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PREDICTION OF VEHICLE OPERATOR
DESTINATIONS

BACKGROUND OF THE INVENTION

[0001] The present disclosure relates generally to the
prediction of vehicle operator destinations and in particular,
to a method of suggesting the likely path of a vehicle based
on previous paths taken by the vehicle operator.

[0002] In recent years, navigation systems mounted in
vehicles for displaying a map to vehicle operators have
become more common. Most navigation systems include a
device, such as a global positioning system (GPS) receiver,
for determining the exact location of a vehicle. GPS refers
to a collection of satellites owned by the United States
Government that provide highly accurate, worldwide posi-
tioning and navigation information twenty-four hours per
day. An increasing number of affordable GPS receivers are
being manufactured for consumer as well as non-consumer
use. GPS receivers are continuing to become less expensive,
smaller in size and able to support more features. Many of
the vehicle navigation systems that are currently being
manufactured include GPS receivers.

[0003] A destination point for a vehicle is typically set in
a navigation system by a vehicle operator or by a passenger
using a remote control device or the like. The setting of the
destination point can be based on items such as: the name of
a town or region; a telephone number; or a pre-selected
geographical point from a list of pre-registered geographical
points. Current navigation systems require the use of a map
to determine routes and to perform navigation functions. A
typical navigation system includes a database or access to a
database that contains streets and other geographical land-
marks. These streets and other geographical landmarks are
correlated to GPS coordinates received via a GPS receiver in
order to determine the physical location of a vehicle in terms
of map locations.

[0004] The ability to know that a vehicle operator will be
taking a particular route, coupled with vehicle status infor-
mation and environment data (e.g., traffic, weather) can be
utilized to direct the vehicle operator to particular locations
(e.g., next gas station) and/or to avoid particular locations
(e.g., heavy traffic, bad weather). A disadvantage of using
geographical landmarks and mapping software is that the
database holding the maps can require a significant amount
of storage space and the map becomes out of date as roads
and landmarks change. Alternatively, a vehicle operator may
subscribe to a central map database instead of having the
map database located within the vehicle. This approach, of
subscribing to a map database, can become costly due to
wireless access fees and database fees.

BRIEF DESCRIPTION OF THE INVENTION

[0005] An exemplary embodiment of the present inven-
tion includes a method for predicting vehicle operator des-
tinations. Vehicle position data for a vehicle is received. The
vehicle position data for a current trip is compared to vehicle
position data for a previous trip to predict a destination for
the vehicle. A path to the destination is suggested.

[0006] In a further aspect, a system for predicting vehicle
operator destinations includes a navigation device, a storage
device, and a microprocessor in communication with the
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navigation device and the storage device. The microproces-
sor includes instructions to implement a method including
receiving vehicle position data for a vehicle via said navi-
gation device. The vehicle position data for a current trip is
compared to vehicle position data for a previous trip to
predict a destination for the vehicle. The vehicle position
data for a previous trip is stored in the database. A path to
the destination is suggested.

[0007] Instill another aspect, a computer program product
for predicting vehicle operator destinations includes a stor-
age medium readable by a processing circuit and storing
instructions for execution by the processing circuit for
performing a method. The method includes receiving
vehicle position data for a vehicle. The vehicle position data
for a current trip is compared to vehicle position data for a
previous trip to predict a destination for the vehicle. A path
to the destination is suggested.

[0008] Other systems, methods and/or computer program
products according to embodiments will be or become
apparent to one with skill in the art upon review of the
following drawings and detailed description. It is intended
that all such additional systems, methods, and/or computer
program products be within the scope of the present inven-
tion, and be protected by the accompanying claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Referring to the exemplary drawings wherein like
elements are numbered alike in the several FIGURES:

[0010] FIG. 1 is a block diagram of an exemplary system
for predicting vehicle operator driving patterns;

[0011] FIG. 2 is a block diagram of exemplary software
components for predicting vehicle operator driving patterns;

[0012] FIG. 3 is a graphical representation of an exem-
plary vehicle operator driving pattern; and

[0013] FIG. 4 is a block diagram of an exemplary process
flow for predicting vehicle operator driving patterns.

