehicle location for tracking vehicles
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moving over streets, including, for example, “proximity
detection” systems which use signposts that typically
are, for example, low power radio transmitters located
on streets to sense and transmit information identifying
the location of a passing vehicle, as well as to Landfall-
type systems previously described. The present inven-
tion also may have application in conjunction with yet
other systems of providing information of the location
of a vehicle movable over streets, such as land-based
radio and/or satellite location systems. Still further-
more, the vehicle that will be discussed may be a motor
vehicle, such as a car, a recreational vehicle RYV), a
motorcycle, a bus or other such type of vehicle primar-
ily movable over streets.

FIGS. 1A-1C are used to explain the basic principles
of dead reckoning for tracking a moving vehicle V.
Accordingly, FIG. 1A shows an XY coordinate system
in which a vehicle V is moving over an actual street St
from an arbitrary first or old location L, at coordinates
XY, to a new or current location L. at coordinates
XcYe.

Assume that an old dead reckoned position DRP, has
been calculated, as described below, which coincides
with the actual location L, of the vehicle V, thereby
also having coordinates X,Y,. Assume also that a new
or current dead reckoned position DRP, is to be calcu-
lated when the vehicle V is at its new or current loca-
tion L. The old dead reckoned position DRP, is ad-
vanced to the current dead reckoned position DRP, by
a calculation using well-known equations as follows:

Xe+Xo+ADcos (H) 1)

¥.=Yo+ADsin (H) @
where XY, are the coordinates of DRP,, AD is a mea-
sured distance traveled by the vehicle V between L,
and L., and H is 2 measured heading of the vehicle V.

The illustration and discussion of FIG. 1A assumes
that there has been no error in calculating the current
dead reckoned position DRP,. That is, the current dead
reckoned position DRP, is shown to coincide exactly
with the actual location L. of the vehicle V, whereby
L. and DRP, have the identical coordinates X.Y..

FIG. 1B illustrates the more general situation in
which errors are introduced into the calculation of the
current dead reckoned position DRP,. As a result, the
current dead reckoned position DRP, will differ from
the actual location L, of the vehicle V by an error E.
This error E can arise due to a number of reasons. For
example, the measurements of the distance AD and the
heading H obtained with distance and heading sensors
(not shown in FIGS. 1A-1C) on the vehicle V may be
inaccurate. Also, equations (1) and (2) are valid only if
the vehicle V travels over distance AD at a constant
heading H. Whenever the heading H is not constant,
error is introduced into the calculation.

Moreover, the error E, unless compensated, will on
average accumulate as the vehicle V continues to move
over the street St since X.Y. becomes X,Y, for each
new calculation of the dead reckoned position DRP, in
accordance with equations (1) and (2). This is indicated
in FIG. 1B by showing the vehicle V at a subsequent
new location L', together with a subsequent current
dead reckoned position DRP’; and an accumulated
error E'5 E. Thus, any given DRP, has a certain inaccu-
racy associated with it corresponding to the error E.

FIG. 1C is used to explain generally the manner in
which the error E associated with a given current dead
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reckoned position DRP. is compensated. FIG. 1C
shows the vehicle V at location L., together with a
current dead reckoned position DRP,and an error E, as
similarly illustrated in FIG. 1B. In accordance with the
present invention, a determination will be made if a
more probable position than the current dead reckoned
position DRP, exists. If it is determined that a more
probable position does exist, then the current dead reck-
oned position DRP, is changed or updated to a certain
XY coordinate corresponding to a point on the street
St, identified as an updated current dead reckoned posi-
tion DRP,,. The DRP,, may or may not coincide with
the actual location L. of the vehicle (shown in FIG. 1C
as not coinciding), but has been determined to be the
most probable position at the time of updating. Alterna-
tively, at this time it may be determined that no more
probable position than the current dead reckoned posi-
tion DRP, can be found, resulting in no changing or
updating of the current dead reckoned position DRP,.
If the updating does occur, then the XY coordinates of
the DRP, become X, Y, in equations (1) and (2) for the
next advance, whereas if no updating occurs at this
time, then the XY coordinates of the DRP, become
XY,

I1. Exemplary System Hardware

FIG. 2 illustrates one embodiment of an automatic
vehicle navigational system 10 of the present invention.
A computer 12 accesses a data storage medium 14, such
as a tape cassette or floppy or hard disk, which stores
data and software for processing the data in accordance
with a vehicle navigational algorithm, as will be de-
scribed below. For example, the computer 12 can be an
IBM Personal Computer (PC) currently and widely
available in the marketplace, that executes program
instructions disclosed below.

System 10 also includes means 16 for sensing dis-
tances AD traveled by the vehicle V. For example, the
means 16 can constitute one or more wheel sensors 18
which sense the rotation of the non-driven wheels (not
shown) respectively of the vehicle V and generate ana-
log distance data over lines 20. An analog circuit 22
receives and conditions the analog distance data on lines
20 in a conventional manner, and then outputs the pro-
cessed data over a line 24.

System 10 also includes means 26 for sensing the
heading H of the vehicle V. For example, means 26 can
constitute a conventional flux gate compass 28 which
generates heading data over a line 30 for determining
the heading H. The previously described wheel sensors
18 also can be differential wheel sensors 18 for generat-
ing heading data as a part of overall means 26. An ad-
vantage of possibly using both the flux gate compass 28
and the differential wheel sensors 18 to provide heading
data to the computer 12 will be discussed below.

The computer 12 has installed in it an interface card
32 which receives the analog distance data from means
16 over line 24 and the analog heading data from means
26. Circuitry 34 on the card 32 converts and conditions
these analog data to digital data identifying, respec-
tively, the distance AD traveled by the vehicle V and
heading H of the vehicle V shown in FIGS. 1A-1C.
For example, the interface card 32 may be the commer-
cially available Tecmar Lab Tender Part No. 20028,
manufactured by Tecmar, Solon, (Cleveland), Ohio.

The system 10 also includes a display means 36, such
as a CRT display or XYZ monitor 38, for displaying a






