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GPS-BASED TRAFFIC MONITORING SYSTEM

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims benefit of U.S. Patent Application No.
11/787,350, filed April 16, 2006, U.S. Application No. 11/787,296, filed April 16,
2007, U.S. Patent Application No. 11/637,173, filed December 11, 2006, which
claims the benefit of U.S. Provisional Application No. 60/868,174, filed on December
1, 2006, U.S. Provisional Application No. 60/828,720, filed on October 9, 2006, U.S.
Patent Application No. 11/338,978 filed on January 25, 2006, and, U.S. Patent
Application No. 11/171,563 filed on June 30, 2005. The disclosures of the above
application are incorporated herein by reference in their entirety.

FIELD OF THE INVENTION
[0002] The present invention relates to traffic monitoring systems, and
more particularly to global positioning system (GPS)-based traffic monitoring
systems for vehicles.

BACKGROUND OF THE INVENTION

[0003] Gilobal positioning systems (GPS) for vehicles typically include a
receiver that triangulates vehicle position using beacons generated by GPS
satellites. These systems also typically include a map database that is used to
provide the location of the vehicle on a map, driving directions, the location of
restaurants and other businesses, and/or other information. As cities become more
populated, it has become more difficult to travel without incurring delays due to
traffic congestion, accidents, construction and/or other problems. Finding parking in

congested cities can also be difficult.

SUMMARY OF THE INVENTION
[0004] A traffic monitoring system comprises a traffic estimating module
that estimates an average traffic level on the road during prior ones of first periodic
periods. A traffic monitoring module estimates a current traffic level on the road
during a first portion of a current one of the first periodic periods based on vector
and location information received from at least one of cellular phones and vehicles
during the first portion. A traffic predicting module predicts traffic levels on the road
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during a remaining portion of the current one of the first periodic periods based on
the average traffic level and the estimated current traffic level during the first portion.

[0005] In other features, the traffic monitoring system comprises a cellular
phone includes a global positioning system (GPS) that selectively generates vector
and location data, a transmitter, and a control module that selectively wirelessly
transmits vector and location data of the cellular phone using the transmitter. The
control module transmits the vector and location data of the cellular phone when the
cellular phone is traveling on a first set of predetermined roads and does not

transmit the vector and location data when the cellular phone is traveling on a

’ second set of roads. The control module transmits the vector and location data of

the cellular phone when the cellular phone is traveling at a speed greater than a first
threshold and does not transmit the vector and location data when the cellular
phone is traveling at a speed that is less than the first threshold. A traffic report
generator generates traffic reports based on the vector and location data, wherein
the cellular phone includes a receiver that communicates with the control module
and that wirelessly receives the traffic reports. The traffic reports include traffic
speed information for traffic traveling on at least one road.

[0006] In other features, the traffic monitoring system includes a cellular
phone, and a cellular phone tracking module that generates vector and location data
for the cellular phone. The cellular phone tracking module compares a speed of the
cellular phone on a first road to a first threshold and to an average traffic speed on
the first road and that selectively triggers contact with the cellular phone. The
control module transmits the vector and location data on a periodic basis. The
control module monitors changes in direction of the cellular phone and transmits the
vector and location data when the cellular phone changes direction greater than a
direction change threshold.

[0007] A method for operating a traffic monitoring system comprises
estimating an average traffic level on the road during prior ones of first periodic
periods; estimating a current traffic level on the road during a first portion of a
current one of the first periodic periods based on vector and location information
received from at least one of cellular phones and vehicles during the first portion;
and predicting traffic levels on the road during a remaining portion of the current one
of the first periodic periods based on the average traffic level and the estimated

current traffic level during the first portion.
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[0008] In other features, the method includes providing a cellular phone
including a global positioning system (GPS) that selectively generates vector and
location data, a transmitter, and é control module that selectively wirelessly
transmits vector and location data of the cellular phone using the transmitter. The
method includes transmitting the vector and location data of the cellular phone when
the cellular phone is traveling on a first set of predetermined roads and not
transmitting the vector and location data when the cellular phone is traveling on a
second set of roads.

[0009] In other features, the method includes transmitting the vector and
location data of the cellular phone when the cellular phone is traveling at a speed
greater than a first threshold and not transmitting the vector and location data when
the cellular phone is traveling at a speed that is less than the first threshold. The
method includes generating traffic reports based on the vector and location data;
and wirelessly receiving the traffic reports at the cellular phone. The traffic reports
include traffic speed information for traffic traveling on at least one road. The
method includes providing a cellular phone and providing a cellular phone tracking
module that generates vector and location data for the cellular phone. The method
includes comparing a speed of the cellular phone on a first road to a first threshold
and to an average traffic speed on the first road; and selectively triggering contact
with the cellular phone. The method includes transmitting the vector and location
data on a periodic basis. The method includes monitoring changes in direction of
the cellular phone; and transmitting the vector and location data when the cellular
phone changes direction greater than a direction change threshold.

[0010] A traffic monitoring system comprises traffic estimating means for
estimating an average traffic level on the road during prior ones of first periodic
periods; traffic monitoring means for estimating a current traffic level on the road
during a first portion of a current one of the first periodic periods based on vector
and location information received from at least one of cellular phones and vehicles
during the first portion; and traffic predicting means for predicting traffic levels on the
road during a remaining portion of the current one of the first periodic periods based
on the average traffic level and the estimated current traffic level during the first
portion.

[0011] In other features, the traffic monitoring system includes a cellular
phone including global positioning means for selectively generating vector and
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location data; transmitting means for transmitting data; and control means for
selectively wirelessly transmitting vector and location data of the cellular phone
using the transmitting means. The control means transmits the vector and location
data of the cellular phone when the cellular phone is traveling on a first set of
predetermined roads and does not transmit the vector and location data when the
cellular phone is traveling on a second set of roads. The control means transmits
the vector and location data of the cellular phone when the cellular phone is
traveling at a speed greater than a first threshold and does not transmit the vector
and location data when the cellular phone is traveling at a speed that is less than the
first threshold. Traffic report generating means generates traffic reports based on
the vector and location data, wherein the cellular phone includes a receiver that
communicates with the control means and that wirelessly receives the traffic reports.
The traffic reports include traffic speed information for traffic traveling on at least one
road.

[0012] In other features, the traffic monitoring system includes a cellular
phone; and cellular phone tracking means for generating vector and location data for
the cellular phone. The cellular phone tracking means compares a speed of the
cellular phone on a first road to a first threshold and to an average traffic speed on
the first road and that selectively triggers contact with the cellular phone. The
control means transmits the vector and location data on a periodic basis. The
control means monitors changes in direction of the cellular phone and transmits the
vector and location data when the cellular phone changes direction greater than a
direction change threshold.

[0013] A cellular phone comprises a cellular phone control module that
controls the cellular phone; a global positioning system (GPS) that selectively
generates vector and location data; and a transmitter, wherein the cellular phone
control module selectively wirelessly transmits the vector and location data using the
transmitter when at least one of: the cellular phone is traveling on a first set of
predetermined roads and does not transmit the vector and location data when the
cellular phone is traveling on a second set of roads; and the cellular phone is
traveling at a first speed that is greater than a predetermined speed.

[0014] In other features, the cellular phone includes a receiver that
communicates with the cellular phone control module and that wirelessly receives

traffic reports from a remote traffic monitoring system. The traffic reports include
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traffic speed information for traffic traveling on at least one of the first set of
predetermined roads.

[0015] In other features, a traffic monitoring system comprises the cellular
phone and further comprises a remote traffic monitoring system that receives the
vector and location data and that compares a speed of the cellular phone on a first
road to a first threshold and to an average traffic speed on the first road and that
selectively triggers contact with the cellular phone. The cellular phone control
module transmits the vector and location data on a periodic basis. The cellular
phone control module monitors changes in direction of the cellular phone and
transmits the vector and location data when the cellular phone changes direction
greater than a direction change threshold.

[0016] In other features, a traffic monitoring system comprises the cellular
phone and further comprises a traffic estimating module that estimates an average
traffic level on the road during prior ones of first periodic periods. A traffic
monitoring module estimates a current traffic level on the road during a first portion
of a current one of the first periodic periods based on vector and location information
received from at least one of cellular phones and vehicles during the first portion. A
traffic predicting module predicts traffic levels on the road during a refnaining portion
of the current one of the first periodic periods based on the average traffic level and
the estimated current traffic level during the first portion. The predetermined speed
is based on a typical speed of a person one of walking or running.

[0017] A method for operating a cellular phone comprises providing a
cellular phone control module that controls the cellular phone; selectively generating
vector and location data using a global positioning system of the cellular phone; and
selectively wirelessly transmitting the vector and location data using the transmitter
when at least one of: the cellular phone is traveling on a first set of predetermined
roads and does not transmit the vector and location data when the cellular phone is
traveling on a second set of roads; and the cellular phone is traveling at a first speed
that is greater than a predetermined speed.

[0018] In other features, the method includes wirelessly receiving traffic
reports from a remote traffic monitoring system at the cellular phone. The traffic
reports include traffic speed information for traffic traveling on at least one of the first
set of predetermined roads. The method includes receiving the vector and location
data at a remote traffic monitoring system; comparing a speed of the cellular phone
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on a first road to a first threshold and to an average traffic speed on the first road;
and selectively triggering contact with the cellular phone.

[0019] In other features, the method includes transmitting the vector and
location data on a periodic basis. The method includes monitoring changes in
direction of the cellular phone; and transmitting the vector and location data when
the cellular phone changes direction greater than a direction change threshold. The
method includes estimating an average traffic level on the road during prior ones of
first periodic periods. The method includes estimating a current traffic level on the
road during a first portion of a current one of the first periodic periods based on
vector and location information received from at least one of cellular phones and
vehicles during the first portion. The method includes predicting traffic levels on the
road during a remaining portion of the current one of the first periodic periods based
on the average traffic level and the estimated current traffic level during the first
portion. The predetermined speed is based on a typical speed of a person one of
walking or running.

[0020] A cellular phone comprises cellular phone control means for
controlling the cellular phone; global positioning means for selectively generating
vector and location data; and transmitting means for transmitting data. The cellular
phone control means selectively wirelessly transmits the vector and location data
using the transmitting means when at least one of: the cellular phone is traveling on
a first set of predetermined roads and does not transmit the vector and location data
when the cellular phone is traveling on a second set of roads; and the cellular phone
is traveling at a first speed that is greater than a predetermined speed.

[0021] In other features, the cellular phone includes receiving means for
communicating with the cellular phone control means and for wirelessly receiving
traffic reports from a remote traffic monitoring system. The traffic reports include
traffic speed information for traffic traveling on at least one of the first set of
predetermined roads.