DETAILED DESCRIPTION OF THE
INVENTION

[0014] An exemplary embodiment of the present inven-
tion is a knowledge-based software system that converts raw
vehicle operator contextual information (e.g., GPS data) to
knowledge (e.g., rules and facts) about a vehicle operator’s
driving behavior. Learning techniques are utilized to predict
the vehicle operator’s route and destination in real-time
based on continuous GPS feeds and knowledge of the
vehicle operator’s previous behavior while driving. In addi-
tion, an exemplary embodiment of the present invention
may be utilized to automatically generate a vehicle opera-
tor’s driving behavior profile that can be used by telematics
services (e.g., navigation, travel, car maintenance).

[0015] The developed knowledge-based software system
consists of a set of operations including fuzzy or approxi-
mate tests of time of day, day of week, positions and paths
made up of a series of positions. The approximations in the
tests manage the variability in actual and apparent vehicle
operator behavior caused by limitations on the precision and
repeatability of the position reporting device and variations
in the vehicle operator, traffic and parking from day to day.
The rules or decision procedures control the segmentation of
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travel into individual trips (e.g., based on an extended
layover at a position), compiling sets of similar trips into
idioms used by a vehicle operator, making and revising
predictions of likely vehicle operator behavior by matching
these idioms with the trip in process, and combining these
predictions with information from external sources. The
external sources may include vehicle telematics (e.g., need
for fuel or service), contact and appointment data from
electronic organizers, traffic information services, and ser-
vice directories.

[0016] In an exemplary embodiment of the present inven-
tion, vehicle operators’ driving behavior profiles are created
automatically based solely on the navigation data, without
utilizing any map or geo-coding databases/services to con-
vert position data into street addresses. This is performed by
utilizing position reporting systems (e.g., GPS) that provide
accuracy and repeatability more granular than the typical
spacing between streets. One advantage this approach offers
is that it does not require a local road database. A local road
database typically requires a large amount of storage space,
becomes less accurate over the service life of a vehicle as
roads change and often omits private roads. Another advan-
tage to this approach is that it does not require continuous
access to a database service. This may result in a significant
cost savings in terms of wireless access fees and database
access fees.

[0017] FIG. 1 is a block diagram of an exemplary system
for predicting vehicle operator driving patterns that includes
both hardware and software components contained within a
vehicle 102. One hardware component is a navigation
device 104 (e.g., a GPS receiver) for continuously deter-
mining position, heading and speed of the vehicle 102.
Another hardware component is a computing device 106
(e.g., a microprocessor) to perform learning and reasoning.
The computing device 106 includes access to persistent
storage 108. The persistent storage 108 may be implemented
using any storage device known in art such as non-volatile
memory in the computing device 106 or a small disk drive
accessible by the computing device 106.

[0018] The software components shown in FIG. 1 include
a learning engine 110, a set of conflict resolution and
prediction rules 112 and a database 114. The system collects
data from a GPS navigation device 104 while the vehicle is
being driven and matches the data with previously collected
data to make a prediction of the operator’s future destina-
tions in real-time using the conflict resolution and prediction
rules 112. Consequently, with the ability to anticipate the
operator’s next move, the system provides information that
may align with the vehicle operator’s needs (e.g., gasoline,
hotels) and may coordinate with providers of external con-
ditions to help the operator improve the driving condition
(e.g., avoid traffic congestion, avoid inclement weather).
Gradually, a database 114 that describes vehicle operator
behaviors and preferences is incrementally derived from the
learning engine 110.

[0019] The navigation device 104 may include any device
known in the art for providing position data such as a GPS
device or an inertial navigation device. Currently, a GPS
device may provide the most cost-effective source of
adequate position information, but rapid progress in micro
electro mechanical systems (MEMS) technology may lead
to a low cost inertial navigational alternative in the near
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future. Both approaches have their advantages and disad-
vantages. For example: GPS may lose reception of satellites
blocked by terrain, buildings and weather; and MEMS may
experience drift from an accumulation of measurement
eITorS.

[0020] The navigation device 104 may either present
reports automatically based on time and/or movement or by
being polled regularly. The frequency of reporting has to be
high enough to recognize vehicle stops and turns. In an
exemplary embodiment of the present invention being uti-
lized for a typical automobile application using GPS as the
navigation device 104, position reports in the range of five
to one hundred meters of change in position and in the range
of one second for a moving vehicle are utilized. Smaller
changes in position are both beyond the limitations of GPS
and may be finer than required for general planning and
navigation. One second at normal driving speed is not more
than thirty to forty meters, and less at sharp turns when
closer position reports are most useful. Accuracy and repeat-
ability need to be sufficient to distinguish position to the
nearest roadway. Individual roads are typically from three to
thirty meters wide and rarely spaced closer than thirty
meters.

