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(57) Abstract: A method of and system for determining
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current location measurement to form a set of current
possible positions for the vehicle, retrieving a set of
stored possible paths for the vehicle, generating a new
set of possible paths based on the set of current possible
positions and the set of stored possible paths, and storing
the new set of possible paths as the set of stored possible
paths.
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METHOD AND SYSTEM FOR ELECTRONICALLY DETERMINING
DYNAMIC TRAFFIC INFORMATION

CROSS-REFERENCE TO RELATED APPLICATIONS
The present application claims priority of an earlier filed provisional
application U.S. Ser. No. 60/293,829, entitled METHOD AND SYSTEM FOR
ELECTRONICALLY DETERMINING DYNAMIC TRAFFIC INFORMATION,
filed on May 25, 2001, the entire content of which is incorporated herein by

reference.

BACKGROUND

1. Field of the Invention

The present invention generally relates to a system and method for
determining dynamic traffic information. More particularly, the present invention
relates to generating dynamic traffic information based on locational

measurements.

2. Description of the Related Art

Two kinds of traffic information have traditionally been gathered:
qualitative data and quantitative data. Qualitative data is typically gathered
through reports from traffic helicopters or traveler call-ins. Quantitative data is
usually gathered by public agencies, such as state departments of transportation,
via fixed installation surveillance systems. The most common fixed installation
surveillance systems use inductive loops embedded in roadways. These systems
can be expensive to install and can require expensive, on-going maintenance.

Other kinds of surveillance systems that use radar guns, microwaves,
video surveillance, or electronic toll tags have been proposed or are in
development. All of these surveillance systems typically have high installation
costs because they require equipment to be installed along the roads.
Additionally, these surveillance systems typically have high operating costs due to

ongoing maintenance costs and the cost of bandwidth needed to transmit signals
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from the surveillance systems to a central office. Furthermore, these surveillance
systems typically require installation on public property, which limits the ability
of private companies to install and operate such surveillance systems. Because
surveillance systems are typically expensive to install and operate, use of these
systems is typically limited to freeway or highway surveillance only.

One alternative to fixed installation surveillance systems uses probes, such
as electronic devices, to gather quantitative data about the vehicles in which the
probes are located. However, such probe systems have traditionally faced two
primary limitations. The first limitation is a lack of sufficient numbers of probes
from which to gather information. In particular, insufficient numbers of probes
limits the ability of a system to generate information for large numbers of streets.
The second limitation is the difficulty of determining the particular roads on
which the probe travels. More particularly, the difficulty of placing a vehicle on a
particular road can limit the accuracy of the information gathered about the
vehicle.

The recent development of location systems for determining the position
of a cellular phone or other electronic device addresses the first limitation and
allows for the development of a probe system with much greater capabilities than
previously possible. In particular, tracking the increasing number of cell phones
can overcome the first limitation of insufficient numbers of probes. By tracking
cell phones, a probe system can track thousands of probes simultaneously over a
local road network.

However, with the current location systems available, the second
limitation, the difficulty of determining the particular roads on which the probe
travels, is a major problem. Current systems typically can only locate a phone
within a radius of about 50 meters to about 300 meters, depending on the
technology used, atmospheric conditions, and the specific location of the phone.
Accordingly, locating a phone using current systems presents a serious challenge
for a probe system because a radius of about 300 meters can include a very large

number of roads. Furthermore, present approaches to probe systems generally
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depend on knowing the location of the vehicle to within about 5 meters to about

10 meters.

SUMMARY

The present invention relates to a method of and system for determining a
path traveled by a vehicle in a road network having a plurality of road segments
connected into a plurality of paths. In one embodiment of the present invention, a
current location measurement having an accuracy range is obtained for a vehicle.
Road segments located within this accuracy range of the current location
measurement are then determined to form a set of current possible positions for
the vehicle. Next, a set of stored possible paths for the vehicle are retrieved. A
new set of possible paths are then generated based on the set of current possible
positions and the set of stored possible paths. The new set of possible paths are
then stored as the set of stored possible paths.

In another embodiment, a system configured to determine a path traveled
by a vehicle along road segments in a road network includes a processor and a
database. The processor can be configured to receive a current location
measurement for the vehicle, determine the road segments located within this
accuracy range of the current location measurement to form a set of current
possible positions for the vehicle, and generate a new set of possible paths based
on the set of current possible positions and a set of stored possible paths for the
vehicle. The database can be configured to store a set of stored possible paths for
the vehicle, and store a new set of possible paths as the set of stored possible

paths.
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DESCRIPTION OF THE DRAWING FIGURES

The present invention can be best understood by reference to the following
detailed description taken in conjunction with the accompanying drawing figures,
in which like parts may be referred to by like numerals:

Fig. 1 shows an exemplary road network that can be used with the present
invention;

Fig. 2 depicts an exemplary embodiment of a system that can be used to
generate traffic information;

Fig. 3 is a flow chart depicting another exemplary embodiment of a system
that can be used to generate traffic information;

Fig. 4 is a flow chart depicting an exemplary embodiment of steps that can
be performed by a path generator;

Fig. 5 is an exemplary map and table depicting a process of generating a
new set of possible paths for a vehicle;

Fig. 6 depicts an exemplary graphical result of generating a path traveled
by a vehicle;

Fig. 7 is a flow chart depicting another exemplary embodiment of steps
that can be performed by a path generator;

Fig. 8 is a flow chart depicting another exemplary embodiment of a system
that can be used to generate traffic information;

Fig. 9 is a flow chart depicting another exemplary embodiment of steps
that can be performed by a path generator;

Fig. 10 is a flow chart depicting another exemplary embodiment of steps
that can be performed by a path generator;

Fig. 11 is a flow chart depicting another exemplary embodiment of a
system that can be used to generate traffic information;

Fig. 12 is a flow chart depicting another exemplary embodiment of a
system that can be used to generate traffic information;

Fig. 13 depicts exemplary fields that can be stored as probe data; and

Fig. 14 depicts an exemplary embodiment of a system tha can be used to

retrieve generated traffic information.
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DETAILED DESCRIPTION

The present invention provides a method and apparatus for determining
dynamic traffic information. In the following description, numerous details are
set forth in order to enable a thorough understanding of the present invention.
However, it will be understood by those of ordinary skill in the art that these
specific details are not required in order to practice the invention. Further, well-
known elements, devices, process steps and the like are not set forth in detail in
order to avoid obscuring the present invention.

Although the invention has been described in conjunction with particular
embodiments, it will be appreciated that various modifications and alterations
may be made by those skilled in the art without departing from the spirit and
scope of the invention. The invention is not to be limited by the foregoing
illustrative details, but rather is to be defined by the appended claims.

With reference to Fig. 1, an exemplary road network 100 i§ shown. Road

" network 100 can include road segments A, B, C,D,E,F, G, H, 1, J, K,L, M, N, O,
P, and Q, each of which can be defined as a segment of road between two points.
These points can be associated with interruptions in a road, such as where two
roads meet (e.g., intersections), where two roads cross (e.g., bridges or tunnels),
where a lane is added to or removed from a freeway, and the like. In an urban
area, road segments can generally be short, on the order of 100 meters.

Each road segment can have information associated with it, such as its
geographical location to within about 10 meters to about 20 meters, and
characteristics such as curves in the road segment, whether a road segment is one-
way, and the like. Presently, commercial map data can provide a geographical
location to within about 10 meter to about 20 meter accuracy. Furthermore, this
commercial map data can be used to generate a road network 100 having road
segments. As described below with regard to Fig. 11, this commercial map data

can be used to produce road network data 302.
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In addition, each road segment can have a minimum travel time associated
with it, which corresponds to the minimum amount of time that a vehicle can
travel over the road segment. For instance, road segments having turns, traffic
signals, interruptions, and the like, may have longer minimum travel times than
road segments located on a freeway, highway, and the like. However, road
segments may not have minimum travel times associated with them in all
applications.

According to various embodiments of the present invention, traffic
information can be generated for road network 100. As described below with
regard to various embodiments of the present invention, traffic information can be
generated by aggregating the movements of a large number of electronic devices
associated with vehicles, such as cellular phones, Global Positioning System
(GPS) receivers, and the like, or vehicles themselves based on positional
measurements. Furthermore, with regard to various embodiments of the present
invention, this traffic information can be generated based on positional
measurements of arbitrary accuracy.

With reference to Fig. 2, an exemplary embodiment of a system 200 that
can be used to generate traffic information is shown. System 200 can include
processor 202 and database 204. Processor 202 can include various processing
capabilities and sub-processors, such as path generator 208, road segment
processor 210, and the like, as described more fully below. However, it should be
recognized that each of these sub-processors and processing capabilities can be
configured as separate processors in some applications.