[0022] In other features, a traffic monitoring system comprises the cellular
phone and further comprises remote traffic monitoring means for receiving the
vector and location data and for comparing a speed of the cellular phone on a first
road to a first threshold and to an average traffic speed on the first road and for
selectively triggering contact with the cellular phone. The cellular phone control
means transmits the vector and location data on a periodic basis. The cellular
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phone control means monitors changes in direction of the cellular phone and
transmits the vector and location data when the cellular phone changes direction
greater than a direction change threshold.

[0023] In other features, a traffic monitoring system comprises the cellular
phone and further comprises traffic estimating means for estimating an average
traffic level on the road during prior ones of first periodic periods. Traffic monitoring
means estimates a current traffic level on the road during a first portion of a current
one of the first periodic periods based on vector and location information received
from at least one of cellular phones and vehicles during the first portion. Traffic
predicting means predicts traffic levels on the road during a remaining portion of the
current one of the first periodic periods based on the average traffic level and the
estimated current traffic level during the first portion. The predetermined speed is
based on a typical speed of a person one of walking or running.

[0024] A traffic monitoring system comprises a cellular phone system that
communicates with a plurality of cellular phones and that generates vector and
location data for the plurality of cellular phones. A traffic monitoring module
communicates with the cellular phone system, generates traffic reports based on the
vector and location data from the plurality of cellular phones, and selectively enables
use of the vector and location data from at least one of the cellular phones when at
least one of: a speed of the at least one of the cellular phones is greater than a
predetermined speed; and the traffic monitoring module receives vector and location
data from a second one of the cellular phones and the second one of the cellular
phones is traveling in the same or an opposite direction as the first one of the
cellular phones and has a speed that is within a predetermined difference of a speed
of the first one of the cellular phones. In other features, the predetermined speed is
greater than a typical speed of one of a person walking or running.

[0025] In other features, the first one of the cellular phones includes a
global positioning system (GPS) that selectively generates vector and location data;
a transmitter; and a control module that receives the vector and location data and
that wirelessly transmits the vector and location data using the transmitter. The
control module selectively transmits the vector and location data when the cellular
phone is traveling on a first set of predetermined roads and does not transmit the
vector and location data when the cellular phone is traveling on a second set of

roads. The first one of the cellular phones includes a receiver that communicates
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with the control module and that wirelessly receives traffic reports from a remote
traffic monitoring system. The traffic reports include traffic speed information for
traffic traveling on at least one of the first set of predetermined roads. The cellular
phone system selectively transmits the vector and location data for the cellular
phones on a periodic basis. The cellular phone system monitors changes in
direction of the cellular phones and transmits the vector and location data for the
cellular phones when the cellular phones change direction greater than a direction
change threshold. The cellular phone system monitors changes in speed of the
cellular phones. The cellular phone transmits the vector and location data for the
cellular phones when the cellular phones change speed greater than a speed
change threshold.

[0026] A method for operating a traffic monitoring system comprises
providing a cellular phone system that communicates with a plurality of cellular
phones and that generates vector and location data for the plurality of cellular
phones; and generating traffic reports based on the vector and location data from
the plurality of cellular phones using a traffic monitoring module; selectively enabling
use of the vector and location data from at least one of the cellular phones when at
least one of: a speed of the at least one of the cellular phones is greater than a
predetermined speed; and the traffic monitoring module receives vector and location
data from a second one of the cellular phones and the second one of the cellular
phones is traveling in the same or an opposite direction as the first one of the
cellular phones and has a speed that is within a predetermined difference of a speed
of the first one of the cellular phones.

[0027] In other features, the predetermined speed is based on a speed of
one of a person walking or running. The first one of the cellular phones includes a
global positioning system (GPS) that selectively generates vector and location data:
a transmitter; and a control module that receives the vector and location data and
that wirelessly transmits the vector and location data using the transmitter. The
method includes selectively transmitting the vector and location data when the
cellular phone is traveling on a first set of predetermined roads; and not transmitting
the vector and location data when the cellular phone is traveling on a second set of
roads. The method includes wirelessly receiving traffic reports from a remote traffic
monitoring system at the first one of the cellular phones. The traffic reports include

traffic speed information for traffic traveling on at least one of the first set of
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predetermined roads. The cellular phone system selectively transmits the vector
and location data for the cellular phones on a periodic basis. The method includes
monitoring changes in direction of the cellular phones; and transmitting the vector
and location data for the cellular phones when the cellular phones change direction
greater than a direction change threshold. The method includes monitoring changes
in speed of the cellular phones. The method includes transmitting the vector and
location data for the cellular phones when the cellular phones change speed greater
than a speed change threshold.

[0028] A traffic monitoring system comprises a cellular phone system that
communicates with a plurality of cellular phones and that generates vector and
location data for the plurality of cellular phones. Traffic monitoring means, that
communicates with the cellular phone system, generates traffic reports based on the
vector and location data from the plurality of cellular phones, and selectively
enables use of the vector and location data from at least one of the cellular phones
when at least one of: a speed of the at least one of the cellular phones is greater
than a predetermined speed; and the traffic monitoring means receives vector and
location data from a second one of the cellular phones and the second one of the
cellular phones is traveling in the same or an opposite direction as the first one of
the cellular phones and has a speed that is within a predetermined difference of a
speed of the first one of the cellular phones.

[0029] In other features, the predetermined speed is greater than a
typical speed of one of a person walking or running. The first one of the cellular
phones includes a global positioning means for selectively generating vector and
location data; transmitting means for transmitting; and control means for receiving
the vector and location data and for wirelessly transmitting the vector and location
data using the transmitting means. The control means selectively transmits the
vector and location data when the cellular phone is traveling on a first set of
predetermined roads and does not transmit the vector and location data when the
cellular phone is traveling on a second set of roads. The first one of the cellular
phones includes receiving means for communicating with the control means and for
wirelessly receiving traffic reports from remote traffic monitoring means for remotely
monitoring traffic. The traffic reports include traffic speed information for traffic
traveling on at least one of the first set of predetermined roads. The cellular phone

system selectively transmits the vector and location data for the cellular phones on a
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periodic basis. The cellular phone system monitors changes in direction of the
cellular phones and transmits the vector and location data for the cellular phones
when the cellular phones change direction greater than a direction change
threshold. The cellular phone system monitors changes in speed of the cellular
phones. The cellular phone transmits the vector and location data for the cellular
phones when the cellular phones change speed greater than a speed change
threshold.

[0030] A traffic monitoring system comprises memory for storing map
data; a traffic report generating module that receives vector and location data from
at least one of cellular phones and vehicles and that generates and transmits traffic
reports based on the vector and location data; and an adaptive map building module
including: a path determining module that determines a travel path of the at least
one of the cellular phones and the vehicles based on the vector and location data; a
comparing module that compares the travel path to roads defined by the map data;
and an identifying module that selectively identifies new roads based on the
comparison.

[0031] In other features, a generating module generates new road data
when the new roads are identified. An updating module selectively transmits the
new road data to the at least one of the cellular phones and the vehicles. The path
identifying module determines a speed of the cellular phones on the travel path, the
comparing module compares the speed to first and second predetermined speeds
and the identifying module selectively identifies new walking paths based on the
comparison. The generating module generates new walking path data when the
new walking paths are identified. The updating module selectively transmits the
new walking path data to the at least one of the cellular phones and the vehicles.
The first predetermined speed is equal to a typical minimum walking speed and the
second predetermined speed is equal to a typical maximum walking speed.

[0032] In other features, the path identifying module determines a speed
of the cellular phones on the travel path, the comparing module compares the speed
to first and second predetermined speeds and the identifying module selectively
identifies new biking paths based on the comparison, wherein the first
predetermined speed is equal to a typical minimum biking speed and the second
predetermined speed is equal to a typical maximum biking speed. The generating
module generates new biking path data when the new biking paths are identified.

10
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The updating module selectively transmits the new biking paths to the at least one of
the cellular phones and the vehicles.

[0033] A traffic monitoring system comprises storing means for storing
map data; traffic report generating means for receiving vector and location data from
at least one of cellular phones and vehicles and for generating and transmitting
traffic reports based on the vector and location data; and adaptive map building
means for updating the map data including: path determining means for determining
a travel path of the at least one of the cellular phones and the vehicles based on the
vector and location data; comparing means for comparing the travel path to roads
defined by the map data; and identifying means for selectively identifying new roads
based on the comparison.

[0034] In other features, generating means generates new road data
when the new roads are identified. Updating means selectively transmits the new
road data to the at least one of the cellular phones and the vehicles. The path
identifying means determines a speed of the cellular phones on the travel path, the
comparing means compares the speed to first and second predetermined speeds
and the identifying means selectively identifies new walking paths based on the
comparison. The generating means generates new walking path data when the new
walking paths are identified. The updating means selectively transmits the new
walking path data to the at least one of the cellular phones and the vehicles. The
first predetermined speed is equal to a typical minimum walking speed and the
second predetermined speed is equal to a typical maximum walking speed.

[0035] In other features, the path identifying means determines a speed
of the cellular phones on the travel path, the comparing means compares the speed
to first and second predetermined speeds and the identifying means selectively
identifies new biking paths based on the comparison. The first predetermined speed
is equal to a typical minimum biking speed and the second predetermined speed is
equal to a typical maximum biking speed. The generating means generates new
biking path data when the new biking paths are identified. The updating means
selectively transmits the new biking paths to the at least one of the cellular phones
and the vehicles.

[0036] A method for providing a traffic monitoring system comprises
storing map data; receiving vector and location data from at least one of cellular

phones and vehicles and generating and transmitting traffic reports based on the
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vector and location data; determining a travel path of the at least one of the cellular
phones and the vehicles based on the vector and location data; comparing the travel
path to roads defined by the map data; and selectively identifying new roads based
on the comparison.

[0037] In other features, the method includes generating new road data
when the new roads are identified. The method includes selectively transmitting the
new road data to the at least one of the cellular phones and the vehicles. The
method includes determining a speed of the cellular phones on the travel path,
comparing the speed to first and second predetermined speeds and selectively
identifying new walking paths based on the comparison. The method includes
generating new walking path data when the new walking paths are identified. The
method includes selectively transmitting the new walking path data to the at least
one of the cellular phones and the vehicles. The first predetermined speed is equal
to a typical minimum walking speed and the second predetermined speed is equal
to a typical maximum walking speed.

[0038] In other features, the method includes determining a speed of the
cellular phones on the travel path; comparing the speed to first and second
predetermined speeds; and selectively identifying new biking paths based on the
comparison. The first predetermined speed is equal to a typical minimum biking
speed and the second predetermined speed is equal to a typical maximum biking
speed. The method includes generating new biking path data when the new biking
paths are identified. The method includes selectively transmitting the new biking
paths to the at least one of the cellular phones and the vehicles.