[0021] In an alternate exemplary embodiment of the
present invention, one or more of the components depicted
in FIG. 1 are physically located in a different geographic
location than the vehicle 102 and/or the other components.
For example, the persistent storage 108 may be located in a
central location and accessed from the vehicle 102 via a
wireless network connection. In another example, a portion
of the persistent storage 108 is located within the vehicle
102, and another portion is located in a central location and
accessed via a network.

[0022] FIG. 2 is a block diagram of exemplary software
components for predicting vehicle operator driving patterns.
The learning engine 106 receives (e.g., every few seconds,
when the vehicle location changes) a series of reports 204
from the GPS navigation device 104. Any navigation device
104 that can provide location information may be utilized by
exemplary embodiments of the present invention (e.g., GPS
receiver, inertial navigation device). Each report 204 from
the GPS navigation device 104 includes a position that may
be expressed as latitude and longitude, and a timestamp. In
addition, the report 204 may include speed and direction.
While speed and direction can be estimated by comparison
to the preceding position report 204, a more accurate esti-
mate may be available from the GPS navigation device 104.
The learning engine 106 collects and segments the indi-
vidual positions into individual trips for discovering patterns
of similar trips. The output of the learning engine 106 is a set
of high-level messages such as start of trip, end of trip and
reports of patterns. The learning engine may be rules-based
and implemented utilizing any tool for building expert
systems such as C Language Integrated Production System
(CLIPS) or Java Expert Shell System (JESS).

[0023] Still referring to FIG. 2, the conflict resolution and
prediction rules 112 maintain the driver behavior model
database 208 including the rules and facts. The conflict
resolution and prediction rules 112 may be executed in an
expert system environment (e.g., CLIPS, JESS) and initiated
by the learning engine 106. In an exemplary embodiment of
the present invention, the driver behavior model database
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208 is located in or accessed via the persistent storage 108.
The conflict resolution and prediction rules 112 also provide
feedback, via the feedback loop 210 to the vehicle operator
212. This feedback may be advice to the vehicle operator
212 such as how to avoid traffic to a predicted destination.
Alternatively, the feedback loop 210 may seek guidance
from the vehicle operator when different predictions lead to
different advice. In addition, the persistent storage 108 may
be utilized to store the vehicle operator’s driving history,
observed patterns, rules, and data downloaded from elec-
tronic organizers (e.g., appointments and contact informa-
tion).

[0024] One of the conflict resolution and prediction rules
112 implemented by the learning engine 106 computes the
following numeric values summarizing the differences
between two paths. It may be utilized to determine if the
current path is different from previous paths. Each path
consists of a list of coordinates from the navigation device
104 (e.g., latitude and longitude). The driver behaviors
model database 208 stores a copy of each path and statistics
associated with each path (e.g., time of day, day of week).
In an exemplary embodiment of the present invention,
results of the comparison between two paths includes:

[0025] The distance along the beginning of one path
that does not match the other path;

[0026] The distance at the end of one of the paths that
does not match the other path, this may be the same
path or the other path;

[0027] The distance along the first path that is consid-
ered to run roughly parallel to the other path;

[0028] The area between the two paths along this par-
allel distance;

[0029] The mean distance between these parallel paths,
computed as the above area divided by the parallel
distance; and

[0030] The coordinates of the first point (if any) where
the paths move substantially apart.

[0031] In an exemplary embodiment of the present inven-
tion, the above procedure may be written in Java or C to
handle the many cases as the segments of the path cross or
make transitions between segments. Even when two paths
are generated from the record of two identical trips in the
vehicle, the points recorded will vary between paths due to
limitations on the precision and repeatability of the naviga-
tion device 104 and variations in speed due to the flow of
traffic.

[0032] FIG. 3 is a graphical representation of an exem-
plary vehicle operator driving pattern including multiple
paths and corresponding statistics. It represents the type of
information that can be learned by the learning engine 106
utilizing an exemplary embodiment of the present invention,
and thus may be predicted. The lines represent plots of the
coordinate sequence for a route, the circles are locations 302
that represent start and end points for trips. The labels 304
along the routes are the information that would be averaged
to characterize a trip. For example, the top line from the
starting location 302 labeled “work” to the ending location
302 labeled “home” represents a trip on six different week-
day evenings, with an average departure time of 5:45 p.m.
and an average duration of forty-seven minutes. The labels
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on the locations 302 are for convenience in discussing FIG.
3, they are not required for predicting vehicle operator
driving patterns utilizing an exemplary embodiment of the
present invention. In some cases, such labels may be derived
automatically by consulting a geographic database or coor-
dinating with the vehicle operator’s appointment book. A
few locations 302 such as home and work may be guessed
based on being the start and end points for the largest
number of trips. The graph depicted in FIG. 3 is meant to be
a sample of a subset of the kind of data that may be collected
by the learning engine 106 for a particular vehicle operator.