In the present embodiment, database 204 can store various kinds of data,
such as the data included in current location measurement 212, current possible
positions 214, stored possible paths 216, road segment database 218, traffic
information database 220, and the like, as described more fully below. However,
it should be recognized that the above data can be stored in separate databases in
some applications.

With reference to Fig. 3, an exemplary embodiment of system 200 1s

shown along with location measurement provider 300 and road network data 302.
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In particular, location measurement provider 300 can provide a current location
measurement 212 (Fig. 2) to path generator 208 in system 200. Location
measurement provider 300 can use various devices and methods to provide
current location measurement 212. However, current location measurement 212
can be received and processed by system 200 independent of the devices and
methods used by location measurement provider 300 to obtain current location
measurement 212.

Some examples of devices that location measurement provider can use to
obtain current location measurement 212 can include cellular phones, in-vehicle
navigation systems having two-way communications, and the like. For example,
an in-vehicle navigation system can be used that includes a GPS receiver and a
wireless radio modem that can report a current position back to a base station.

Location measurement provider 300 can use various methods to obtain
current location measurements 212. One exemplary method, commonly
associated with cellular phones, that can be used to obtain current location
measurement 212 is through signal profiling, in which the unique characteristics
of a received signal are compared against a database of previous measurements at
known locations to calculate the position. Another exemplary well-known
method of obtaining a current location measurement 212 includes using angle of
arrival measurements, in which a signal from a vehicle is measured at two or more
antennas, and the position of the vehicle is found by triangulation.

Another exemplary method that can be used to obtain a current location
measurement 212 includes using time of arrival measurements, in which the
location of a handset is determined by comparing the trip times transmitted from
the handset to two or more base stations. Additionally, another exemplary method
includes using a GPS. In particular, a handset uses a GPS to locate itself and
sends its location to a base station.

Each of the above-described methods have been used with cellular phones
and other devices to provide locations of these devices. Accordingly, the above-
described methods can be used with all of the major mobile telephone standards

used for cellular phones, such as GSM, CDMA, 3rd generation networks, analog,
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and the like, with the exception of GPS-assisted location systems that require
GPS-equipped handsets.

Other methods that can be used to obtain current location measurements
include in-vehicle navigation systems, which typically use GPS for determining
location, and vehicle identification systems, which typically use roadside
detectors to identify a vehicle. Some vehicle identification systems can use video
processing, electronic toll tags, and vehicle signatures measured using inductive
loops, laser guns, and radar guns.

According to the present embodiment, current location measurements 212
can be obtained using one or a combination of the above-described methods,
mobile telephone standards, and vehicle identification systems, or any other
location system that can generate a series of locations for a vehicle. Each current
location measurement 212 can include information such as identification of the
vehicle (ID), a timestamp, x and y coordinates, and the like. However, it should
be recognized that current location measurements 212 can include coordinates
only or any combination of information about the vehicle or its location.

In the present embodiment, road network data 302 can be provided to path
generator 208 in system 200. Road network data 302 can include information
about road segments (Fig. 1) and connections between them.

Path generator 208 can use both road network data 302 and current
location measurement 212 from location measurement provider 300 to generate a
set of stored possible paths 216 (Fig. 2) that can be used to provide information
about road segments (Fig. 1) traveled by a vehicle. Information regarding the
road segments traveled by a vehicle can be stored in road segment database 218,
which can also store information from multiple vehicles about various road
segments.

In the present embodiment, because information about road segments
obtained from one vehicle, such as travel time, may not necessarily be
representative of information from a collection of vehicles traveling along the
same road segments, information from road segment database 218 can be

processed by road segment processor 210 to produce data such as average travel
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time for a road segment, median travel time for a road segment, distribution of
travel times for a road segment, minimum travel time for a road segment, and the
like. This data can be stored in traffic information database 220. Furthermore,
the data in traffic information database can be continuously updated to reflect new
data about a road segment such as average travel time for a road segment, median
travel time for a road segment, distribution of travel times for a road segment,
minimum travel time for a road segment, and the like, as new data is stored in
road segment database 218 and processed by road segment processor 210.

With reference to Fig. 4, an exemplary embodiment of steps that can be
performed by path generator 208 are shown. Generally, path generator 208 can
use a sequence of current location measurements 212 (Fig. 2) for a particular
vehicle to determine the path traveled by the vehicle through a road network 100
(Fig. 1). More particularly, in step 400, current location measurement 212 (Fig. 2)
having an accuracy range can be obtained from a location measurement provider
300 (Fig. 3).

Next, in step 402, road segments (Fig. 1) located within this accuracy
range of current location measurement 212 can be determined and aggregated to
form a set of current posssible positions 402 for the vehicle. For example, road
network data 302 (Fig. 3) can be searched to determine the road segments having
at least one point located at a distance from the current location measurement 212
that is less than or equal to the specified accuracy.

Following step 402, a set of stored possible paths 216 (Fig. 2) can be
retrieved in 404 from database 204 (Fig. 2) in step 404. This set of stored possible
paths 216 can be used with the set of current possible positions 402 to generate a
new set of possible paths in step 406.

For example, with reference to Fig. 5, a new set of possible paths can be
generated by obtaining a current location measurement 212 having a particular
accuracy range at time 1. Road segments A, B, and C can be identified as road
segments within this accuracy range and stored as a set of current possible

positions (step 402). Because this is the first current location measurement 212
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obtained in this example, each road segment can be stored in the set of stored
possible paths 216.

In the current example, at time 4, current location measurement 212
having a particular accuracy range can be obtained. Road segments B, C, D and E
can be identified as road segments within this accuracy range and stored as a set
of current possible positions. The set of stored possible paths 216 can then be
retrieved and each of these paths can be extended to each current possible poéition
that can be reached from the path. More particularly, in the present example,
starting from path A, the vehicle can move onto C, B, D by way of B, and E by
way of B. Accordingly, path A can be extended to each of these road segments to
create the new set of possible paths AB, AC, ABD and ABE. Furthermore, from
path B, the vehicle can move onto road segments D and E, but the vehicle cannot
move onto road segment C. Accordingly, path B can be extended to each of these
road segments to create the new set of possible paths BB (since the vehicle may
not have yet left link B), BD and BE. Moreover, from path C, the vehicle can
only move onto C, so path C can be extended to become the new set of possible
paths CC.

In the present example, the new set of possible paths is shown in the
second column of the table in Fig. 5. This set includes AC, AB, ABE, ABD, BB,
BE, BD, and CC, and can be saved as the set of stored possible paths. Next, at
time 8, current location measurement 212 having a particular accuracy range can
be obtained. Road segments C, E, F, and G can be identified as road segments
within this accuracy range and stored as a set of current possible positions. The
set of stored possible paths 216 can then be retrieved and each of these paths can
be extended to each current possible position that can be reached from the path.
More particularly, in the present example, a new set of possible paths can be
generated as shown in the third column of the table in Fig. 5. Each of the paths
from the second column can be extended except paths ABD and BD. From road
segment D, the final road segment in path ABD, it is impossible to travel to links

C, E, F, or G. Therefore, these paths are removed from the new set of possible

10
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paths. The new set of possible paths can be stored as the set of stored possible
paths.

Next, at time 12, current location measurement 212 having a particular
accuracy range can be obtained. Road segments F, H, and I can be identified as
road segments within this accuracy range and stored as a set of current possible
positions. The set of stored possible paths 216 can then be retrieved and each of
these paths can be extended to each current possible position that can be reached
from the path. More particularly, in the present example, a new set of possible
paths can be generated as shown in the fourth column of the table in Fig. 5. This
process can be continued until a single path is stored in the set of stored possible
paths, as shown graphically in Fig. 6. Referring back to Fig. 3, this single path
can be stored in road segment database 218 and the road segments can be
processed by road segment processor 210.

In another example, a new set of possible paths can be generated in step
406 by comparing the timestamps of the current location measurements obtained
in step 400. In particular, the timestamp of the original current location
measurement processed for the vehicle can be subtracted from the timestamp of
the current location measurement. The difference is the available travel time.
Next, a minimum travel time can be calculated for each sequence of road
segments connecting the original current location measurement to the current
location measurement. Each sequence having a minimum travel time that is less
than the available travel time can be included in a new path. In particular, a new
path can include the old path, the connecting sequence of road segments, and the
current possible position. The newly created path may be added to the new set of
possible paths.