[0039] A computer program stored for use by a processor for providing a
traffic monitoring system comprises storing map data; receiving vector and location
data from at least one of cellular phones and vehicles and generating and
transmitting traffic reports based on the vector and location data; determining a
travel path of the at least one of the cellular phones and the vehicles based on the
vector and location data; comparing the travel path to roads defined by the map
data; and selectively identifying new roads based on the comparison.

[0040] In other features, the method includes generating new road data
when the new roads are identified. The method includes selectively transmitting the
new road data to the at least one of the cellular phones and the vehicles. The
method includes determining a speed of the cellular phones on the travel path,

12
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comparing the speed to first and second predetermined speeds and selectively
identifying new walking paths based on the comparison. The method includes
generating new walking path data when the new walking paths are identified. The
method includes selectively transmitting the new walking path data to the at least
one of the cellular phones and the vehicles. The first predetermined speed is equal
to a typical minimum walking speed and the second predetermined speed is equal
to a typical maximum walking speed.

[0041] In other features, the method includes determining a speed of the
cellular phones on the travel path; comparing the speed to first and second
predetermined speeds; and selectively identifying new biking paths based on the
comparison, wherein the first predetermined speed is equal to a typical minimum
biking speed and the second predetermined speed is equal to a typical maximum
biking speed. The method includes generating new biking path data when the new
biking paths are identified. The method includes selectively transmitting the new
biking paths to the at least one of the cellular phones and the venhicles.

[0042] A vehicle comprises memory for storing map data; a global
positioning system (GPS) module that transmits vector and location data and that
receives traffic reports from a remote traffic monitoring system; and an adaptive map
building module including: a path determining module that determines a travel path
of the vehicle based on the vector and location data; a comparing module that
compares the travel path to roads defined by the map data; and an identifying
module that selectively identifies new roads based on the comparison.

[0043] In other features, a generating module generates new road data
when the new roads are identified. An updating module selectively transmits the
new road data to the memory. An updating module selectively transmits the new
road data to the remote traffic monitoring system.

[0044] A cellular phone comprises memory for storing map data; a global
positioning system (GPS) module that transmits vector and location data and that
receives traffic reports from a remote traffic monitoring system; and an adaptive map
building module including: a path determining module that determines a travel path
of the cellular phone and based on the vector and location data; a comparing
module that compares the travel path to roads defined by the map data; and an
identifying module that selectively identifies new roads based on the comparison.

13



10

15

20

25

30

WO 2008/045407 PCT/US2007/021527

[0045] In other features, a generating module generates new road data
when the new roads are identified. An updating module selectively transmits the
new road data to at least one of the memory and the remote traffic monitoring
system. The path identifying module determines a speed of the cellular phone on
the travel path, the comparing module compares the speed to first and second
predetermined speeds and the identifying module selectively identifies new walking
paths based on the comparison. The generating module generates new walking
path data when the new walking paths are identified. The updating module
selectively transmits the new walking path data to at least one of the memory and
the remote traffic monitoring system. The first predetermined speed is equal to a
typical minimum walking speed and the second predetermined speed is equal to a
typical maximum walking speed.

[0046] In other features, the path identifying module determines a speed
of the cellular phone on the travel path, the comparing module compares the speed
to first and second predetermined speeds and the identifying module selectively
identifies new biking paths based on the comparison. The generating module
generates new biking path data when the new biking paths are identified. The
updating module selectively transmits the new biking paths to at least one of the
memory and the remote traffic monitoring system. The first predetermined speed is
equal to a typical minimum biking speed and the second predetermined speed is
equal to a typical maximum biking speed.

[0047] A vehicle comprises storing means for storing map data; global
positioning system (GPS) means for transmitting vector and location data and for
receiving traffic reports from a remote traffic monitoring system; and adaptive map
building means for updating the map data including: path determining means for
determining a travel path of the vehicle based on the vector and location data;

comparing means for comparing the travel path to roads defined
by the map data; and identifying means for selectively identifying new roads based
on the comparison.

[0048] In other features, generating means generates new road data
when the new roads are identified. Updating means selectively transmits the new
road data to the storing means. Updating means selectively transmits the new road
data to the remote traffic monitoring system.

14



10

15

20

25

30

WO 2008/045407 PCT/US2007/021527

[0049] A cellular phone comprises storing means for storing map data;
global positioning system (GPS) means for transmitting vector and location data and
for receiving traffic reports from a remote traffic monitoring system; and adaptive
map building means for updating the map data including: path determining means
for determining a travel path of the cellular phone based on the vector and location
data; comparing means for comparing the travel path to roads defined by the map
data; and identifying means for selectively identifying new roads based on the
comparison.

[0050] In other features, generating means generates new road data
when the new roads are identified. Updating means selectively transmits the new
road data to at least one of the storing means and the remote traffic monitoring
system. The path identifying means determines a speed of the cellular phone on
the travel path, the comparing means compares the speed to first and second
predetermined speeds and the identifying means selectively identifies new walking
paths baséd on the comparison. The generating means generates new walking
path data when the new walking paths are identified. The updating means
selectively transmits the new walking path data to at least one of the storing means
and the remote traffic monitoring system. The first predetermined speed is equal to
a typical minimum walking speed and the second predetermined speed is equal to a
typical maximum walking speed. The path identifying means determines a speed of
the cellular phone on the travel path, the comparing means compares the speed to
first and second predetermined speeds and the identifying means selectively
identifies new biking paths based on the comparison. The generating means
generates new biking path data when the new biking paths are identified. The
updating means selectively transmits the new biking paths to at least one of the
storing means and the remote traffic monitoring system. The first predetermined
speed is equal to a typical minimum biking speed and the second predetermined
speed is equal to a typical maximum biking speed.

[0051] A method for providing map data in a vehicle comprises storing
map data; transmitting vector and location data and receiving traffic reports from a
remote traffic monitoring system; determining a travel path of the vehicle based on
the vector and location data; comparing the travel path to roads defined by the map

data; and selectively identifying new roads based on the comparison.
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[0052] In other features, the method includes generating new road data
when the new roads are identified. The method includes selectively transmitting the
new road data to the memory. The method includes selectively transmitting the new
road data to the remote traffic monitoring system.

[0053] A method for providing map data in a cellular phone comprises
storing map data; transmitting vector and location data; receiving traffic reports from
a remote traffic monitoring system; determining a travel path of the cellular phone
and based on the vector and location data; comparing the travel path to roads
defined by the map data; and selectively identifying new roads based on the
comparison.

[0054] In other features, the method includes generating new road data
when the new roads are identified. The method includes selectively transmitting the
new road data to at least one of the memory and the remote traffic monitoring
system. The method includes determining a speed of the cellular phone on the
travel path, comparing the speed to first and second predetermined speeds and
selectively identifying new walking paths based on the comparison. The method
includes generating new walking path data when the new walking paths are
identified. The method includes selectively transmitting the new walking path data
to at least one of the memory and the remote traffic monitoring system. The first
predetermined speed is equal to a typical minimum walking speed and the second
predetermined speed is equal to a typical maximum walking speed.

[0055] In other features, the method includes determining a speed of the
cellular phone on the travel path, comparing the speed to first and second
predetermined speeds and selectively identifying new biking paths based on the
comparison. The method includes generating new biking path data when the new
biking paths are identified. The method includes selectively transmitting the new
biking paths to at least one of the memory and the remote traffic monitoring system.
The first predetermined speed is equal to a typical minimum biking speed and the
second predetermined speed is equal to a typical maximum biking speed.

[0056] A computer program stored for use by a processor for providing
map data in a vehicle comprises storing map data; transmitting vector and location
data and receiving traffic reports from a remote traffic monitoring system;

determining a travel path of the vehicle based on the vector and location data;
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comparing the travel path to roads defined by the map data; and selectively
identifying new roads based on the comparison.

[0057] In other features, the computer program includes generating new
road data when the new roads are identified. The computer program includes
selectively transmitting the new road data to the memory. The computer program
includes selectively transmitting the new road data to the remote traffic monitoring
system.

[0058] A computer program stored for use by a processor for providing
map data in a cellular phone comprises storing map data; transmitting vector and
location data; receiving traffic reports from a remote traffic monitoring system;
determining a travel path of the cellular phone and based on the vector and location
data; comparing the travel path to roads defined by the map data; and selectively
identifying new roads based on the comparison.

[0059] In other features, the computer program includes generating new
road data when the new roads are identified. The computer program includes
selectively transmitting the new road data to at least one of the memory and the
remote traffic monitoring system. The computer program includes determining a
speed of the cellular phone on the travel path, comparing the speed to first and
second predetermined speeds and selectively identifying new walking paths based
on the comparison. The computer program includes generating new walking path
data when the new walking paths are identified. The computer program includes
selectively transmitting the new walking path data to at least one of the memory and
the remote traffic monitoring system. The first predetermined speed is equal to a
typical minimum walking speed and the second predetermined speed is equal to a
typical maximum walking speed.

[0060] In other features, the computer program includes determining a
speed of the cellular phone on the travel path, comparing the speed to first and
second predetermined speeds and selectively identifying new biking paths based on
the comparison. The computer program includes generating new biking path data
when the new biking paths are identified. The computer program includes
selectively transmitting the new biking paths to at least one of the memory and the
remote traffic monitoring system. The first predetermined speed is equal to a typical
minimum biking speed and the second predetermined speed is equal to a typical
maximum biking speed.
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[0061] Further areas of applicability of the present invention will become
apparent from the detailed description provided hereinafter. It should be understood
that the detailed description and specific examples, while indicating the preferred
embodiment of the invention, are intended for purposes of illustration only and are
not intended to limit the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0062] The present invention will become more fully understood from the
detailed description and the accompanying drawings, wherein:

[0063] FIG. 1 illustrates an exemplary traffic monitoring system that
monitors vehicle traffic according to the present invention;

[0064] FIGs. 2A and 2B are functional block diagrams of exemplary
vehicles including a GPS, a transceiver, a control module and a display;

[0065] FIG. 3A is a functional block diagram of the exemplary vehicle of
FIG. 2A with a remote service assistance (RSA) system;

[0066] FIG. 3B is a functional block diagram of the exemplary vehicle of
FIG. 2A with an alternate RSA system;

[0067] FIG. 4 is a functional block diagram of portions of an exemplary
traffic monitoring system;

[0068] FIG. 5 is a flow chart illustrating exemplary steps performed by a
vehicle for transmitting data;

[0069] FIG. 6 is a flow chart illustrating first alternate exemplary steps
performed by a vehicle for transmitting data;

[0070] FIG. 7A is a flow chart illustrating exemplary steps performed by
the traffic monitoring system for transmitting parking-related data;

[0071] FIG. 7B is é flow chart illustrating alternate exemplary steps
performed by the traffic monitoring system for transmitting parking-related data;