[0033] As described previously, the conflict resolution and
prediction rules 112 control the segmentation of travel into
individual trips (e.g., based on extended layover at a posi-
tion), compiling sets of similar trips into idioms used by a
vehicle operator, making and revising predictions of likely
vehicle operator behavior by matching these idioms with the
trip in progress and combing these predictions with infor-
mation from external sources.

[0034] Trip segmentation rules may be simplified if infor-
mation from the vehicle 102 is available indicating whether
the vehicle 102 is running or not. In this case, turning on the
vehicle 102 signals the start of a trip and turning it off signals
the completion. When this information is not available, it
may be derived from watching the reports from the naviga-
tion device 104. Whenever approximately the same location
and near zero velocity is reported for more than a few
minutes, it can be presumed that the vehicle 102 is between
trips. Some additional processing is required to manage
anomalies where the navigation device 104 cannot report
position because power is removed when the vehicle 102 is
off or located inside a structure that blocks GPS signals.
Immediately following such conditions, there may be some
additional delay while the navigation device 104 reinitializes
(e.g., reacquires satellites). In this case, additional rules will
be utilized to estimate corrections to the start of a new trip.
The final output of these rules is a record of every trip made
in the vehicle 102. For each trip, the starting and ending date,
time and position are recorded, along with a record of the
path followed, as depicted in the example shown in FIG. 3.

[0035] The record of a path may be either a record of every
location reported, in order, from the navigation device 104,
or alternatively, a condensed abstract. An effective abstract
may be derived from the complete record by omitting points
that can be adequately interpolated between the remaining
points. The exact threshold may vary depending on the
application, but it in an exemplary embodiment of the
present invention it is as large as common road widths,
slightly larger than navigation errors, but smaller than the
distance between most parallel roads. In an exemplary
embodiment of the present invention utilizing a GPS navi-
gation device 104, the threshold is about fifty meters. Since
many streets and roads contain long, straight segments, the
segments between turns can be substantially compressed.
This compression can result in cost savings due to using less
persistent storage 108.

[0036] Creating the rules that recognize driving patterns
may be performed by comparing the locations of the end
points, the paths taken, the time of day, and the duration of
the trip. All of these comparisons allow for some inexactness
of the matches that result from the precision of the naviga-
tion device 104, moderate variation in traffic and human
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variation. Trips that match are collected into aggregated
descriptions that represent the typical trip and some indica-
tion of the range of variation in the parameters. Additional
matches can be recognized based on trips that relax some of
these criteria (e.g., follow the same path in the opposite
direction, or are similar in every way except the route). In an
exemplary embodiment of the present invention, the
description of a recurring trip may include the average
endpoint location, the path, the average time of day the trip
starts, the average trip time, the number of similar trips
included and the days of the week observed for this trip.

[0037] The amount of variation accepted impacts whether
the results include a somewhat larger or smaller collection of
recognized trips. The sources of variability may include
navigation errors, traffic variations, parking, and human
factors. Navigation errors occur because GPS readings for
the same location may vary from about ten to twenty meters.
Traffic variations result from the vehicle operator 212 uti-
lizing different lanes and different speeds. Lane choice can
introduce a variation of about three to thirty meters and
traffic variation in congested urban areas can result in
changes in travel time of fifty percent or more from trip to
trip. Because many locations have large parking lots and
substantial variation in the available spaces, parking varia-
tions can result in one hundred meters or more between trips.
In an exemplary embodiment of the present invention, the
ends of trips are considered to be in the same location if they
are less than about one hundred and eighty-six meters apart.
In addition, two routes are considered the same if their
average separation is less than about forty-seven meters.
Also, the start time of a trip matches if it is within one hour
of the other and the duration of a trip matches if it is within
ten minutes (or alternatively, if the longer duration is at most
fifty percent greater). In an alternate exemplary embodiment
of the present invention, the matching for some trips is
improved by replacing fixed thresholds by tests based on a
statistical measurement of the error of a group of points.