Alternatively, a new set of possible paths can be generated in step 406 by
subtracting the timestamp of a previous current location measurement processed
for the vehicle from the current location measurement. The difference is the
available travel time. Next, a minimum travel time can be calculated for each
sequence of road segments connecting the previous current location measurement

to the current location measurement. Each sequence having a minimum travel

11
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time that is less than the available travel time can be included in a new path. In
particular, a new path can include the old path, the connecting sequence of road
segments, and the current possible position. The newly created path may be
added to the new set of possible paths.

For instance, with reference again to Fig. 5, the available time, or
difference between timestamps 4 and 8, is 4 seconds. However, it is impossible to
travel from D to links C, E, F, or G in this available time. Accordingly, these
paths cannot be included in the new set of possible paths.

In the present example, if a path can be extended to reach more than one of
the current possible positions, the path can be duplicated, and a copy can be
extended to each of the current possible positions. These extended paths can be
added to the new set of possible paths. If a path cannot be extended to reach any
of the current possible positions, that path is discarded. The new set of possible
paths can then be examined to see whether the vehicle’s actual path can be
determined.

In yet another example, a new set of possible paths can be generated in
step 406 by using a combination of the examples described above. For any of the
above examples, the process of generating a new set of possible paths can be
repeated until a single path is stored in the set of stored possible paths, as shown
graphically in Fig. 6. With reference again to Fig. 3, information about this single
path can be stored in road segment database 218. In particular, information that
can be stored about this single path can include a vehicle identification, a
sequence of road segments in the single path, current possible positions used for
path determination, and the like. However, it should be recognized that not all of
the information listed above may be stored in some applications. Instead, any
combination of the above listed information can be stored, as appropriate for the
application. In addition, the process of generating a new set of possible paths can
be performed for multiple vehicles and a single path for each of these multiple
vehicles can be stored in road segment database 218.

The quantity of location measurements necessary to generate a single path

depends on the accuracy of the current location measurements obtained. As the

12
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inaccuracy of the current location measurements increase, the quantity of current
location measurements necessary can increase. For example, for a current
location measurement obtained with a positional accuracy of about 0 to about 70
meters, a reasonable series of current location measurements can be obtained by
taking measurements about every 2 to 5 seconds over about a 30-second interval.
For a positional accuracy of about 80 to about 140 meters, the interval can be
increased, with about 60 seconds being a reasonable length. For a positional
accuracy of about 150 to about 300 meters, the interval can be increased to about
2 minutes or more in most cases. Accordingly, in one embodiment of the present
invention, a current location measurement can be taken about every 2 seconds
over about a 60 second interval.

According to an exemplary application of the present invention, current
location measurements obtained with a positional accuracy of about 300 meters
can be used to accurately determine paths. Thus, accurate results can be produced
with the present invention even with highly inaccurate input data, in contrast to
conventional mapping techniques that typicially require at least about 10-meter, if
not about 5-meter, accuracy.

In another exemplary application using about 10 meter accuracy and about
1-second sampling intervals, 99.5% of major surface streets in Alameda and
Contra Costa Counties of California can be accurately mapped by tracking the
path of a vehicle. Using an accuracy range of about 70 meters and about 1-second
sampling intervals, 92% of major surface streets in these counties can be
accurately mapped by tracking the path of a vehicle. Furthermore, even when the
accuracy range is increased to about 190 meters, 75% of major surface streets can
be accurately mapped by tracking the path of a vehicle.

With reference now to Fig. 7, another exemplary embodiment of steps that
can be performed by path generator 208 (Fig. 3) are shown. The present
embodiment is similar in many respects to the embodiment shown in Fig. 4,
except that the present embodiment includes filtering a current location

measurement in step 700. Although this filtering can be performed by path

13
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generator 208, it can also be performed by a provider specific filter 808, as shown
in Fig. 8.

With reference again to Fig. 7, after a current location measurement has
been obtained in step 400, it can be filtered in step 700. In one configuration,
filtering can be performed for each current location measurement obtained.
Generally, the filter used in step 700 can be specific to the current location
measurement provider (Fig. 8) and can include a set of software routines that can
perform tasks such as data transformation, assigning an accuracy value,
preliminary error correction, data reduction, and the like. In some configurations,
there may be many filter processes running on one or multiple machines.

In the present embodiment, the format of the current location measurement
212 (Fig. 2) obtained from location measurement provider 300 (Fig. 8) can differ
depending on the technology and software used by the current location
measurement provider. In particular, different current location measurement
providers can provide different formats such as different sets of fields in current
location measurement 212, different encoding of current location measurement
212 in order to transmit the information to system 200, and the like. Accordingly,
the filter in step 700 can convert the current location measurements 212 from the
location measurement provider’s format into a common format. For example,
current location measurements 212 can be converted such that they are referenced
relative to a geodetic datum, such as the WGS84 datum used by the GPS system,
and the like. Furthermore, the converted current location measurements 212 can
be expressed in three-dimensional longitude and latitude.

Although not required to practice the current invention, converted current
location measurements 212 can further be converted from three-dimensional
longitude and latitude to two dimensions using a map projection. For example,
current location measurements 212 generated relative to a WGS84 geodetic datum
can be converted to two-dimensional current location measurements 212 by using
a stereographic map projection centered on a geographical center point of the road

network 100 (Fig. 1) being used.
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In the present embodiment, filtering in step 700 can also include assigning
an accuracy value to the current location measurement obtained in step 400. This
accuracy value can be determined through empirical testing that is performed
outside system 200 (Fig. 2) and is specific to a particular location measurement
provider 300. Although empirical testing can be performed in many ways, one
exemplary method can include comparing the current location measurements 212
obtained from a particular location measurement provider 300 with current
location measurements 212 obtained from a source that uses a known technology.
For example, the accuracy of current location measurements obtained from a test
cell phone can be determined by tracking the test cell phone in a vehicle that is
also equipped with a differential GPS receiver. In particular, the current location
measurements collected from the test cell phone can be compared to the current
location measurements collected by the differential GPS receiver. The differences
between the current location measurements obtained from the test cell phone and
differential GPS receiver can be used as an accuracy value for the test cell phone.
In some cases, the accuracy value can be variable even for a single location
measurement provider 300. Depending on the technology used by the location
measurement provider 300 to obtain current location measurements, supplemental
information about each current location measurement can be obtained, such as
signal strength, number of base stations used, and the like. This supplemental
information can be used to assign separate accuracy values to each current
location measurement 212 obtained from the location measurement provider 300.

In the present embodiment, filtering in step 700 can also include
eliminating faulty current location measurements. In some configurations,
filtering can be performed as each current location measurement is obtained,
while in other configurations current location measurements obtained at different
times can be filtered as a batch. An exemplary method that can be used to
eliminate faulty current location measurements includes associating each current
location measurement with previous location measurements from the same
vehicle. In particular, a current location measurement can be added to a sequence

of previous location measurements for a vehicle and a set of tests can be applied
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to determine if the current location measurement is faulty. For instance, if the
current location measurement is too far away from the most recently obtained
previous location measurement for the vehicle to have actually traveled between
these positions at a reasonable speed, the current location measurement is faulty.
In particular, if current location measurement B is 200 meters away from previous
location measurement A, the difference between the timestamps for locations A
and B is 1 second, and the accuracy is 50 meters, the vehicle must have traveled at
least 100 meters per second to reach location B. Because this rate is unrealistic,
location B can be labeled as a faulty current location measurement.

If a sequence of current location measurements are all marked as faulty or
a large percentage of the recent current location measurements are marked as
faulty, further testing can be applied to the set of current location measurements.
After all current location measurements have been examined and after all of the
current location measurements marked as faulty have been removed from the set,
the set of current location measurements is assumed to be the correct sequence.

In the present embodiment, filtering in step 700 can also include
eliminating current location measurements obtained from non-vehicle sources. In
particular, because system 200 (Fig. 2) can process current location measurements
from multiple vehicles and from various location measurement providers, some of
the current location measurements may inadvertently include non-vehicle sources
that may need to be eliminated in order to reflect accurate traffic information
along the road network. Accordingly, non-vehicle sources can be eliminated by
detecting sequences of current location measurements that exhibit uncharacteristic
vehicle behavior. A primary method that can be used to detect uncharacteristic
vehicle behavior is to determine whether the source is moving at a sufficient
speed. If a source has not moved in several minutes or if it is traveling
consistently at a very slow speed, for example, less than 3 mph, it can be removed
from the set of sources used to provide current location measurements. In
particular, a source can be removed by blocking the source’s vehicle ID from

system 200.
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Although the present embodiment is described with various filter
processes, it should be recognized that a single filter process or a combination of
any of the filter processes can be used. Additionally, it should be recognized that
filter processes may not be used in some applications.