[0072] FIG. 8 is a flow chart illustrating steps performed by the traffic
monitoring system for receiving and processing traffic and parking data;

[0073] FIG. 9 illustrates steps performed by the traffic monitoring system
for monitoring parking;

[0074] FIG. 10 illustrates steps performed by the traffic monitoring system
and the RSA system for identifying vehicles having operational problems;
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[0075] FIG. 11 illustrates an exemplary map display with average vehicle
speeds on roads, accidents, construction and/or other items;

[0076] FIG. 12 illustrates an exemplary display of available parking in the
vicinity of the vehicle;

[0077] FIG. 13A illustrates steps performed by the traffic monitoring
system to identify possible vehicle accidents;

[0078] FIG. 13B illustrates steps performed by the traffic monitor system
for updating traffic information based on lanes that vehicles are traveling in;

[0079] FIG. 14 illustrates steps performed by an exemplary traffic and/or
parking information subscriber system;

[0080] FIG. 15 illustrates steps performed by another exemplary traffic
and/or parking information subscriber system;

[0081] FIGs. 16A-16C are functional block diagrams of portions of an
exemplary traffic monitoring system that employs data from cellular phones;

[0082] FIG. 17 is a flow chart illustrating exemplary steps performed by a
cellular phone for transmitting data;

[0083] FIG. 18 is a flow chart iliustrating alternate exemplary steps
performed by a cellular phone for transmitting data;

[0084] FIG. 19 is a flowchart illustrating steps for selectively sending data
when the cellular phone is moving at a speed greater than a first threshold;

[0085] FIG. 20 is a flowchart illustrating steps for selectively using data
from cellular phones when more than one cellular phone are located within a
predetermined distance and are moving in the same or opposite direction and/or at
a similar speed;

[0086] FIG. 21 is a flowchart illustrating steps for selectively predicting
atypical events such as construction and/or accidents based on estimate expected
speed or traffic flow for a given set of conditions;

[0087] FIG. 22 is a flowchart illustrating steps for selectively predicting
future traffic flow based on prior traffic flow;

[0088] FIG. 23 is a flow chart illustrating steps performed by the traffic
monitoring system for receiving and processing traffic and parking data based on
data from cellular phones and vehicles;

[0089] FIG. 24A is a functional block diagram of an alternate traffic

monitoring module;
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[0090] FIG. 24B is a functional block diagram of a server;

[0091] FIG. 25A is a functional block diagram of a traffic monitoring
module including @ map monitoring module and a map updating module;

[0092] FIG. 25B is a functional block of an exemplary map monitoring
module for the traffic monitoring module;

[0093] FIG. 25C is a functional block diagram of a server including a map
monitoring module and a map updating module

[0094] FIG. 25D is a functional block of an exemplary map monitoring
module for the server;

[0095] FIG. 26 is an exemplary flowchart illustrating an exemplary
method performed by the map monitoring module of FIG. 25;

[0096] FIG. 27A and 27B are functional block diagrams of a cellular
phone including a user-based adaptive map building module;

[0097] FIG. 28 is a functional block diagram of a vehicle including a user-
based adaptive map building module;

[0098] FIG. 29 is an exemplary flowchart illustrating an exemplary
method performed by the adaptive map building modules;

[0099] FIG. 30 is an alternate exemplary flowchart illustrating steps
performed by the adaptive map building modules; and

[0100] FIG. 31 is an exemplary flowchart illustrating an exemplary
method for identifying a grade and/or a length of grade of a bike path.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0101] The following description of the preferred embodiment(s) is
merely exemplary in nature and is in no way intended to limit the invention, its
application, or uses. For purposes of clarity, the same reference numbers will be
used in the drawings to identify similar elements.

[0102] Referring now to FIG. 1, an exemplary traffic monitoring
system that monitors vehicle traffic according to the present invention is shown.
Venhicles 20-1, 20-2, ..., and 20-N (generally identified as vehicles 20) travel on a
road in a first direction generally identified at 22. Vehicles 24-1, 24-2, ..., and 24-M
(generally identified as vehicles 24) travel on the road in a second direction
generally identified at 32. For example, vehicles 20-5 and 20-6 are involved in an
accident, which slows the flow of traffic in the first direction 22. The accident does
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not slow traffic moving in the second direction 32. The traffic monitoring system
alerts motorists of the slow traffic on the road traveling in the first direction, as well
as information relating to traffic on other freeways, streets and other major
thoroughfares.

[0103] The traffic monitoring system may further alert motorists of
slow traffic in a specific lane of a road. For example, the accident involving the
vehicles 20-5 and 20-6 is located in a first lane 34. The accident does not prevent
travel in a second lane 36. The traffic monitoring system determines that the
accident is located in the first lane 34 and may direct motorists to travel in the
second lane 36 instead of the first lane 34 (i.e. direct motorists to change lanes to
avoid the accident).

[0104] According to the present invention, some of the vehicles 20
and 24 include global positioning systems (GPS) that include receivers that
triangulate vehicle position based on signals generated by GPS satellites. In
addition, the GPS may include an integrated transmitter and/or transceiver that
transmits vector and location data wirelessly to a traffic monitoring system 50, which
is located remotely from the vehicles 20 and 24. Alternately, a separate transmitter
and/or transceiver may be used in conjunction with a receiver-only GPS. The vector
data may include speed and direction data. The location data may include longitude
and latitude information or location information using another coordinate system.
For example, the location data may indicate whether the vehicle is traveling in the
first lane 34 or the second lane 36.

[0105] The traffic monitoring system 50 receives the vector and
location data, performs calculations on the data and transmits traffic and/or parking
information back to the vehicles 20 and 24 with GPS systems with integrated
transmitters and/or transceivers and/or GPS systems with separate transmitters
and/or transceivers as will be described further below. The GPS systems of the
vehicles provide visual and/or audible traffic information to allow drivers to avoid
traffic bottlenecks such as the accident and/or to find parking spots.

[0106] Referring now to FIGs. 2A, 2B, 3A and 3B, several exemplary
vehicle configurations are shown. While specific examples are shown, other
configurations may be used. In FIG. 2A, a vehicle 60 includes a GPS 62, a wireless
transceiver 64 and a display 66. A control module 65 that is integrated with the GPS

62 performs control functions relating to traffic and/or parking information systems.
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The GPS 62 triangulates position or location data of the vehicle 60 and calculates
vector data using GPS signals generated by GPS satellites. The vehicle 60
selectively transmits the vector and location data wirelessly via the transceiver 64 to
the remote traffic monitoring system 50. The transceiver 64 periodically receives
traffic data from the remote traffic monitoring system 50 as will be described further
below. The GPS systems 62 outputs traffic and other GPS-related information using
the display 66. In some implementations, the transceiver 64 may be integrated with
the GPS 62. As can be appreciated, the control module 65 may be separate from
the GPS 62 as shown at 62’ and 65’ in FIG. 2B.

[0107] In FIG. 3A, a vehicle 60’ that is similar to FIGs. 2A and 2B is
shown and further comprises a vehicle-based remote service assistance system 70,
which provides a connection to a main remote service assistance system and/or a
service assistant. For example, one suitable remote service assistance system 70
is OnStar®, although other remote service assistance systems may be utilized. In
FIG. 3A, the remote service assistance system 70 and the traffic monitoring system
50 share the common transceiver 64. In some implementations, the transceiver 64
may be integrated with the GPS 62 and/or the remote service system 70.

[0108] In FIG. 3B, a vehicle 60” that is similar to FIGs. 2A and 2B is
shown and further comprises an alternate remote service assistance system 70'. In
FIG. 3B, the remote service assistance system 70’ utilizes a transceiver 72 that is
separate from the transceiver 64 used by the GPS system 62. As can be
appreciated, any suitable wireless systems may be employed including cellular
systems, WiFi systems such as 802.11, 802.11a, 802.11b, 802.11g, 802.11n (which
are hereby incorporated by reference), and/or other future 802.11 standards, WiMax
systems such as 802.16 (which is hereby incorporated by reference) and/or any
other suitable type of wireless system that allows communication over sufficient
distances. In some implementations, one or both of the transceivers 64 and 72 are
integrated with the GPS 62 and/or remote service system 70'. As in FIGs. 2A and
2B, the control module may be integrated with or separate from the GPS and/or
other system components.

[0109] Referring now to FIG. 4, a functional block diagram of an
exemplary traffic and/or parking monitoring system is shown. The traffic monitoring
system includes a plurality of monitoring stations 100-1, 100-2, ..., and 100-X

(collectively monitoring stations 100) such as the traffic monitoring system 50 shown
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in FIG. 1. The parking information can be provided in addition to or separate from
the traffic information. The monitoring stations 100 include a transceiver 104. The
monitoring stations 100 receive vector and location data from the vehicles and
transmit traffic and/or parking information to the vehicles as will be described. To
that end, the monitoring stations 100 are connected to one or more databases 110
that store traffic and/or parking information. Traffic monitoring modules 112 analyze
the data that is stored in the databases 110.

[0110] While the present invention will be described in conjunction
with a distributed communications system 114, there are many other suitable ways
of interconnecting the monitoring stations 100. The monitoring station 100-1
includes a server 120-1 and a network interface (NI) 124-1. The NI 124-1 provides
a connection to the distributed communications system 114. In some
implementations, the distributed communications system 114 includes the Internet,
although any other type of network may be used. The databases 110 may also be
connected to the distributed communications system 114 by servers 130 via NI 132.
Other types of interconnection include dedicated phone lines, terrestrial links,
satellite links and/or other suitable links may be used. The main RSA system 133
may communicate with one or more of the servers 130 and/or may have all
independent links via the DCS 114. The system may use an inquiry response
technique and/or a push technique for providing parking and/or traffic information.

[0111] In addition to the foregoing, a plurality of smart parking meters
138-1, 138-2, ..., and 138-P (collectively smart parking meters 138) can be
provided. The smart parking meters 138 provide an indication when the parking
spot is filled or vacant. In some implementations, the smart parking meter 138 may
make this decision based on a meter status signal generated by an expired module
139. The expired module generates the meter status signal having a spot filled
state when the meter is running. The meter status signal has a spot vacant state
when the meter expires. In other words, when the meter is expired, the smart
parking meter can assume that the spot is vacant.