[0038] Rule making and revising predictions of likely
driver behavior by matching patterns with the trip in
progress provide a way to anticipate the vehicle operator’s
destination and possible routes. In an exemplary embodi-
ment of the present invention, the time and location of the
current travel is compared with those previously observed.
The time and position are compared as well as the day of the
week. For example, if every instance of some prior collec-
tion of trips occurred only on Monday through Friday but
today is Saturday, the trip would not be a candidate for
predicting the destination. In the event that this is the
destination, on arrival this trip would probably meet the
requirements to be added to the collection and future Sat-
urdays would match. In many cases, multiple trips will
match and the frequency and day of week information may
be utilized to rank the alternatives.

[0039] An additional kind of conflict resolution and pre-
diction rule 112 uses the predicted travel path as the basis for
other applications. For example, each projected route could
be checked with a traffic advisory service. If some of the
routes would encounter severe traffic problems, the vehicle
operator could be advised to take one of the other routes. If
all routes would encounter traffic, a mapping service may be
consulted for new routes. In another example, if the vehicle
sensors report low fuel, this fact plus a likely route may be
fed to a directory service or an electronic commerce agent to
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find the most convenient station, the best price or a brand
preferred by the vehicle operator 212.

[0040] In alternate exemplary embodiments of the present
invention, applications that provide driving directions to
unfamiliar destinations may utilize the driver behavior
model database 208 to adjust the level of detail to the vehicle
operator’s familiarity with an area. For example, the driving
directions could be shortened from a turn-by-turn route the
whole way to directions to drive to a familiar location, as
determined by the vehicle operator’s driving history, and
then a turn-by-turn route to the destination from the familiar
location. In another alternate exemplary embodiment of the
present invention, additional data from sensors on the
vehicle 102 may be made available to the system. Additional
data useful to the vehicle operator’s planning such as those
involving service and maintenance (e.g., low fuel levels,
imminent breakdowns, vehicle status) may also be utilized
when providing feedback to the vehicle operator 212. In
addition, speed and steering data may also be utilized to
provide dead-reckoning redundancy if the GPS signal is lost.

[0041] FIG. 4 is a block diagram of an exemplary process
flow for predicting vehicle operator driving patterns by
creating a model of driver activity 416 from raw geographic
position data 402. The model of vehicle operator activity
416 is created by the learning engine 106 utilizing the
conflict resolution and prediction rules 112. The raw geo-
graphic position data 402 includes reports from a navigation
device 104 such as a low cost GPS receiver. Each report is
a record including data such as the time and date to the
second, position coordinates (e.g., latitude and longitude
coordinates) and optionally speed and heading. When speed
and/or heading are not provided by the navigation device
104, these values may be estimated with a comparison to the
time and location reported in the previous record. Whenever
a vehicle with a GPS receiver is in use, a series of GPS
records form the basis for learning a vehicle operator’s
driving history. In the discussion that follows, unless other-
wise noted, time includes both time and date. In an exem-
plary embodiment of the present invention, the precision
utilized to store position information is accurate to within a
few meters (e.g., about eight significant digits) and time is
kept accurate to one second over either several months or the
useful life of the vehicle (e.g., seven to nine significant
digits).

[0042] At step 404 in FIG. 4, event categorization is
performed to compare the last few position reports to
identify transitions between being parked or stopped and
being underway. Output from event categorization, at step
404, includes event facts 406. This process may be supple-
mented with other information from the vehicle 102 such as
whether the vehicle 102 is turned on or off. This recent
history may be summarized in a record including the time,
position, heading and speed at the previous GPS report.
When the vehicle 102 has been stationary, the process also
records how long the vehicle 102 has been stationary. When
the vehicle 102 is moving, the process also keeps track (e.g.,
with an ordered list) of all the GPS coordinates en-route.
There may be gaps in the reports from the GPS, most
commonly because either the GPS power was off (often
because the vehicle was off) or loss of a satellite signal due
to terrain or buildings. The event facts are records that
include: the time and location at the beginning of a trip; the
time and location at the completion of a trip; and the route
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taken. In an exemplary embodiment of the present invention,
the route is a record of the sequence of latitude and longitude
reports. These outputs and the current GPS report are
included in the event facts 406 which are output from the
event categorization process at step 404.

[0043] An exemplary event categorization rule, used dur-
ing the event categorization process at step 404, for deter-
mining if a vehicle was moving but just stopped includes:

IF at the last reported position, speed was nonzero
AND GPS now reports zero speed at approximately the same location
THEN forget these old facts
AND the last reported position is now the time and position reported
by the GPS with zero speed
AND increment the time spent stationary by the time between the last
report and now.