With reference now to Fig. 9, another exemplary embodiment of steps that
can be performed by path generator 208 (Fig. 3) are shown. The present
embodiment is similar in many respects to the embodiment shown in Fig,. 4,
except that the present embodiment includes identifying a sub-path in step 900
and storing a set of shortened paths as the new set of possible paths in step 902.

In particular, in step 900, the new set of possible paths generated in step
406 can be analyzed to determine whether there is a sequence of one or more road
segments, such as a sub-path, that is common to all of the paths in the new set of
possible paths. For instance, the new set of possible paths can be examined to
determine if there are two road segments, a first common road segment and a
second common road segment, that appear in all the paths. If so, these two road
segments represent two known positions through which the vehicle passed. The
road segments between these two known positions can then be examined to
determine if these road segments are identical in each path in the new set of
possible paths. If they are identical, there is a single common sub-path, and the
sub-path can be stored in road segment database 218 (Fig. 3). Sub-paths from
multiple vehicles can also be stored in road segment database 218. Although the
above example describes two common road segments in a sub-path, it should be
recognized that a single road segment that is common to all paths in the new set of
possible paths can also form a sub-path.

After a sub-path is identified, all paths in the new set of possible paths can
be shortened by removing all road segments in the paths prior to the last common
road segment. For instance, if a sub-path includes a single common road segment,
the road segments preceding this single common road segment can be removed.
Additionally, if a sub-path includes at least two common road segments, the road
segments preceding the last common road segment in the sub-path can be

removed. In step 902, this set of shortened paths can then be saved as the new set
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of possible paths. Next, in step 408, the new set of possible paths can be stored as
the set of stored possible paths.

With reference again to Fig. 5, table 502 shows a process of generating
new sets of possible paths, including determining whether there is a sequence of
road segments, such as a sub-path, that is common to all of the paths in the new
set of possible paths. In particular, the new set of possible paths at time 1 does
not include a sub-path that is common to all of the paths. Similarly, the new set of
possible paths at times 4 and 8 do not include a sub-path that is common to all of
the paths. However, the new set of possible paths at time 12 does contain a sub-
path that is common to all of the paths. In particular, each path contains the sub-
path BEF. Accordingly, this sub-path can be stored in road segment database
218, along with sub-paths from other vehicles. Furthermore, all paths can be
shortened by removing the road segments prior to road segment F. Thus, the
resulting set of shortened paths includes F, FH, and FI. This set of shortened
paths can be stored as the new set of possible paths, and the new set of possible
paths can be stored as the set of stored possible paths.

With reference again to Fig. 3, after a sub-path is stored in road segment
database 218, road segment processor 210 can use this sub-path and associated
information, such as current location measurements used to generate this sub-path,
timestamps, and the like, to calculate travel times, speeds, and the like, on the
road segments traversed by an individual vehicle. For instance, with reference
again to Fig. 6, starting with the first road segment in the path traveled by a
vehicle, the current location measurement closest to the starting end of the road
segment can be selected. The timestamp for this current location measurement
can then be subtracted from the timestamp corresponding to the current location
measurement closest to the exiting end of the road segment to obtain the travel
time for the vehicle across this road segment. The travel times and other
calculations for various road segments along the path traveled by a vehicle can be
stored in road segment database 218 or local memory, along with the travel times

and other calculations for other vehicles along various road segments.
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Because the current location measurements are unlikely to be located
exactly at the end points of a road segment, the travel time calculated for a road
segment can be normalized by scaling the distance between the current location
measurements to the total length of the road segment. The timestamps
corresponding to the current location measurements can also be normalized in a
similar manner. Additionally, the average speed on a road segment can be
calculated by dividing the length of the road segment by the travel time.

Furthermore, if the road segments traveled are short or the current location
measurements are highly inaccurate, a resulting error in the travel time
calculations and magnitude of error can be reduced by using a travel time across a
series of road segments. For example, if a road segment in the path is shorter than
a specified length, such as 10 times the accuracy of the location measurements,
the road segment can be added to the next road segment in the path. This
procedure can be repeated until the total length of the series of road segments
reaches or exceeds the specified length. The travel time along the series of road
segments can then be calculated by using the current location measurements
closest to the starting end of the first road segment and the exiting end of the last
road segment 1n the series.

In addition, when a travel time is calculated for a series of road segments
as described above, this combined travel time can be normalized by scaling the
times to the lengths of the road segments in the series. For example, the vehicle
can be assumed to travel at a constant speed over the series of road segments, with
travel time apportioned proportionally to the road segments in the series. In
particular, if the travel time is calculated as 40 seconds across a series of three
road segments, which includes a first road segment that is 100 meters long, a
second road segment that is 200 meters long, and a third road segment that is 100
meters long, the travel time for the first road segment is 10 seconds, the travel
time for the second road segment is 20 seconds, and the travel time for the third
road segment is 10 seconds. This procedure can provide more accurate travel
times for the individual road segments as the total length of the series of road

segments increases because any error can be averaged over a longer distance.
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Referring again to Fig. 3, the travel times and other calculations for
various road segments along the path traveled by a vehicle can be stored in road
segment database 218 or local memory, along with the travel times and other
calculations for other vehicles along various road segments. The calculations can
include information such as vehicle identification, entry time, exit time, travel
time, average speed, and the like.

In the present embodiment, road segment processor 210 can use the
calculations stored in road segment database 218 for multiple vehicles to generate
overall calculations for the individual road segments in a road network. For each
road segment, the calculations for each vehicle that traversed that road segment
during an specified time interval can be gathered, and calculations such as
average, median, distribution values, and the like, can be generated for both travel
times and speeds on the road segment. In addition, delay can also be calculated
for each road segment. For example, delay can be defined as the time difference
between the current travel time on a particular road segment and the time a
vehicle traveling at free flow speed would ideally take to traverse that road
segment.

When information from multiple vehicles is used to generate calculations
for a single road segment, road segment processor 210 can analyze the
distribution of speeds for multiple vehicles along the road segment to identify
whether two distinct peaks appear in the distribution. These distinct peaks can
suggest that two different lanes exist in the road segment and that the traffic flow
differs in these two lanes. For example, traffic flow in a carpool lane may differ
from traffic flow in a mixed flow lane along the same road segment.

In the present embodiment, the final output from road segment processor
210 can be a database of traffic information for the road segments in a road
network. This database of traffic information can be stored in traffic information
database 220. Some examples of the kinds of information that can be stored in
traffic information database 220 can include travel time across each road segment,
average speed across each road segment, delay on each road segment, separate

values for each lane on a multi-lane road segment, and the like. The information
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stored in traffic information database 220 can be used as an area wide map of
current travel conditions on road segments within a road network. Accordingly,
system 200 (Fig. 2) can be used to determine traffic conditions in the road
network, such as the current time to travel between any two points in the road
network.

With reference now to Fig. 10, another exemplary embodiment of steps
that can be performed by path generator 208 (Fig. 3) is shown. The present
embodiment is similar in many respects to the embodiment shown in Fig. 4,
except that the present embodiment includes an exemplary process for handling a
first current location measurement for a vehicle, an exemplary process for
handling the situation when a single possible path traveled by a vehicle is found,
and an exemplary process for identifying a sub-path. Additionally, the current
embodiment refers to a probe as the instrument or device, such as a cellular
phone, GPS receiver, and the like, that can provide current location measurements
to a location measurement provider. Furthermore, the current embodiment refers
to road segments as links.

According to one aspect of the present embodiment, a process for handling
a first current location measurement from a vehicle is depicted. In particular, a
current location measurement, or new point, having an accuracy range can be
obtained in step 400. Next, in step 402, the links in the road network having at
least one point that is located within the accuracy range can be added to the set of
current possible positions, and stored as probe data in step 1002. Probe data can
be stored in memory or saved to a database until the next current location
measurement is obtained for the probe. Each of the stored links can also be stored
as an initial link in a set of stored possible paths in probe data.

According to the present aspect, if the current location measurement
obtained in step 400 is not the first obtained from a particular probe, saved probe
data can be retrieved in step 404. In step 406, each path in the set of stored
possible paths can be compared to the set of current possible positions to
determine if the path can be extended to each current posible position and added

to the set of stored possible paths.
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According to another aspect of the present embodiment, in step 1004, if
the set of stored possible paths saved as probe data includes only a single path,
that path can represent the actual movement of the probe and vehicle. This single
path can then be stored in path data in step 1016, as described more fully below,
for further processing by path processor 208 (Fig. 12), as described below.