[0112] Alternately, the smart parking meter 138 may include a sensor
140 that senses whether a vehicle is located in a corresponding parking spot. In
some implementations, the sensor outputs a radio frequency signal in a direction
towards the parking space and generates the meter status signal depending on
reflected signals that are received. If the reflected signals are returned in a period
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less than a threshold and/or have an amplitude greater than a threshold, a vehicle is
in the spot. If not, the spot is vacant. In some implementations, the reflected
signals need to be less than the threshold for a predetermined period (to reduce
noise). In still other embodiments, a group of meters may include a common sensor
that senses the presence of one or more vehicles in one or more parking spots of
the group. In addition, a parking lot 142 may include a parking spot module 143 that
provides a collective signal that K parking spots are available in the entire parking lot
142. The smart parking meters 138 and smart parking lots 142 may be connected
to the traffic monitoring system in any suitable manner including network interfaces
(NI) 144, wireless transmitters 146 and/or in any other suitable manner. When
transmitting the information, wireless or wired connections may be used.

[0113] Referring now to FIG. 5, a flow chart illustrating exemplary
steps performed by systems associated with the vehicle are shown. In this
exemplary embodiment, the vehicle sends vehicle vector and location data on a
periodic basis. The data transmission may be selectively enabled while the vehicle
ignition is on, the vehicle ignition is on or off, the vehicle is moving and/or using
other criteria. Control begins with step 150. In step 152, the vehicle sends vector
and location data. In step 154, a timer is reset. In step 156, control determines
whether a timer is up. If false, control returns to step 156. If step 156 is true, control
returns to step 152. Control may be performed by the GPS system 62 or using any
other control module in the vehicle. Alternately and/or in addition to the foregoing,
the traffic monitoring system may periodically query the vehicle remotely for vector
and/or location data. The vehicle responds to the query by sending the vector
and/or location data.

[0114] Referring now to FIG. 6, a flow chart illustrating exemplary
steps performed by systems associated with the vehicle are shown. Control begins
with step 160. In step 162, control determines whether the vehicle is located on a
major thoroughfare. For example, major thoroughfares may be defined to include
freeways, highways and major streets. Major thoroughfares may exclude smaller
streets, residential areas and low traffic streets to reduce the amount of data being
sent. Since traffic is low on these types of roads, traffic information is not needed. If
step 162 is false, control returns to step 162. If step 162 is true, control resets a
timer in step 164. In step 166, control determines whether a timer is up. If not,

control continues with step 168 and determines whether the vehicle has a direction
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change that is greater than a first threshold. If not, control continues with step 170
and determines whether the vehicle has incurred a speed change that is greater
than a second threshold. Steps 166, 168 and 170 also tend to limit data being
transmitted by the vehicle to the traffic monitoring system. One or more of these
steps may be performed.

[0115] Referring now to FIG. 7A, a flow chart illustrating exemplary
steps performed by the traffic monitoring system is shown. Control begins with step
180. In step 182, control determines whether the vehicle ignition transitions from on
to off. If true, control determines whether the vehicle is located in a public parking
area in step 184. This step may be performed by the vehicle alone and/or by the
vehicle transmitting location information to the traffic monitoring system and
receiving a response indicating whether the location is a parking spot in a public
parking area. If step 184 is true, the vehicle sends a park indicator and location data
in step 186. Control continues from step 186 to step 182. If step 184 is false, control
returns to step 182. Therefore, the traffic monitoring system receives data related to
parked vehicles.

[0116] If step 182 is false, control continues with step 190 and control
determines whether the vehicle ignition transitions from off to on and the vehicle is
moved. When the ignition turns on, it is likely that the vehicle may exit the parking
space. If step 190 is true, control sends vehicle vector and location data to the
traffic monitoring system in step 192 and control returns to step 182. If step 190 is
false, control also continues with step 182. The traffic monitoring system uses the
vehicle parking and vehicle leaving data to provide parking information to other
vehicles.

[0117] Referring now to FIG. 7B, a flow chart illustrating alternate
exemplary steps performed by the traffic monitoring system are shown. Control
begins with step 200. In step 202, control determines whether the vehicle ignition
transitions from on to off. If step 202 is true, control sends vehicle park indicator and
location data in step 204 and as described above. If step 202 is false, control
continues with step 206. In step 206, control determines whether the vehicle ignition
transitions from off to on and the vehicle is moved. |If true, control sends vehicle
vector and location data. If step 206 is false, control returns to step 202.

[0118] Referring now to FIG. 8, a flow chart illustrating data collection

and analysis steps performed by the traffic monitoring system are shown. Control
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begins with step 220. In step 224, control receives data from the vehicles. In step
228, control estimates average speeds on selected portions of thoroughfares based
on data from one or more vehicles. For example, the traffic monitoring system may
estimate average speeds for predetermined distances or increments, and/or for
specific lanes. The traffic monitoring system may also compare average speeds of
different lanes. The increments may vary based on road type, conditions or
calculated speeds. For example, as the difference between the average speeds
and the posted speeds differ, the predetermined increment may be reduced in
length.

[0119] Traffic information is transmitted to the vehicles based upon
calculations made on the collected vehicle data. The traffic information may be
pushed to the vehicles and/or an inquiry/response technique may be used in step
230. Control ends in step 232. In addition to traffic information, parking data may
also be transmitted to the vehicles using a push technique and/or an
inquiry/response technique.

[0120] The traffic monitoring system may perform the analysis steps
based in part on a sample size of data collected from the vehicles. The traffic
monitoring system generates a confidence level that is associated with the traffic
information that is transmitted to the vehicles based on the sample size. For
example, the traffic monitoring system may only receive data from a single vehicle
or a number of vehicles below a threshold in a particular area. When data from the
single vehicle indicates that the vehicle is traveling at a speed above a certain
threshold, the traffic monitoring system can presume that other vehicles in the
vicinity are traveling at similar speeds and generate a high confidence level.

[0121] Conversely, the data from the single vehicle may indicate that
the vehicle is not moving or traveling below the threshold. The slow traveling speed
may not necessarily indicate that the other vehicles in the vicinity are traveling at
similar speeds. For example, the single vehicle may be stopped or slowed because
of vehicle problems. When only a single vehicle or a low number of vehicles are
stopped or traveling at a low speed, the traffic monitoring system generates a low
confidence level to associate with the traffic information. The traffic monitoring
system may flag the single vehicle to consider the prior data in subsequent
confidence analyses.
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[0122] Referring now to FIG. 9, steps performed by the traffic
monitoring system for monitoring parking are illustrated. Control begins with step
250. In step 252, control determines whether a vehicle is stopped in a public
parking spot. The decision may be based on vector and location data samples
and/or based on a parking indicator and location data. The determination that the
parking spot is a public spot is based on the location data. If true, control indicates
that the corresponding public parking spot is filled in step 254.

[0123] Control continues from steps 252 and 254 with step 256. In
step 256, control determines whether a vehicle transitions from parking to moving. If
step 256 is true, control starts a timer in step 258. In step 260, control indicates that
a vehicle is leaving a public parking space. The timer is used to limit the amount of
time that the parking space is identified as “vehicle leaving”. Control continues from
steps 256 and 260 with step 262. In step 262, control determines whether a timer
for a vehicle is up. If step 262 is true, control changes a status of the parking space
to unknown in step 264. Control continues from steps 262 and 264 with step 252.

[0124] Referring now to FIG. 10, steps performed by the traffic
monitoring system for identifying vehicles having operational problems are shown.
Control begins with step 280. In step 282, control receives data from vehicles. In
step 284 and 286, for each of the vehicles, control determines an average speed on
a thoroughfare portion and lane that the vehicle is traveling on. In step 288, control
determines whether the speed of each vehicle is less than a first speed threshold
and the average speed on a thoroughfare is greater than a second speed threshold.

[0125] For example, if the average speed on a thoroughfare is 50 mph
and the speed of the vehicle is less than 5 mph, the vehicle may be having
operational problems and/or may have been involved in an accident and require
assistance. Frequent speed changes and/or lane changes (e.g., lane changes
greater than a lane change frequency threshold) may indicate other operational
problems such as driver impairment. [f step 288 is true, control triggers an inquiry
via the remote service assistance system in step 290. For example, the traffic
monitoring system notifies the main remote service assistance system to have a
service assistant contact the driver of the vehicle. The service assistant can
determine whether or not there is a problem such as an accident or other
operational problem and contact emergency personnel, roadside assistance and/or

other assistance as needed. For example, the service assistant may notify the
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emergency personnel of a location of the vehicle, including the thoroughfare portion
and the lane that the vehicle is traveling in. Control continues from step 288 and
290 with step 294. In step 294, control determines whether there are additional
vehicles to evaluate. If step 294 is true, control returns to step 284. If step 294 is
false, control returns to step 282.

[0126] Referring now to FIG. 11, a display illustrating vehicle speeds
on thoroughfares 298-1, 298-2, ... and 298-Z is shown. The display 66 associated
with the GPS system at 62 is shown. Visual elements generally identified by 300-1,
300-2, ..., and 300-Y are provided on the map. The visual elements indicate
bottlenecks and/or other traffic on the main thoroughfares. Any suitable visual
indication may be used to identify problems. For example, color, cross-hatching,
shading, shapes, blinking and/or other techniques may be used to identify high
traffic zones, low speed zones, construction zone, and/or accident zones. For
example, visual element 300-3 may be rendered in red and flashing to signify an
accident. Speeds on the thoroughfare also provide an indication of a problem (e.g.
the speeds decrease as the distance to the accident 300-3 decreases).

[0127] Referring now to FIG. 12, an exemplary display of available
parking in the vicinity of the vehicle is shown. Based on information collected, the
display of the GPS 62 can be used to identify available parking spaces 340-1, 340-
2, ..., and 340-G in a selected area. The traffic monitoring system may provide filled
(F), leaving (L), open (O) and/or unknown (U) status data for parking spaces in a
selected area. These indicators may be designated using any suitable visual
indication.

[0128] The filled indicator is used when a vehicle with the GPS
system parks in the spot and the traffic monitoring system does not receive data
indicating that the vehicle has moved. The unknown indicator is used when there is
no information concerning the space and/or after a predetermined amount of time
after a vehicle with a GPS system leaves a parking spot. A leaving indicator is used
within a predetermined time after a vehicle with a GPS system leaves a parking
spot. The leaving indicator may also be triggered when a vehicle with a GPS
system starts its engine after a dwell period. The open status is used when the
space is open. In some implementations, the status is provided by smart parking
meters 138. Spaces in smart parking lots 142 may also be shown at 342.
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[0129] Referring now to FIG. 13A, steps for identifying accidents are
shown. Control begins in step 300. In step 302, the traffic monitoring system
receives data from vehicles. In step 304, the traffic monitoring system compares
locations of the vehicles at the same time. Based on the location and time, the
traffic monitoring system can determine whether an accident may have occurred. |f
the vehicles have substantially the same location at the same time, the traffic
monitoring system may query the users to determine whether an accident has
occurred in step 308. In other words, if two vehicles provide their location at a
particular time and the locations conflict, the traffic monitoring system may assume
that there is a possibility that an accident occurred and take action via the remote
service assistance system. The traffic monitoring system can also determine which
lane the accident occurred in and which lanes the accident is blocking.