[0044] Another exemplary event categorization rule, used
during the event categorization process at step 404, includes:

IF the GPS reports travel at over 3 MPH, and close to the last reported
position
THEN forget these old facts
AND the last reported position is now the time, speed and position
reported by the GPS on the heading from the last position to the
current position
ALSO, IF vehicle had been at the old position for 6 minutes or more
(implies vehicle was parked), add to the database the facts
A trip came to an end at the old position when vehicle first
stopped
A new trip began at the old position at the time reported by the
GPS minus the estimated time to get from the last
position to here

[0045] At step 408 in FIG. 4, pattern recognition is
performed to record each trip and to compare it to the other
trips that have been made. As part of pattern recognition, the
learning engine 106 invokes conflict resolution and predic-
tion rules 112. The output from step 408 includes pattern
facts 410 that may be stored in the driver behavior model
database 208. In the simplest case where the events describe
the first or only time a trip has been made, a new pattern fact
is created to record the details of the trip. This record
contains the starting time and location, ending time and
location and the route followed. In an exemplary embodi-
ment of the present invention, the route information is
substantially compressed by eliminating GPS positions that
can be interpolated with modest error based on the remain-
ing points. The amount of compression varies with the
nature of the roads. For example, long straight roads require
fewer positions than winding roads.

[0046] Patterns of trips are recognized in a number of
ways, and the following list is not exhaustive of useful
patterns. In an exemplary embodiment of the present inven-
tion, the approximate time of day is part of the similarity
test, so an otherwise identical trip at nine a.m. and three p.m.
is seen as two different trips. This is somewhat arbitrary, but
may lead to fewer wrong predictions for drivers with dif-
ferent patterns at different times of day. For drivers who
make the same trip several times a day, this approach will
usually infer multiple patterns, each useful at a different time
of day. In the following cases, about the same time of day
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means within about an hour and about the same driving time
means either within about ten minutes or with a ratio
between 0.667 and 1.5. The same location means within
about one hundred and eighty-six meters. “Take the same
route” means that the average distance between the two
routes is less than about forty-seven meters. Other values for
these tests are possible, but if too low, almost nothing will
match and if too high different trips will be treated as
matching. These values may be chosen empirically during
testing to give reasonable results and may be modified based
on actual data. In the case of comparisons to a known group
of similar trips, these tests may be improved by basing the
test on the standard deviation of the relevant values.

[0047] In an exemplary embodiment of the present inven-
tion, two trips are combined into a recognized pattern when
they start and end at about the same location, both trips start
at about the same time of day, both have about the same
driving time and both take the same route. The pattern is
recorded based on the average of the start and end locations,
the average start time, the average driving time along the
route of the first trip, and on the two days of the week the
trips were taken (or one day if the same weekday). The
record also notes when it is the average of two trips.

[0048] Additional trips will be added to a pattern if the trip
matches the pattern in the same way as above. When an
additional trip is added the averages, days of the week and
the count are adjusted for the additional trip. Other patterns
are recognized as a one-time occurrence for a return trip
(i.e., start of one is the end of the other and vice versa) with
similar travel time and for a trip with the same start and end
but a different route. As these patterns are recognized, they
are added to the pattern fact database. An exemplary conflict
resolution and prediction rule 112 for pattern recognition
includes:

/* See-first-repeat:
IF there are two trips made:
AND both starting at about the same time of day;
AND both take about the same time to drive;
AND both start at about the same location and end at about the
same location;
AND the routes match;
THEN replace the record of the two trips with a regular-trip with
these properties:
It starts at the average location and time of day the two trips
started; It ends at the average location the two trips ended;
It follows the route of the first trip;
The driving time is the average of the two trips;
It happens on the days of the week the trips did;
It happens twice.

[0049] At step 412 in FIG. 4, behavior prediction rules are
executed to predict where the current trip is going and the
route that will be taken. The output from executing the
behavior prediction rules includes knowledge facts 414 that
are input into modeling the driver activity 416. This is
performed by comparing the time and location at the start of
the current driving route with each of the observed and
stored patterns located in the driver behavior model database
208 by looking for trips with a similar starting location. In
addition, the day of the week can be used to modify the
similarity test. For example, if every previous trip in one
pattern was on Monday through Thursday but today is
Saturday, this pattern is less likely to be the right prediction.
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If today is Friday, it is more likely than for Saturday, but less
than on Wednesday. Several prior patterns may match the
current start because of variations in the past due to factors
such as traffic, road construction, carpools and doctor’s
appointments. The relative frequency of the various alter-
natives can be utilized to rank the likelihood of the lower
scores when the current trip diverges from a predicted route.