According to yet another aspect of the present embodiment, in step 1004,
if the set of stored possible paths in the saved probe data includes more than one
path, the set of stored possible paths can be analyzed to determine if a common
sub-path occurs in each of the paths. More particularly, in step 1008 common
links appearing in each of the paths can be found. Next, in step 1010, if there are
not at least two common links appearing in each of the paths, then probe data can
be updated in step 1002 and processing pauses until another current location
measurement is obtained for the probe. However, if there are at least two
common links appearing in each of the paths, in step 1012, the sequence of road
segments between the common links, or sub-path, is compared for each of the
paths. If all of the sub-paths are identical, then a single common sub-path is
found in step 1014 and this sub-path can be stored in path data in step 1016, as
described more fully below. Additionally, this sub-path can be removed from
each of the paths in the set of stored possible paths to form a set of shortened
paths. These shortened paths can then be stored as the set of stored possible paths
in probe data in step 1002.

Although various aspects are described with respect to the present
embodiment, it should be recognized that any one of these aspects or any
combination of these aspects can be used.

With reference now to Fig. 11, another exemplary embodiment of a
system 200 that can be used to generate traffic information is shown. This
embodiment is similar to the embodiment shown in Fig. 3, except that road
network generator 1102 can be used to produce road network data 302. In
particular, road network generator 1102 can build the data structures in road
network data 302 that can be subsequently used by path generator 208 and road

segment processor 210.
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Road network generator 1102 can first define the set of road segments in
the road network. Then, road network generator 1102 can determine the
connections between road segments over which vehicles can travel. For example,
if a vehicle is traveling in a particular direction on a road segment, road network
generator 1102 can determine the set of road segments onto which the vehicle can
move. More particularly, if the vehicle is traveling towards endpoint A of a road
segment having endpoints A and B, road network generator 1102 can examine all
other road segments in the road network to determine if they have an endpoint
located within 5 meters of endpoint A. If so, road network generator 1102 can
add these road segments to a set of possible connecting road segments.

In addition, each road segment in the set of possible connecting road
segments can be examined to determine if there are conditions that would prevent
a vehicle traveling along the original road segment towards endpoint A to move
onto that road segment. More particularly, road network generator 1102 can use
information about the road segments, such as whether they are one-way or two-
way, whether a particular road crossing is an overpass or tunnel, and the like, to
determine whether the vehicle can travel from the original road segment to the
possible connecting road segment. Accordingly, if a vehicle cannot travel through
endpoint A onto a possible connecting road segment, road network generator 1102
can remove this possible connecting road segment from the set. For example, if
the original road segment is one-way from endpoint A to endpoint B, there are no
possible connecting road segments for endpoint A since a vehicle may not travel
from the original road segment through endpoint A and onto any other road
segment.

In the present embodiment, once road network generator 1102 examines
all road segments in the set of possible connections and removes the non-
connections, the remaining road segments in the set are those road segments that
connect to endpoint A of the original road segment. Road network generator 1102
can then repeat this process for endpoint B.

In the present embodiment, once road network generator 1102 determines

the set of connections between road segments, road network generator 1102 can
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calculate the minimum time for a vehicle to traverse each road segment. The
minimum time for a road segment can be based on factors such as the length of
the road segment, whether the road segment is a freeway road segment or a
surface street, and the like. Furthermore, time penalties may be added at
particular connections. The time penalties can be based on the angle of movement
when traveling from one road segment to another. For example, a 180-degree
turn movement may require the addition of 3-6 seconds to the minimum travel
time, whereas a 15-degree turn to the right may implicate no turn penalty. Other
reasonable penalties for different movements may be determined empirically by
an outside system. In addition, time dependent network connections can be added
to road network data 302. These connections can indicate movements between
road segments that are allowed at certain times of day and not at other times.

After road network data 302 is generated, road network generator 1102
can then pass the completed road network data 302 to path generator 208, as
needed. In one configuration, road network generator 1102 can organize the road
segments into a spatially oriented data structure, such as a quadtree, in which each
rectangle in the quadtree contains a pointer-based linked list of road segments that
cross that rectangle. For instance, the data structure for each road segment can
include two linked lists, one for each endpoint of the road segment, each list
containing the connecting road segments.

In some configurations, information from traffic information database 220
can be used to update the information in road network data 302. For instance,
road network generator 1102 can use information from traffic information
database 220 to add new connections between road segments in the road network.
Obtaining updated information from traffic information database 220 in this
manner can reduce the need to update information from map data provider 1100
on a periodic basis. However, it should be recognized that information from
traffic information database may not be used by road network generator in some
applications.

| In addition, although the above describes road network generator 1102 as

generating road network data 302, road network generator 1102 may not be
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necessary in some applications. In particular, when information from map data
provider 1100 can be used directly as road network data 302, road network
generator 1102 can be omitted. Furthermore, although road network generator
1102 is not shown as part of system 200, road network generator 1102 can be
included in system 200 in some applications.

With reference now to Fig. 12, another exemplary embodiment of a
system 200 that can be used to generate traffic information is shown. This
embodiment is similar to the embodiment shown in Figs. 8 and 11, except that the
present embodiment includes provider filter feedback 1200, probe data 1202, and
the sequence including path data 1204, path processor 1206, link data 1208, and
link aggregator 1210.

According to one aspect of the present embodiment, provider filter
feedback 1200 can perform special testing, such as detecting when all traffic on a
particular road segment has stopped or slowed substantially. As described above,
provider specific filter 808 can eliminate current location measurements obtained
from non-vehicle sources by detecting sequences of current location
measurements that exhibit uncharacteristic vehicle behavior. Furthermore, as
described above, a primary method that can be used to detect uncharacteristic
vehicle behavior is to determine whether the source is moving at a sufficient
speed. If a source has not moved in several minutes or if it is traveling
consistently at a very slow speed, for example, less than 3 mph, it can be removed
from the set of sources used to provide current location measurements. However,
if the vehicle is stopped in traffic or moving very slowly due to traffic congestion,
current location measurements from this vehicle should not be removed.

Accordingly, provider filter feedback 1200 can help detect when traffic on
a particular road segment has stopped or slowed substantially. For instance, if a
vehicle spends an unusually long amount of time, such as a minute or more in
some applications, at about the same location, provider filter feedback 1200 can
provide information about the vehicle, such as its current location measurements
212, the length of time spent at about the same location, and the like, along with

information about other vehicles at or near the same location, to provider specific
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filter 808. Provider specific filter 808 can then compare information from
multiple vehicles to determine whether other vehicles on a particular road
segment are exhibiting similar delays. On the one hand, if other vehicles are
exhibiting similar delays, the delay can be due to traffic conditions, and
processing of the current location measurements 212 obtained from the vehicle
can continue to be processed by the system. On the other hand, if other vehicles
are not exhibiting similar delays, current location measurements 212 for the
vehicle exhibiting a delay can be discarded. In particular, either some or all of the
current location measurements 212 can be discarded depending on the application.
Furthermore, in some applications, the vehicle itself can be removed from the
system, and no further current location measurements can be obtained from this
vehicle. In other applications, if a large number of vehicles is used to obtain
traffic information in the area, the vehicle can be removed from the system for a
limited period of time. In yet other applications, if a small number of vehicles is
used to obtain traffic information in the area, the vehicle can remain in the system
and traffic information obtained from the vehicle can be discarded until the
vehicle begins to move normally, according to the traffic conditions.

According to another aspect of the present embodiment, the output from
provider specific filter 808 can be a sequence of error corrected locations grouped
by probe and ordered by time, and can be stored as probe data 1202. As described
above regarding various embodiments, probe data 1202 can include a set of
current possible positions and a set of stored possible paths for a probe or vehicle.
Furthermore, probe data 1202 can be stored in a database for subsequent
processing by probe processor 208, or it can be stored in memory and directly
passed to probe processor 208.

With reference to Fig. 13, probe data 1202 can include data fields used to
store information for each probe, such as probe identification 1300, X-coordinate
location 1302, Y-coordinate location 1304, timestamp 1306, accuracy range 1308,
and other fields 1310. More particularly, probe identification 1300 can be a
unique number or identifier that is associated with a particular device or vehicle,

such as a probe, throughout a series of current location measurements.

26



WO 02/097760 PCT/US02/15740

Alternatively, non-unique identifiers can be used if the overlapping probe
identification numbers are associated with probes that are geographically
separated or if the risk of confusion is small relative to the number of probes
being tracked. For example, when using a cellular phones as a probe, probe
identification 1300 can be a variation of the probe’s phone number or a variation
of the unique hardware identifier built into the probe. Generally, probe
identification 1300 can be used to differentiate current location measurements
obtained from different probes or vehicles. For example, when filtering faulty
current location measurements, as described above, each current location
measurement can be associated with previous location measurements from the
same vehicle, based on the probe identification 1300 included in the probe data
1202 or current location measurement 212.