[0130] Referring now to FIG. 13B, steps for updating traffic
information based on lanes that vehicles are traveling in are shown. Control begins
in step 310. In step 312, the traffic monitoring system receives data from vehicles.
In step 314, the traffic monitoring system determines lane-specific traffic information
based on the data. For example, the traffic monitoring system determines which
lanes of a particular thoroughfare that vehicles are traveling in based on the data.
The traffic monitoring system can determine average speeds of vehicles and
accident locations in specific lanes. The traffic monitoring system can further
determine lane changes and lane change frequency based on the data. For
example, when an accident is located in a first lane, the data may indicate that a
plurality -of vehicles are changing from the first lane to a second or third lane. The
data may also indicate that vehicles are changing lanes to avoid a non-vehicle
obstruction in a lane, such as a pothole or vehicle debris.

[0131] n step 316, the traffic monitoring system notifies vehicles of
the traffic information and/or the vehicle requests the traffic information using an
inquiry/response technique. In addition to the traffic information, the traffic
monitoring system may transmit suggested lane changes to the vehicle to avoid
accidents and/or lane obstructions. Control ends in step 318.

[0132] Referring now to FIG. 14, a subscriber service according to the
present invention is shown. Control begins in step 320. In step 324, fees are
charged for subscription services. The fees can be based on the level of service

that is requested. In step 328, data is collected from at least one of subscribing and
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non-subscribing vehicles and/or from smart parking meters and/or lots. In some
implementations, data from other subscriber systems may be used. In step 332,
data is analyzed and traffic, parking and other information is generated. In step 334,
selected traffic, parking and/or other information is sent to subscribers based on
subscribed services of the user. For example, some users may pay a subscription
fee to receive traffic information but not parking information. Other subscribers may
receive either parking information only or traffic and parking information. The
subscriber levels may also be differentiated based on geography, time of day and/or
using other criteria. Control ends in step 338.

[0133] Referring now to FIG. 15, another exemplary subscriber
service according to the present invention is shown. Control begins in step 340. In
step 342, data is collected from at least one of subscribing and non-subscribing
vehicles and/or from smart parking meters and/or lots. In step 344, data that is
collected is analyzed and traffic, parking and other information is updated. In step
346, control determines whether a request for information is received. Alternately,
the information can be pushed to the user based on the subscription of the user. |If
step 346 is false, control returns to step 342. If step 346 is true, control determines
whether the user has a subscription for the requested information. If false, control
prompts the user to obtain a subscription. The subscriptions can be on a periodic
basis, a pay-per-use basis or on any other basis. If step 348 is true, the requested
information is sent to the subscriber. As can be appreciated, encryption and/or
other techniques may be used to prevent fraudulent access to the traffic and/or
parking information.

[0134] Referring now to FIGs. 16A-16C, exemplary traffic monitoring
systems 400 that employ vector and location data from cellular phones 410 in
addition to and/or instead of vector and location data from vehicles is shown. The
location of the cellular phones 410 may be determined based on triangulation
calculations and/or based on global positioning systems (GPS) that are integrated
with the cellular phones.

[0135] In FIGs. 16A-16C, reference numbers from FIG. 4 are used to
identify similar elements. The cellular phones 410 communicate with cellular
stations 412. The cellular stations 412, in turn, communicate with a mobile
telephone switching office (MTSO) 414. The MTSO 414 communicates with a
central office 416. The central office 416 may communicate via a network interface
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418 and the distributed communications system (DCS) 114 with the traffic
monitoring module 112.

[0136] The network interface 418 may include any suitable connection to
the network interface 132 associated with the traffic monitoring module 112. For
example, the network interface 418 may include a server and broadband modem, a
dedicated communication link such as a T1 line, and/or any other suitable link.

[0137] The cellular phone 410 includes a phone control module 460, a
power supply 462, memory 464, a storage device 466, and a cellular network
interface 467. The cellular phone 410 may include a WLAN interface 468 and
associated antenna 469, a microphone 470, an audio output 472 such as a speaker
and/or output jack, a display 474, and a user input device 476 such as a keypad
and/or pointing device.

[0138] The phone control module 460 may receive input signals from the
cellular network interface 467, the WLAN interface 468, the microphone 470, and/or
the user input device 476. The phone control module 460 may process signals,
including encoding, decoding, filtering, and/or formatting, and generate output
signals. The output signals may be communicated to one or more of memory 464,
the storage device 466, the cellular network interface 467, the WLAN interface 468,
and the audio output 472.

[0139] Memory 464 may include random access memory (RAM) and/or
nonvolatile memory such as flash memory, phase change memory, or multi-state
memory, in which each memory cell has more than two states. The storage device
466 may include an optical storage drive, such as a DVD drive, and/or a hard disk
drive (HDD). The power supply 462 provides power to the components of the
cellular phone 410.

[0140] In FIG. 16A, the cell phone 410 includes a GPS module 477,
which may include a vector and location module 478 that generates vector and
location data in a manner similar to that described above with respect to the vehicle
systems. The GPS module 477 may further include a storage device 479 that
includes road identification data that identifies roads, stores maps and/or classifies
roads in @ manner similar to that described above with respect to the vehicle
systems.

[0141] When the cell phone 410 is on, the GPS module 477
selectively generates vector and location data and transmits the data to the central
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office 416 via the cellular station 412 and the MTSO 414. The GPS module 477
may selectively send the véctor and location data when the cellular phone 410 is
traveling at a speed above a first speed threshold. Alternatively, the GPS module
477 may send the vector and location data periodically, on an event basis and/or
using any other criteria. The first speed threshold may be set equal to a value that
is greater than a typical speed of a person walking or running.

[0142] For example only, the threshold may be set equal to approximately
4 or 5 miles per hour to eliminate people walking with their cell phones. Additional
higher thresholds such as 10-15 miles per hour can be used instead of or in addition
to the lower threshold. If multiple thresholds are employed, the speed may be
assigned a measure of certainty. In other words, when the cellular phone is moving
at 9 miles per hour, it is fairly certain that the cellular phone is not being carried by a
person walking. However, it may be carried by a person running. A higher threshold
such as 15 miles per hour may be used to eliminate people who are running. Other
thresholds may be used. Furthermore, the accuracy of GPS may be sufficient to
differentiate between a cellular phone moving on the road as compared to a cellular
phone moving on an adjacent sidewalk.

[0143] The GPS module 477 may also use the road identification
information in the storage device 479 to selectively determine whether or not the
vehicle (transporting the person with the cellular phone 410) is traveling on first type
of road rather than a secondary road that is not being monitored. The GPS module
477 may also be used to selectively determine whether or not a speed of the cellular
phone 410 is greater than the first speed threshold.

[0144] In FIG. 16B, the cellular phone 410 may include a more basic GPS
module 477’. In this implementation, the GPS module 477’ sends the location of the
cellular phone 410 without checking the road identification information, comparing
the traveling speed of the cellular phone to a threshold, and/or checking whether the
cellular phone is traveling along a first type of road. The GPS module 477’ may
send the data periodically, on an event basis and/or using any other criteria. The
GPS module 477' may send location data and not vector data.

[0145] The MTSO 414, the central office 416 and/or other component
associated with the cellular system may include a cellular phone tracking module
480 that checks the road identification information, compares the traveling speed of

the cellular phone to a threshold, and/or checks whether the cellular phone is
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traveling along a first type of road. The cellular phone tracking module 480 may
also calculate speed. The cellular phone tracking module 480 may selectively send
the vector and location data based on criteria set forth herein. Alternately, the
cellular phone tracking module 480 can be associated with the traffic monitoring
module 112 and the location data can be sent from the cellular phone 410 to the
traffic monitoring module 112 for processing.

[0146] In FIG. 16C, the cellular phone 410 does not include a GPS
module. Rather, multiple cell stations 412-1, 412-2, ... and 412-W may use
triangulation methods and/or signal strength methods to identify and track
movement of the cellular phone 410. The cellular phone tracking module 480 may
be associated with the MTSO 414 and/or the central office 416. The cellular phone
tracking module 480 generates vector and location data for the cellular phone 410
based on the triangulated location data. The cellular phone tracking module 480
may also check the road identification information, compare the traveling speed of
the cellular phone 410 to a threshold, and/or check whether the cellular phone 410
is traveling along a first type of road. Alternately, the cellular phone tracking module
480 can be associated with the traffic monitoring module 112 and the location data
can be sent from the cellular phone 410 to the traffic monitoring module 112 for
processing.

[0147] Referring now to FIG. 17, exemplary steps performed by a cellular
phone 410 for transmitting data are shown. In this exemplary embodiment, the
cellular phone 410 sends cellular phone vector and location data on a periodic
basis. The data transmission may be selectively enabled while the cellular phone
410 is on and/or when the cellular phone 410 is on and moving at a speed greater
than a threshold, on certain types of roads, and/or using other criteria. Control
begins with step 550. In step 552, the cellular phone 410 sends vector and location
data. In step 554, a timer is reset. In step 556, control determines whether a timer
is up. If false, control returns to step 556. If step 556 is true, control returns to step
552. Control may be performed by the GPS module 477 or using any other control
module in the cellular phone 410. Alternately and/or in addition to the foregoing, the
traffic monitoring system 112 may periodically query the cellular phone 410 remotely
for vector and/or location data. The cellular phone 410 may respond to the query by
sending the vector and/or location data. The traffic monitoring system 400 may vary
the time between queries as needed to increase or decrease granularity.
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[0148] Referring now to FIG. 18, alternate exemplary steps performed by
the cellular phone 410 for transmitting data are shown. Control begins with step
560. In step 562, control determines whether the cellular phone 410 is located on a
first type of road. For example, the first type of road may include major
thoroughfares that may be defined to include freeways, highways and major streets.
The first type of road may exclude smaller streets, residential areas and low traffic
streets to reduce the amount of data being sent. Since traffic is low on these types
of roads, traffic information may not be needed.

[0149] If step 562 is false, control returns to step 562. If step 562 is true,
control resets a timer in step 564. In step 566, control determines whether a timer is
up. If not, control continues with step 568 and determines whether the cellular
phone 410 has a direction change that is greater than a first threshold. If not,
control continues with step 570 and determines whether the cellular phone 410 has
incurred a speed change that is greater than a second threshold. Steps 566, 568
and 570 also tend to limit data that is being transmitted by the cellular phone 410 to
the traffic monitoring syste'm 400. One or more of these steps may be performed.