[0050] When information about a driver’s current plans is
available from other sources, it may be possible to make
additional projections or better rank the existing predictions.
For example, a growing number of people use electronic
organizers (e.g., the PALM PILOT) to record their appoint-
ments and contact information. With appropriate hardware
(e.g. a wireless data link such as BLUE TOOTH) and
software in the organizer, an exemplary embodiment of the
present invention may request today’s appointments and
related contact information. For example, a trip starting at
9:15 a.m. and a dentist appointment at 10 a.m. could be the
basis for predicting a trip to the dentist. When there have
been prior trips to the same appointment, those trips become
top predictions. Lacking prior trips, an extending application
might extract the dentist’s address from the contact data in
the organizer and consult a mapping service for the location
and recommended routes. An exemplary behavior prediction
rule for matching trips includes:

WHEN starting a trip now
AND there is a regular-trip that starts close to the same place
AND at about the same time of day
AND the day of the week today fits the pattern of weekdays in
the regular-trip
THEN PREDICT a destination as the destination of this regular-trip via
the route in the regular trip
AND an arrival time as now plus the average trip time
AND give it a ranking score as the number of times this regular-trip
occurred
Adjusting for day of week uncertainly (e.g. seen Monday and
Tuesday but today is Thursday)

[0051] In an alternate exemplary embodiment of the
present invention, the knowledge that has been collected is
utilized to provide better information to the vehicle operator
212. For example, in an urban environment, traffic problems
may be frequent and unpredictable. Many urban freeways
and some major streets now feature real-time data collection
of traffic conditions, but delivery of the information to
vehicle operators 212 is not very effective. Existing channels
for disseminating the information includes radio announce-
ments, television and web pages. Radio often lags fifteen to
twenty minutes behind traffic problems and the driver has to
listen to reports for the entire region. Television also lags
behind, and, like the web, presents a visual distraction that
is likely to impair driving. Assuming the traffic data can be
distributed digitally to vehicles, knowledge of the vehicle
operator’s likely route and destination makes it possible to
isolate advisories relevant to the current location and pre-
dicted route. While GPS information alone can support
partial filtering of traffic data, it will require either presenting
some unneeded reports or result in some surprises when a
driver turns into another road. With knowledge of the
possible routes, traffic can be evaluated based on each route,
and finally interrupt the vehicle operator with advice at a
point where an alternate route is more effective.
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[0052] The data may be made available by several pos-
sible channels. It could be broadcast in a region on a FM
radio station’s subsidiary carrier authorization (SCA) chan-
nel or a paging channel. It could also be implemented as a
query/response transaction over some wireless digital net-
work. Here are examples of some possible rules for traffic
advisories:

/* Warn about traffic:

If passing the current position and heading along a predicted route to
the freeway traffic advisory API returns “traffic speed ahead under 16
MPH”

THEN

mark predicted route as JAMMED
/* Divert driver:
IF a predicted route is JAMMED
AND another predicted route to the same destination is not
JAMMED
AND this is the most likely destination
AND current position is approaching the point where the two routes
diverge
THEN advise driver to take the other route

[0053] An exemplary embodiment of the present inven-
tion may be utilized to anticipate a vehicle operator’s
behavior. The predicted behavior may then be utilized to
make situation specific advice that is more likely to be useful
(e.g., warning of traffic problems along likely routes). In
addition, the ability to create and manage trip information
based solely on the navigation data may eliminate the need
for a large local road database or for continuous access to a
database service. Understanding a vehicle operator’s driving
behaviors may facilitate and improve vehicle operator inter-
action with telematics systems and may also provide the
capability of access to information when needed for a
myriad of e-commerce and business-to-consumer services.
Applications for exemplary embodiments of the present
invention include telematics services for a GM Smart Car
program to minimize vehicle operators’ interaction with
complex web-based services. The vehicle operator may
automatically interact with the existing e-commerce services
(e.g., highway traffic monitor, entertainment, maintenance,
hotels) based on the vehicle operator’s past driving behavior.