Additionally, timestamp 1306 can be the amount of time, such as a number
of seconds, between the time a current location measurement is generated by a
probe and a base time or date. X and Y coordinates 1302 and 1304, respectively,
can be represented in latitude and longitude, and can be converted to meters
measured from the center of a map projection, if desired. Furthermore, accuracy
range 1308 can be expressed in meters and can represent the radius of a circle
centered at a current location measurement within which the actual position of a
probe should be located.

As shown in Fig. 12, probe processor 208 can function as path generator
208 in other embodiments. For instance, each current location measurement can
be passed from provider specific filter 808 to probe processor 208. Probe
processor 208 can use road network data 116 to locate all links that are located
within the accuracy range associated with the current location measurement and
store these links as a set of current possible positions in probe data 1202. As
described more fully above, probe processor 208 can then generate a new set of
possible paths based on this set of current possible positions and a set of stored
possible paths in probe data 1202. Furthermore, probe processor 208 can store
information about any identified sub-paths or a single path stored in the set of

stored possible paths as path data 1204, either in memory or to a database.
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Additionally, path data 1204 can include information such as probe identification,
a sequence of links, associated current location measurements used to determine
the sequence of links or single path, and the like.

According to yet another aspect of the present embodiment, the sequence
including path data 1204, path processor 1206, link data 1208, and link aggregator
1210 can function together in a manner similar to road segment database 218 and
road segment processor, as described above. In particular, after a sub-path is
stored in path data 1204, path processor 1206 can use this sub-path and associated
information, such as current location measurements used to generate this sub-path,
timestamps, and the like, to calculate travel times and speeds on the road
segments traversed by an individual vehicle. For instance, with reference again to
Fig. 6, starting with the first road segment in the path traveled by a vehicle, the
current location measurement closest to the starting end of the road segment can
be selected. The timestamp for this current location measurement can then be
subtracted. from the timestamp corresponding to the current location measurement
closest to the exiting end of the road segment to obtain the travel time for the
vehicle across this road segment. The travel times and other calculations for
various road segments along the path traveled by a vehicle can be stored in path
data 1204 or local memory, along with the travel times and other calculations for
other vehicles along various road segments.

Because the current location measurements are unlikely to be located
exactly at the end points of a road segment, the travel time calculated for a road
segment can be normalized by scaling the distance between the current location
measurements to the total length of the road segment. The timestamps
corresponding to the current location measurements can also be normalized in a
similar manner. Additionally, the average speed on a road segment can be
calculated by dividing the length of the road segment by the travel time.

Furthermore, if the road segments traveled are short or the current location
measurements are highly inaccurate, a resulting error in the travel time
calculations and magnitude of error can be reduced by using a travel time across a

series of road segments. For example, if a road segment in the path is shorter than
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a specified length, such as 10 times the accuracy of the location measurements,
the road segment can be added to the next road segment in the path. This
procedure can be repeated until the total length of the series of road segments
reaches or exceeds the specified length. The travel time along the series of road
segments can then be calculated by using the current location measurements
closest to the starting end of the first road segment and the exiting end of the last
road segment in the series.

In addition, when a travel time is calculated for a series of road segments
as described above, this combined travel time can be normalized by scaling the
times to the lengths of the road segments in the series. For example, the vehicle
can be assumed to travel at a constant speed over the series of road segments, with
travel time apportioned proportionally to the road segments in the series. In
particular, if the travel time is calculated as 40 seconds across a series of three
road segments, which includes a first road segment that is 100 meters long, a
second road segment that is 200 meters long, and a third road segment that is 100
meters long, the travel time for the first road segment is 10 seconds, the travel
time for the second road segment is 20 seconds, and the travel time for the third
road segment is 10 seconds. This procedure can provide more accurate travel
times for the individual road segments as the total length of the series of road
segments increases because any error can can be averaged over a longer distance.

After the travel times and other calculations for various road segments
along the path traveled by a vehicle are generated by path processor 1206, these
calculations can be stored in link data database 1208 or local memory, along with
the travel times and other calculations for other vehicles along various road
segments. The calculations can include information such as vehicle identification,
entry time, exit time, travel time, average speed, and the like.

In the present embodiment, link aggregator 122 can combine information
from link data database 1208 from multiple probes to generate overall calculations
for the individual road segments in a road network. For each road segment, the
calculations for each vehicle that traversed that road segment during a specified

time interval can be gathered from link data database 1208, and calculations such
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as average, median, distribution values, and the like, can be generated for both
travel times and speeds on the road segment. In addition, delay can also be

- calculated for each road segment. For example, delay can be defined as the time
difference between the current travel time on a particular road segment and the
time a vehicle traveling at free flow speed would ideally take to traverse that road
segment.

When information from multiple vehicles is used to generate calculations
for a single road segment, link aggregator 1210 can analyze the distribution of
speeds for multiple vehicles along the road segment to identify whether two
distinct peaks appear in the distribution. These distinct peaks can suggest that two
different lanes exist in the road segment and that the traffic flow differs in these
two lanes. For example, traffic flow in a carpool lane may differ from traffic flow
a mixed flow lane along the same road segment.

In the present embodiment, the final output from link aggregator 1210 can
be a database of traffic information for the road segments in a road network. This
database of traffic information can be stored in traffic information database 220.
Some examples of the kinds of information that can be stored in traffic
information database 220 can include travel time across each road segment,
average speed across each road segment, delay on each road segment, separate
values for each lane on a multi-lane road segment, and the like. The information
stored in traffic information database 220 can be used as an area wide map of
current travel conditions on road segments within a road network. Accordingly,
system 200 (Fig. 2) can be used to determine traffic conditions in the road
network, such as the current time to travel between any two points in the road
network.

Although various aspects are described with respect to the present
embodiment, it should be recognized that any one of these aspects or any
combination of these aspects can be used. Additionally, with regard to the present
embodiment, it should be noted that provider specific filter 808, probe processor
208, path processor 1206, and link aggregator 1210 can be included in processor
202 (Fig. 2).
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With reference now to Fig. 14 and again to Fig. 2, in one exemplary
embodiment, information stored in database 204, including any of the sub-
databases, such as current location measurement 212, current possible positions
214, stored possible paths 216, road segment database 218, traffic information
database 220, and the like, can be aggregated by time period and stored in
historical database 1400. It should be recognized that other databases such as
probe data 1202 (Fig. 12), path data 1204 (Fig. 12), and link data 1208 (Fig. 12)
can also be stored in database 218 and historical database 1400. Furthermore, it
should be recognized that only information from a single sub-database or certain
sub-databases can be stored in historical database 1400 in some applications. For
instance, in one preferred embodiment, information from traffic information
database 220 can be stored in historical database 1400.

In the present exemplary embodiment, the information aggregated in
historical database 1400 can be averaged for each time period. Accordingly, the
historical database can include traffic information generated by system 200 (Fig.
2) that is organized in time intervals such as 5-minute, 15 minute, 1 hour, 4 hour,
daily, day of week intervals, and the like. It should be recognized that any |
appropriate time interval or period can be used..

In the present embodiment, information stored in historical database 1400
can be retrieved in response to a request 1408 processed by query processor 1402.
Query processor 1402 can provide a range of results from historical database
1400, based on a variety of input parameters. In some applications, query
processor can also provide results directly from traffic information database 220.
In particular, query processor can provide results such as the following:

1. Expected current trip time: Query processor 1402 can provide an
expected current trip time based on an input of two location points. In particular,
query processor 1402 can provide an expected amount of time to travel across a
series of road segments that form the shortest path from one location point to the
other, based on the most recent travel times stored in historical database 1400.
For example, query processor 1402 can use the Dijkstra shortest path algorithm,

with travel times as the weights on the individual road segments, to provide an
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expected current trip time. However, it should be recognized that any other
shortest path algorithm using road segment weights can also be used.

2. Expected historical trip time: Query processor 1402 can provide an
expected historical trip time based on an input of two location points, a date or
day of the week, and a time. In particular, query processor 1402 can provide an
expected amount of time to travel across a series of road segments that form the
shortest path from one location point to the other, based on the travel times stored
in historical database 1400 that match the inputted travel time and date or day of
the week. For instance, given an input of Friday at 3:11 p.m., query processor
1402 can provide an expected historical trip time based on information stored in
historical database 1400 for Friday during the 3:10 p.m. to 3:15 p.m. interval. In
some applications, query processor 1402 can use the Dijkstra shortest path '
algorithm, with travel times as the weights on the individual road segments, to
provide an expected historical trip time. However, it should be recognized that
any other shortest path algorithm using road segment weights can also be used.