[0150] Referring now to FIG. 19, exemplary steps for selectively sending
data when the cellular phone 410 is moving at a speed greater than a first threshold
are shown. These steps may be performed in addition to and/or instead of other
steps described herein. These steps may be performed by the cellular phone 410,
the cellular phone tracking module 480, and/or the traffic monitoring system 400
(which may discard the data when the speed is lower than the threshold). Control
begins with step 600. In step 602, control determines whether the cellular phone
410 is moving at a speed that is greater than a first speed threshold. If not, the
vector and location data is not sent to the traffic monitoring system 400 and/or is not
used by the traffic monitoring system 112 in step 604. If step 602 is true, the vector
and location data is sent and/or used by the traffic monitoring system 400 in step
606.

[0151] Referring now to FIG. 20, exemplary steps for selectively using
data from cellular phones when more than one cellular phone is moving in the same
or opposite direction and/or at a similar speed are shown. These steps may be
performed in addition to and/or instead of other data validation steps described
herein. Control begins with step 620. In step 624, control determines whether data

has been received from a cellular phone. If not, control returns to step 624.
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Otherwise, control continues with step 626 and determines whether other cellular
phones are moving in the same or opposite direction as the cellular phone 410. If
not, control continues with step 632 and the data from the cellular phone 410 is not
used and/or the weight given to the data is decreased as compared to when step
626 is true. If step 626 is true, the data from the cellular phone 410 may be used in
step 630 and/or the weight given to the data is increased as compared to when step
626 is false. In addition, when the cellular phones are traveling in the same or
opposite directions at similar speeds, the traffic monitoring system 400 can also
determine whether or not they are traveling on a road and/or are located within a
predetermined distance from each other as a further verification.

[0152] Referring now to FIG. 21, exemplary steps for selectively
predicting atypical events such as construction and/or accidents based on estimate
expected speed or traffic flow for a given set of conditions are shown. Control
begins in step 640. In step 644, the expected speed and/or traffic level for a road is
estimated for current and/or future periods in step 644. The estimated expected
speed may be specific to the day of the week, the time of the year, the time of the
day, weather, holidays, etc.

[0153] In step 648, received data from at least one vehicle and/or cellular
phone is compared to the estimated expected speed and/or traffic levels. Based on
the comparison, problems such as accidents, construction and/or other atypical
events may be tentatively identified in step 652. For example, if the average
expected speed for the road on a particular day of the week and time of the day is
55 mph and the speed of the cellular phone is 10 mph, it may be reasonable to
assume that there may be a problem.

[0154] In step 654, one or more vehicles may be queried to determine
whether an accident or other atypical event has occurred. The query may be
performed using the remote service assistance system and/or the cellular system.
For example the cellular system may be used to call the cellular phone and inquire
as to the traffic conditions. Text messaging may be used. In other words, a text
message may be sent to the user and may provide a list of possible problems for
selection such as accident, construction, slow traffic, etc. The user may indicate
that an accident (or other problem) has occurred, which can be relayed to other
subscribers.
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[0155] Referring now to FIG. 22, exemplary steps for selectively
predicting future traffic flow based on prior traffic flow are shown. Control begins
with step 660. In step 662, cumulative expected traffic flow for a road is estimated
during a first period based on historical data. The traffic flow may be an estimate of
the number of cars traveling along a road in a one direction during a morning or
evening rush hour for a given day of the week and time of the year. For example
only, the first period may be from 6 am to 10 am on Monday. During the first period,
the number of vehicles traveling south on a certain road may average 145,000
vehicles. The estimated traffic flow may be based on samples received in the past
and/or based on statistical analysis. In other words, not all of the vehicles may be
monitored and/or include a cellular phone that is sending vector and/or location data
and sampling analysis may be performed to estimate the total number of vehicles.

[0156] In step 664, cumulative traffic flow for a second period is
estimated. The second period may occur during the first period and may be less
than the first period. For example only, the second period may be from 6am to
7:30am and 80,000 vehicles may have traveled during that period. In step 668, the
monitored cumulative traffic flow is compared to the estimated cumulative traffic
flow. In the example, typically an average of 40,000 vehicles may travel during the
second period. Therefore, traffic flowing during the remaining part of the first period
may be lighter than usual since more traffic than normal occurred during the second
period.

[0157] In step 670, the remaining traffic flow during a third-period may be
estimated based on the comparison. In the example, the third period may be
estimated traffic flow for the remaining period of the rush hour from 7:30am to 10am.
Traffic during the third period may tend to be lower than average due to the higher
number of vehicles traveling during the second period and the estimated total
number of vehicles during the first period. Therefore, the traffic monitoring system
may indicate to subscribers that lower than normal traffic levels are anticipated
during the third period.

[0158] Referring now to FIG. 23, exemplary steps performed by the traffic
monitoring system for receiving and processing traffic data based on data from
cellular phones are shown. These steps can be performed in addition to other data
collection from vehicles and/or other sources.
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[0159] Control begins with step 720. In step 724, control receives data
from the cellular phones. In step 728, control estimates average speeds on selected
portions of thoroughfares based on data from one or more cellular phones. For
example, the traffic monitoring system 400 may estimate average speeds for
predetermined distances or increments, and/or for specific lanes. The traffic
monitoring system 400 may also compare average speeds of different lanes. The
increments may vary based on road type, conditions or calculated speeds. For
example, as the difference between the average speeds and the pdsted speeds
differ, the predetermined increment may be reduced in length.

[0160] Traffic information may be transmitted to the subscribers based
upon calculations made on the collected cellular phone and/or vehicle data. The
traffic information may be pushed to the subscribers and/or an inquiry/response
technique may be used in step 730. Control ends in step 732. In addition to traffic
information, parking data may also be transmitted to the subscribers using a push
technique and/or an inquiry/response technique.

[0161] Referring now to FIG. 24A, an alternate traffic monitoring module
112 is shown to include a historical-based traffic estimating module 804, a current
traffic monitoring module 808 and a traffic predicting module 812. The historical-
based traffic estimating module 804 reviews historical data and develops estimates
for a given time of day, day of week, time of year, holidays, and/or any other qriteria.
For example only, the historical-based traffic estimating module 804 may develop an
average prior traffic level for a rush hour period from 4pm to 7pm for a road on a
particular day and time of year. In this example, the average traffic level during the
period may be equal to 100,000 vehicles.

[0162] The current traffic monitoring module 808 may monitor and/or
estimate traffic levels during part of a rush hour period. The traffic predicting module
812 may predict remaining traffic levels during the period based on the estimate and
the traffic level during part of the rush hour period. For example only, during the
time from 4pm to 5:30pm, approximately 40,000 vehicles may have traveled as
compared to an average of 60,000 on average during this time. Therefore, the
traffic predicting module 812 may predict a higher than average traffic level for the
remaining part of the period.

[0163] The present disclosure also compares travel paths defined by

vector and location data over time to known map data to determine whether new
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roads have been created. Based on a speed of the celiular phone, new
walking/hiking paths and/or biking paths may also be identified.

[0164] The identification of the new roads, walking/hiking paths and/or
biking paths can be performed locally at the cellular phone or vehicle and used to
locally update the map data of the same cellular phone or vehicle. The new roads,
walking/hiking paths and/or biking paths can be identified at the cellular phone or
vehicle and sent to the remote traffic monitoring system to allow selective updating
of map data of other cellular phones. The new roads, walking/hiking paths and/or
biking paths may also be identified at a central remote traffic monitoring system and
sent to the vehicles and cellular phones as map data updates or at one or more
distributed servers.

[0165] When the cellular phone or vehicle begins traveling on a path that
does not align with a known road, the generation and/or transmission of vector and
location data may be increased as compared to updates that occur when the cellular
phone or vehicle is traveling over known roads. As a result, more detail relating to
the new travel path may be obtained.

[0166] Referring now to FIG. 24B-24D, the traffic monitoring module 112
shown in FIG. 24A can be implemented using a plurality of servers 813 that
distribute the processing load and communicate on a peer-to-peer level. In other
words, each of the servers 813 may perform processing for a particular geographic
region and/or group of vehicles and/or cellular phones. As can be seen in FIGs.
24C and 24D, the servers 813 may exchange traffic information with a centralized
traffic monitoring system, which can relay traffic information between the remote
servers. Alternately the servers 813 may communicate on a peer-to-peer level and
exchange traffic information with each other.

[0167] In FIG. 24C, servers 813-1, 813-2, ... and 813-S (collectively
servers 813) communicate with distributed communications system (DCS) 814 with
the traffic monitoring module 112. For example only, the DCS 814 may include the
Internet, an Intranet, a wide area network, a local area network or other
communication system. In FIG. 24D, the servers 813 communicate directly with
each other via the DCS 814. The servers 813 and/or the traffic monitoring system
may receive data from the vehicles and/or cellular phones using any suitable
medium.
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[0168] Referring now to FIG. 25A, a traffic monitoring module 847
includes an adaptive map building module 848. The term remote is used in this
context to refer to the remote location of the traffic monitoring module 847 relative to
the data collecting devices such as the vehicles and cellular phones. The adaptive
map building module 848 monitors travel paths of cellular phones and vehicles and
determines whether new roads and/or hiking/bike paths should be created and
added to the stored maps. The adaptive map building module 848 also determines
whether and when new map updates should be sent. The adaptive map building
module 848 also selects the subscribers that should receive the updated maps.

[0169] The adaptive map building module 848 may include a map
monitoring module 850 and a map updating module 854. The map monitoring
module 850 compares travel paths defined by vector and location data (received
from one or more cellular phones and vehicles over time) to known or previously
defined roads stored as map data. The vehicles or cellular phones may be traveling
along a travel path that does not coincide with one of the known and stored roads,
or biking/walking/hiking paths. If one or more vehicles and/or cellular phones travel
along the same path, the map monitoring module 850 may assume that a new road
or path has been built. The map updating module 854 may selectively update the
map data of selected ones of the subscribers based on the new roads or paths that
are identified.

[0170] The map monitoring module 850 may require certain conditions to
be met before declaring a new travel path to be a new road. For example, the map
monitoring module 850 may require traffic flow at a predetermined level, matching of
paths of multiple subscribers within a predetermined variance, traffic flow over a
predetermined time, predetermined speeds or average speeds on the path, and/or
any other suitable criteria. Statistical analysis may also be used. The map
monitoring module 850 may also require the path to start and end at other known
roads.

[0171]  The map monitoring module 850 may compare vector and location
data generated by vector and location modules of one or more vehicles and/or
cellular phones with map data previously stored in the database 110. When the
vehicles and/or cellular phones are traveling along a path that does not align with
roads in the map data, the map monitoring module 850 may determine whether

sufficient criteria has been met to create a new road.
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[0172] The criteria may include the number of times (or cellular phones or
vehicles) traveling along the path with a predetermined time period, the speed of
travel, and/or other criteria described above. The map updating module 854 may
selectively update the local map data of one or more of the vehicles and/or cellular
phones that generated the data (alternately, the map data of other vehicles and/or
cellular phones can also be updated) when a new road or hiking/biking path has
been identified. Additionally, the map monitoring module 850 and map updating
module 854 may identify walking/hiking paths and biking paths based on a travel
speed and/or other information as will be described below. The map monitoring
module 850 and the map updating module 854 may be combined into a single
module.