[0054] As described above, the embodiments of the inven-
tion may be embodied in the form of computer-implemented
processes and apparatuses for practicing those processes.
Embodiments of the invention may also be embodied in the
form of computer program code containing instructions
embodied in tangible media, such as floppy diskettes, CD-
ROMs, hard drives, or any other computer-readable storage
medium, wherein, when the computer program code is
loaded into and executed by a computer, the computer
becomes an apparatus for practicing the invention. An
embodiment of the present invention can also be embodied
in the form of computer program code, for example, whether
stored in a storage medium, loaded into and/or executed by
a computer, or transmitted over some transmission medium,
such as over electrical wiring or cabling, through fiber
optics, or via electromagnetic radiation, wherein, when the
computer program code is loaded into and executed by a
computer, the computer becomes an apparatus for practicing
the invention. When implemented on a general-purpose
microprocessor, the computer program code segments con-
figure the microprocessor to create specific logic circuits.
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[0055] While the invention has been described with ref-
erence to exemplary embodiments, it will be understood by
those skilled in the art that various changes may be made and
equivalents may be substituted for elements thereof without
departing from the scope of the invention. In addition, many
modifications may be made to adapt a particular situation or
material to the teachings of the invention without departing
from the essential scope thereof. Therefore, it is intended
that the invention not be limited to the particular embodi-
ment disclosed as the best mode contemplated for carrying
out this invention, but that the invention will include all
embodiments falling within the scope of the appended
claims. Moreover, the use of the terms first, second, etc. do
not denote any order or importance, but rather the terms first,
second, etc. are used to distinguish one element from
another.

What is claimed is:
1. A method for predicting vehicle operator destinations,
the method comprising:

receiving vehicle position data for a vehicle;

comparing said vehicle position data for a current trip to
vehicle position data for a previous trip to predict a
destination for said vehicle; and

suggesting a path to said destination.

2. The method of claim 1 wherein said comparing
includes performing event categorization and pattern recog-
nition.

3. The method of claim 2 wherein said event categoriza-
tion includes identifying transitions between said vehicle
being stopped and said vehicle being underway.

4. The method of claim 2 wherein said pattern recognition
includes combining said current trip and said previous trip.

5. The method of claim 1 wherein said predicting includes
performing behavior prediction and modeling driver activ-
ity.

6. The method of claim 1 wherein said previous trip
includes a starting time and location, an ending time and
location, and route data including a plurality of said previous
position data.

7. The method of claim 1 wherein said vehicle position
data includes navigation coordinates.

8. The method of claim 7 wherein said navigation coor-
dinates are GPS coordinates.

9. The method of claim 1 wherein said vehicle position
data includes a time stamp, a date stamp and navigation
coordinates.

10. The method of claim 1 wherein said vehicle position
data further includes a vehicle heading and a vehicle speed.

11. The method of claim 1 further comprising communi-
cating to an operator of said vehicle responsive to said
suggesting.
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12. The method of claim 11 wherein said communicating
is further responsive to vehicle data.

13. The method of claim 11 wherein said communicating
is further responsive to environment data.

14. The method of claim 1 further comprising communi-
cating said path to a telematic service.

15. The method of claim 14 wherein said telematic service
is one or more of navigation, traffic, weather, travel, and car
maintenance.

16. The method of claim 1 wherein said receiving occurs
once during each pre-selected time interval.

17. The method of claim 1 wherein said receiving occurs
in response to said vehicle moving a pre-selected distance.

18. The method of claim 1 wherein said vehicle is an
automobile.

19. A system for predicting vehicle operator destinations,
the system comprising:

a navigation device;
a storage device;

a microprocessor in communication with said navigation
device and said storage device, said microprocessor
including instructions to implement the method com-
prising:

receiving vehicle position data for a vehicle via said
navigation device;

comparing said vehicle position data for a current trip to
vehicle position data for a previous trip to predict a
destination for said vehicle, said vehicle position data
for a previous trip stored in said storage device; and

suggesting a path to said destination.

20. The system of claim 19 wherein said navigation
device is a GPS receiver.

21. The system of claim 19 wherein said storage device is
physically located within said microprocessor.

22. A computer program product for predicting vehicle
operator destinations, the product comprising:

a storage medium readable by a processing circuit and
storing instructions for execution by the processing
circuit for performing a method comprising:

receiving vehicle position data for a vehicle;

comparing said vehicle position data for a current trip
to vehicle position data for a previous trip to predict
a destination for said vehicle; and

suggesting a path to said destination.
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