3. Expected current arrival time: Query processor 1402 can provide an
expected current arrival time based on an input of a starting location point and a
destination location point. In particular, query processor 1402 can calculate the
expected current trip time for the two location points, as described above, and can
add this current expected trip time to to the current time to produce the expected
time to arrive at the destination location point.

4. Expected historical arrival time: Query processor 1402 can provide
an expected historical arrival time based on an input of a starting location point, a
destination location point, and a starting time and date or day of the week. In
particular, query processor 1402 can calculate the expected historical trip time for
the two location points, as described above, and can add this expected historical
trip time to the starting time to produce the expected time to arrive at the
destination location point.

5. Expected current trip time along a route: Query processor 1402 can
provide an expected current trip time along a route based on an input of two

location points and a route between them that includes a series of road segments
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connecting the first location point to the second location point. In particular, the
query processor can provide an expected amount of time to travel along the route,
based on the most recent travel times stored in historical database 1400.

6. Expected historical trip time along a route: Query processor 1402
can provide an expected historical trip time along a route based on an input of two
location points, a route between them that includes a series of road segments
connecting the first location point to the second location point, and a date or day
of the week and a time. In particular, query processor 1402 can provide an
expected amount of time to travel along the route based on the travel times stored
in historical database 1400 that match the travel time and date. For instance,
given an input of Friday at 3:11 p.m., query processor 1402 can provide an
expected historical trip time along a route based on information stored in
historical database 1400 for Friday during the 3:10 p.m. to 3:15 p.m. interval.

7. Expected current arrival time along a route: Query processor 1402
can provide an expected current arrival time along a route based on an input of a
starting location point, a destination location point, and a route between them. In
particular, query processor 1402 can calculate the expected current trip time along
the route, as described above, and can add this current expected trip time along the
route to to the current time to produce the expected time to arrive at the
destination location point.

8.  Expected historical arrival time along a route: Query processor 1402
can provide an expected historical arrival time along a route based on an input of
a starting location point, a destination location point, a route between them, and a
starting time and date or day of the week. In particular, query processor 1402 can
calculate the expected historical trip time along the route, as described above, and
can add this expected historical trip time along the route to the starting time to
produce the expected time to arrive at the destination location point.

9. Unexpected delay on a road segment: Query processor 1402 can
provide an unexpected delay on a road segment based on an input of a road
segment. In particular, query processor 1402 can retrieve from historical database

1400 the most recently calculated current delay and the historical delay
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corresponding to the day of week and time that matches the current day of week
and time. Query processor 1402 can then calculate and provide the unexpected
delay on a road segment by subtracting the historical delay from the current delay.
If the unexpected delay yields a negative value, query processor 1402 can provide
an unexpected delay of zero.

10. Unexpected delay on a route: Query processor 1402 can provide an
unexpected delay on a route based on an input of a route. In particular, query
processor 1402 can calculate the unexpected delay on each road segment in the
route. Then, query processor 1402 can provide the unexpected delay on the route
by summing the unexpected delays for each of these road segments.

In the present embodiment, the results provided by query processor 1402
can be formatted by an information formatter 1404. In particular, information
formatter 1404 can format the results into a form that is appropriate for a final
distribution channel. Information formatter 1404 can then provide the formatted
results to one or more distribution modules 1406. Depending on the final
distribution channel desired, information formatter 1404 can produce formatted
results such as the following:

1. Maps: Information formatter 1404 can provide a map of a desired
area. In particular, information formatter 1404 can generate an image of the road
segments located in the desired area. The image can include encoded information
for each road segment, such as travel time, average speed, delay, unexpected
delay, and the like, along each road segment. Information can be encoded on the
map by highlighting the road segments and providing an associated legend. Road
segments can be highlighted with different shades of color, different line widths,
different line styles, and the like. The encoded information can reflect either
current or historical values. In addition, particular routes can be shown on a map
as a series of highlighted road segments.

2. Text: Information formatter 1404 can also provide text such as travel
time along a route, travel time along a shortest route, arrival time along a route,
arrival time along a shortest route, delay along a route, delay along a shortest

route, unexpected delay along a route, unexpected delay along a shortest route, a
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route as an ordered list of road segments, directions as an ordered list of road
segments with instructions about where to turn, and the like.

In the present embodiment, distribution module 1406 can provide an
interface between information formatter 1404 and external distribution channels.
In particular, distribution module 1406 can deliver information from information
formatter 1404 to various devices in various forms such as: to web pages in the
form of text, to web pages in the form of maps, to cellular phones in the form of
text, to cellular phones in the form of voice, to cellular phones in the form of
maps, to Personal Digital Assistants in the form of text, to Personal Digital
Assistants in the form of voice, to Personal Digital Assistants in the form of maps,
to in-vehicle displays in the form of text, to in-vehicle displays in the form of
voice, to in-vehicle displays in the form of maps, to roadside displays in the form
of text, to roadside displays in the form of maps, to kiosks in the form of text, to
kiosks in the form of maps, to radios in the form of voice, to pagers in the form of
text, and the like.

In addition, it should be recognized that query processor 1402, information
formatter 1404, and distribution module 1406 can be included in processor 202
(Fig. 2).

Although the present invention has been described with respect to certain
embodiments, examples, and applications, it will be apparent to those skilled in
the art that various modifications and changes may be made without departing

from the invention.
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CLAIMS

I claim:

1. A method of determining a path traveled by a vehicle in a road network
having a plurality of road segments connected into a plurality of paths, the method
comprising:

obtaining a current location measurement for the vehicle,

wherein said current location measurement has an accuracy range;

determining the road segments located within said accuracy range of said
current location measurement to form a set of current possible positions  for the
vehicle;

retrieving a set of stored possible paths for the vehicle;

generating a new set of possible paths based on said set of current possible
positions and said set of stored possible paths; and

storing said new set of possible paths as said set of stored possible paths.

2. The method of claim 1, wherein said generating a new set of possible
paths includes:

extending each stored possible path to each current possible position to
form a set of extended paths;

storing each extended path that includes a current possible position that
can be reached from the stored possible path in said extended path; and

removing each extended path that includes a current possible position that

cannot be reached from the stored possible path in said extended path.

3. The method of claim 2,

wherein said storing includes storing each extended path that exists in the
road network, and

wherein said removing includes removing each extended path that does

not exist in the road network.
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4. The method of claim 2,
wherein said set of current possible positions includes a first current
possible position and a second current possible position;
wherein said set of stored possible paths includes a first stored possible
path and a second stored possible path; and
wherein said extending includes:
adding said first current possible position to said first stored
possible path to form a first extended path,
adding said second current possible position to said first stored
possible path to form a second extended path,
adding said first current possible position to said second stored
possible path to form a third extended path, and
adding said second current possible position to said second stored

possible path to form a fourth extended path.

5. The method of claim 4, wherein said storing includes:

storing said first extended path if said first current possible position can be
reached from said first stored possible path;

storing said second extended path if said second current possible position
can be reached from said first stored possible path;

storing said third extended path if said first current possible position can
be reached from said second stored possible path; and

storing said fourth extended path if said second current possible position

can be reached from said second stored possible path.

6. The method of claim 5, wherein said removing includes:

removing said first extended path if said first current possible position
cannot be reached from said first stored possible path;

removing said second extended path if said second current possible

position cannot be reached from said first stored possible path;
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removing said third extended path if said first current possible position
cannot be reached from said second stored possible path; and
removing said fourth extended path if said second current possible position

cannot be reached from said second stored possible path.

7. The method of claim 1, further comprising filtering said current location

measurement.

8. The method of claim 7,

wherein said set of stored possible paths includes a stored possible
path having a previous current location measurement,

wherein said previous current location measurement includes a first
timestamp;

wherein said current location measurement includes a second
timestamp; and

wherein said filtering includes: _
eliminating said current location measurement if the difference between said first
timestamp and said second timestamp is less than a minimum travel time,

storing said current location measurement if the difference between
said first timestamp and said second timestamp is greater than said minimum

travel time.

9. The method of claim 7, wherein said filtering includes eliminating said

current location measurement if it is obtained from a non-vehicle source.

10.  The method of claim 1, further comprising:
storing a sub-path that is common to all paths in said new set of possible
paths,
wherein said sub-path includes a common road segment;
removing road segments from each path in said new set of possible paths

that precede said common road segment to form a set of shortened paths;
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storing said set of shortened paths as said new set of possible paths; and

storing said sub-path in a road segment database.

11.  The method of claim 1, wherein said generating a new set of possible
paths includes:

extending each stored possible path to each current possible position to
form a set of extended paths;

storing each extended path having an available travel time that is greater
than a minimum travel time; and

removing each extended path having an available travel time that is less

than said minimum travel time.

12. The method of claim 11,

wherein said set of stored possible paths includes a stored possible path
having a previous current location measurement,

wherein said previous current location measurement includes a first
timestamp;

wherein said current location measurement includes a second timestamp;
and

wherein said available travel time is the difference between said first

timestamp and said second timestamp.

13.  The method of claim 1, wherein said obtaining includes obtaining a

location measurement from a probe.

14.  The method of claim 13, wherein said probe is a GPS receiver.

15.  The method of claim 13, wherein said probe is a cellular phone.
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16. A method of determining a path traveled by a vehicle in a road network
having a plurality of road segments connected into a plurality of paths, the method
comprising:

obtaining a current location measurement for the vehicle,

wherein said current location measurement has an accuracy range;

determining the road segments located within said accuracy range of said
current location measurement to form a set of current possible positions for the
vehicle;

retrieving a set of stored possible paths for the vehicle;

generating a new set of possible paths based on said set of current possible
positions and said set of stored possible paths;

storing said new set of possible paths as said set of stored possible paths;

detecting when said set of stored possible paths includes a sub-path having
a common road segment that is common to all paths in said set of stored possible
paths; and

storing said sub-path.

17.  The method of claim 16, further comprising:
calculating a travel time for said common road segment; and
storing said travel time in a road segment database,
wherein said road segment database includes travel times from

multiple vehicles.

18.  The method of claim 17, further comprising:
calculating an average travel time for said common road segment using
travel times from said road segment database; and

storing said average travel time in a traffic information database.
19.  The method of claim 17, further comprising:

calculating a median travel time for said common road segment using

travel times from said road segment database; and
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storing said median travel time in a traffic information database.

20.  The method of claim 17, further comprising:
generating a distribution of travel times for said common road segment
using travel times from said road segment database; and

storing said distribution in a traffic information database.

21.  The method of claim 17, further comprising:
calculating a delay for said common road segment using travel times from
said road segment database; and

storing said delay in a traffic information database.

22.  The method of claim 16, further comprising:
calculating a speed for said common road segment; and
storing said speed in a road segment database,
wherein said road segment database includes speeds from multiple

vehicles.

23. The method of claim 22, further comprising:
calculating an average speed for said common road segment using speeds
from said road segment database; and

storing said average speed in a traffic information database.

24.  The method of claim 22, further comprising:
calculating a median speed for said common road segment using speeds
from said road segment database; and

storing said median speed in a traffic information database.
25.  The method of claim 22, further comprising:

generating a distribution of speeds for said common road segment using

speeds from said road segment database; and
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26.

27.

storing said distribution in a traffic information database.

The method of claim 25, further comprising:

identifying a first peak in said distribution;

identifying a second peak in said distribution;

associating said first peak with a first lane in the road network; and

associating said second peak with a second lane in the road network.

The method of claim 18, further comprising:

receiving a request for an expected current trip time for said common road

segment; and

28.

delivering a response based on said average travel time.

The method of claim 18, further comprising:
storing said average travel time in a historical database,

wherein said historical database includes travel times from multiple

vehicles at various times;

receiving a request for an expected historical trip time for said common

road segment; and

29.

delivering a response based on travel times in said historical database.

The method of claim 18, further comprising:

receiving a request for an expected current arrival time for said common

road segment; and

30.

delivering a response based on said average travel time.

The method of claim 18, further comprising:
storing said average travel time in a historical database,

wherein said historical database includes travel times from multiple

vehicles at various times;
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receiving a request for an expected historical arrival time for said common
road segment; and

delivering a response based on travel times in said historical database.

31. The method of claim 21, further comprising:
receiving a request for an unexpected delay on said common road
segment; and

delivering a response based on said delay in said traffic information

database.
32.  The method of claim 27, wherein said response is formatted.
33.  The method of claim 27, wherein said response is provided to an external

distribution channel.

34, The method of claim 18, wherein said traffic information database is
further configured to store average travel times for a plurality of road segments in

the road network.

35.  The method of claim 34, further comprising:
receiving a request for an expected current trip time along a route; and
delivering a response based on said average travel times in said traffic

information database.

36.  The method of claim 18, further comprising:
storing said average travel time in a historical database,
wherein said historical database includes travel times from multiple
vehicles at various times,
wherein said historical database is configured to store travel times
for a plurality of road segments in the road network;

receiving a request for an expected historical trip time along a route; and
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delivering a response based on said travel times in said historical database.

37.  The method of claim 34, further comprising:
receiving a request for an expected current arrival time along a route; and
delivering a response based on said average travel times in said traffic

information database.

38.  The method of claim 18, further comprising:
storing said average travel time in a historical database,
wherein said historical database includes travel times from multiple
vehicles at various times,
wherein said historical database is configured to store travel times
for a plurality of road segments in the road network;
receiving a request for an expected historical arrival time along a route;
and

delivering a response based on said travel times in said historical database.

39.  The method of claim 34, further comprising:
receiving a request for an unexpected delay on a route; and
delivering a response based on said average travel times in said traffic

information database.

40. A system for determining a path traveled by a vehicle along road segments
in a road network, the system comprising:
a processor configured to:

receive a current location measurement for the vehicle,

determine the road segments located within an accuracy range of
said current location measurement to form a set of current possible positions for
said vehicle, and

generate a new set of possible paths based on said set of current

possible positions and a set of stored possible paths for the vehicle; and

44



WO 02/097760 PCT/US02/15740

a database configured to:
store said set of stored possible paths for the vehicle, and
store said new set of possible paths as said set of stored possible

paths.

41. The system of claim 40, wherein said processor is further configured to

filter said current location measurement.

42,  The system of claim 40, wherein said database is further configured to
store a sub-path that is common to all paths in said set of stored possible paths,

wherein said sub-path includes a common road segment.

43. The system of claim 42,
wherein said processor is further configured to calculate a travel time for
said common road segment;
wherein said database is further configured to store said travel time; and
wherein said database is further configured to store travel times for said

common road segment from multiple vehicles.

44, The system of claim 43,
wherein said processor is further configured to calculate a speed for said
common road segment;
wherein said database is further configured to store said speed; and
wherein said database is further conﬁgured to store speeds for said

common road segment from multiple vehicles.

45. The system of claim 44,
wherein said processor is further configured to generate an overall
calculation for said common road segment using travel times or speeds from said

database; and
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wherein said processor is further configured to generate overall
calculations using said travel times or speeds from said database for a plurality of

road segments in the road network.

46.  The system of claim 45, wherein said overall calculation is an average

travel time.

47.  The system of claim 45, wherein said overall calculation is a median travel
time.
48. The system of claim 45, wherein said overall calculation is a distribution

of travel times.

49.  The system of claim 45, wherein said overall calculation is a delay.

50.  The system of claim 45,

wherein said processor is configured to receive a request for an expected
current trip time for a shortest path connecting a first location point to a second
location point; and

wherein said processor is configured to deliver a response based on said

overall calculations.

51. The system of claim 45,

wherein said processor is configured to receive a request for an expected
historical trip time for a shortest path connecting a first location point to a second
location point; and

wherein said processor is configured to deliver a response based on said

overall calculations.

52.  The system of claim 45,
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wherein said processor is configured to receive a request for an expected
current arrival time for a shortest path connecting a first location point to a second
location point; and

wherein said processor is configured to deliver a response based on said

overall calculations.

53. The system of claim 45,

wherein said database is further configured to store overall calculations
corresponding to various times for a plurality of road segments;

wherein said processor is configured to receive a request for an expected
historical arrival time for a shortest path connecting a first location point to a
second location point; and

wherein said processor is configured to deliver a response based on said

overall calculations.

54. The system of claim 45,

wherein said processor is configured to receive a request for an expected
current trip time along a route; and

wherein said processor is configured to deliver a response based on said

overall calculations.

55. The system of claim 45,
wherein said database is further configured to store overall calculations

corresponding to various times for a plurality of road segments;

wherein said processor is configured to receive a request for an expected
historical trip time along a route; and

wherein said processor is configured to deliver a response based on said

overall calculations.

56.  The system of claim 45,
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wherein said processor is configured to receive a request for an expected
current arrival time along a route; and
wherein said processor is configured to deliver a response based on said

overall calculations.

57.  The system of claim 45,

wherein said database is further configured to store overall calculations
corresponding to various times for a plurality of road segments;

wherein said processor is configured to receive a request for an expected
historical arrival time along a route; and

wherein said processor is configured to deliver a response based on said

overall calculations.

58. The system of claim 49,

wherein said processor is configured to receive a request for an
unexpected delay on a route; and

wherein said processor is configured to deliver a response based on said

overall calculations.
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