[0173] Referring now to FIG. 25B, the map monitoring module 850 is
shown to include a path determining module 864, a comparing module 866 and an
identifying module 868. The path determining module 864 determines a travel path
of the cellular phone based on the vector and location data. The comparing module
866 compares the travel path to roads defined by the map data. The identifying
module 868 selectively identifies new roads based on the comparison as described
herein.

[0174] Referring now to FIG. 25C, some of the adaptive map building
may be performed by one or more servers 869 that may be remote from a central
traffic monitoring module and the cellular phones and vehicles described herein.
The term remote is used in this context to refer to the remote location of the server
relative to the traffic monitoring module and the data collecting devices such as the
vehicles and cellular phones. The servers 869 may perform processing of data from
a predetermined geography or data source, monitor the vector and location data
relative to the map data, selectively add new roads or biking/hiking paths, update
the associated cellular phones and vehicles, and/or send updated map data to a
remote traffic monitoring module. The server 869 may include an adaptive map
building module 870.

[0175] The adaptive map building module 870 monitors travel paths of
cellular phones and vehicles and determines whether new roads and/or hiking/bike
paths should be created and added to the stored maps. The adaptive map building
module 870 also determines whether and when new map updates should be sent.
The adaptive map building module 870 also selects the subscribers that should
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receive the updated maps. The adaptive map building module 870 includes a map
monitoring module 871 and a map updating module 872, which operate as further
described above and below.

[0176] The servers may communicate with other servers in a peer-to-peer
mode or via a traffic monitoring module, as described above in conjunction with
FIGs. 24C and 24D.

[0177] Referring now to FIG. 25B, an exemplary map monitoring
module 871 is shown. The map monitoring module 871 includes a path determining
module 874, a comparing module 875 and an identifying module 876. The path
determining module 876 determines a travel path of the cellular phones and vehicles
based on the vector and location data. The comparing module 875 compares the
travel path to roads defined by the map data. The identifying module 876 selectively
identifies new roads based on the comparison as further described above and
below.

[0178] Referring now to FIG. 26, an exemplary method performed by the
adaptive map building module 848 of FIG. 25 is shown. Control begins with step
880 and proceeds to step 882. In step 882, the adaptive map building module 848
receives vector and location data from one or more cellular phones and/or vehicles.

[0179] In steps 884 and 886, the adaptive map building module 848
determines whether sufficient predetermined criteria relating to the creation of a
road has been met. For example only, in step 884 control determines whether V
vehicles have traveled on a path, where V is an integer greater than or equal to one.
If step 884 is true, the adaptive map building module 848 may also determine
whether additional criteria has been met in step 886.

[0180] If all of the criteria has been met as determined in steps 884 and
886, the adaptive map building module 848 creates new map data defined by the
path of the V vehicles in step 888. In step 894, the traffic monitoring module 112
may push the new map data to relevant subscribers. The relevant subscribers may
be those subscribers that are within a predetermined geographical distance from the
new road, subscribers who pay for updates, etc.

[0181] The traffic monitoring module 112 may send or push the new map
data to the subscribers when a new road is identified, on a predetermined periodic
basis, when an event occurs, upon user requests, and/or using any other basis.
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The new map data may also be selectively sent when a subscriber is traveling within
a predetermined distance of the new road or is likely to travel on the new road.

[0182] Referring now to FIGs. 27A and 27B, a cellular phone 900
including an adaptive map building module 910 is shown. Reference numbers from
FIG. 16A have been used in FIG. 27 where appropriate. A global positioning system
(GPS) 904 includes an adaptive mapping module 906. Alternately, the adaptive
map building module 906 may be a stand alone module or integrated with another
cellular phone module.

[0183] The adaptive mapping module 906 includes a map monitoring
module 910 and a map updating module 912. The map monitoring module 910 may
compare vector and location data generated by the vector and location module 478
with map data previously stored in the memory 479. When the cellular phone 900 is
traveling along a path that does not align with roads in the map data, the map
monitoring module 910 may determine whether sufficient criteria has been met to
create a new road.

[0184] The criteria may include the number of times traveled along the
path, the speed of travel, and/or other criteria described above. The map updating
module 912 may selectively update the local map data of the cellular phone 900
when a new road has been identified. Additionally, the map monitoring module 910
and map updating module 912 may identify walking/hiking paths and biking paths
based on a travel speed and/or other information as will be described below.

[0185] The map updating module 912 may also selectively send new map
data, walking/hiking data and/or biking data to the traffic monitoring module 112.
The map monitoring module 910 and the map updating module 912 may be
combined into a single module.

[0186] In FIG. 27B, the map monitoring module 910 is shown to include a
path determining module 914, a comparing module 916 and an identifying module
918. The path determining module 914 determines a travel path of the cellular
phone based on the vector and location data. The comparing module 916
compares the travel path to roads defined by the map data. An identifying module
918 selectively identifies new roads based on the comparison as described herein.

[0187] Referring now to FIG. 28, a vehicle 940 including a user-based
adaptive map building module 946 is shown. Reference numbers from FIG. 3A

have been used where appropriate. A giobal positioning system (GPS) 944 may
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include a user-based adaptive mapping module 946. Alternately, the adaptive map
building module 946 may be a stand alone module or integrated with another vehicle
module. The adaptive map building module 946 includes a map monitoring module
950 and a map updating module 952. The map monitoring module 950 may
compare vector and location data generated by the vector and location module 478
to map data previously stored in the memory 479.

[0188] When the vehicle 940 is traveling along a path that does not align
with the map data, the map monitoring module 950 and/or the map updating module
952 may determine whether sufficient criteria has been met to create a new road.
The criteria may include the number of times traveled along the path, the speed of
travel, and/or other criteria described above. The map updating module 952 may
selectively update the local map data of the cellular phone 900 when a new road
has been identified. The map updating module 912 may also selectively send new
road information to the traffic monitoring module 112. The map monitoring module
950 may be similar to that shown in FIG. 27B.

[0189] Referring now to FIG. 29, an exemplary method performed by the
adaptive map building modules is shown. Control begins with step 970 and
proceeds to step 974. In step 974, control monitors vector and location data relative
to roads in the map data during operation. In step 976, control determines whether
the cellular phone or vehicle is traveling on a travel path that is not stored in the map
data. Additional criteria may also be evaluated in step 978 as described above. If
the additional criteria is met, the adaptive mapping module adds a new road defined
by the travel path of the vehicle or cellular phone to the local map data in step 980.
In step 982, the map updating module 952 may selectively send new map data to
the remote traffic monitoring system.

[0190] Referring now to FIG. 30, an exemplary method performed by the
adaptive map building module 906 of FIG. 27 is shown. The cellular phone may be
carried by a person while traveling along a walking/hiking path and/or a biking path.
The adaptive map building modules monitor movement and selectively add the
walking/hiking or biking paths to the map data.

[0191] Control begins with step 1000. In step 1004, control monitors
vector and location data relative to the map data during operation. In step 1008,
control determines whether the cellular phone is traveling on a path that is not

defined by the map data. If step 1008 is true, control determines whether the speed
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on the path is greater than a first speed threshold and less than a second speed
threshold in step 1010. The first speed threshold may be equal to a typical minimum
walking speed. For example only, the first speed threshold may be a value in a
range of 1 to 3 mph. The second speed threshold may be equal to a second value
that is a typical maximum walking speed. For example only, the second speed
threshold may be set in the range of 3 to 5 mph. For example only, the first speed
threshold may be set to 2 mph and the second speed threshold may be set to 5
mph.

[0192] Alternately, a higher second speed threshold may be used to
monitor runners running on the paths. For example, the second speed threshold
may be set equal to a value in the range of 8 to 15 mph.

[0193] If step 1010 is met, it is likely that the user of the cellular-phone is
walking along a walking/hiking path. Therefore, in step 1014, the walking/hiking
path may be added to the map data. In step 1018, the new walking/hiking path data
may be selectively sent to the traffic monitoring system. Additional validation criteria
may also be performed as described above.

[0194] If step 1010 is false, control continues with step 1020 and
determines whether the speed of the user along the path is greater than a third
speed threshold and less than a fourth speed threshold. The third speed threshold
may be equal to a typical minimum biking speed such as 5 mph. The fourth speed
threshold may be equal to a typical maximum biking speed such as 25 mph. If step
1020 is true, it is likely that a user is operating a bicycle along a bike path.
Therefore, in step 1024, the biking path may be added to the local map data. In
step 1028, new biking path data may also be selectively sent to the traffic monitoring
system.

[0195] Referring now to FIG. 31, an exemplary method for identifying
whether a path is uphill or downhill, estimating a percentage grade and/or estimating
a length of the grade of a bike path is shown. Control begins with step 1100 and
proceeds to step 1104. In step 1104, a speed or average speed along a biking path
is monitored for one or more cellular phones. As bicyclists ride uphill, their speed
will tend to slow relative to flatter sections of the path. As bicyclists ride downhill,
their speed will tend to increase relative to flatter sections of the path. For example,
for cellular phones traveling in one direction on the path, the average speed may be

25 mph. For cellular phones traveling in the opposite direction on the same path,
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the average speed may be 7 mph. The increasing/decreasing trend may tend to
identify downbhill/uphill sections. These relative speeds may tend to identify a
section that is downhill in the one direction and uphill in the opposite direction.
Additionally, the relative grade may also be estimated based on the
increase/decrease in speed. The relative speeds may also be used to determine
when the grade starts and stops. In other words, when the average speeds in
opposite directions are statistically significant, the differences can be used to identify
the start and end of a grade.

[0196] In step 1110, the length of grade, the up/down pitch of the grade
and/or the percent grade of the biking path may be estimated. In other words, the
map data may reflect sections of the biking path that are uphill and downhill and the
lengths of the uphill/downhill sections. For example only, the estimation may be
done using statistical analysis. In step 1114, data relating to a bike path may be
updated using the grade or length of grade information. Control ends in step 1120.

[0197] Those skilled in the art can now appreciate from the foregoing
description that the broad teachings of the present invention can be implemented in
a variety of forms. As can be appreciated, steps of methods disclosed and claimed
can be performed in an order that is different than that described and claimed herein
without departing from the spirit of the present invention. Therefore, while this
invention has been described in connection with particular examples thereof, the
true scope of the invention should not be so limited since other modifications will
become apparent to the skilled practitioner upon a study of the drawings, the
specification and the following claims. '
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CLAIMS
What is claimed is:

1. A traffic monitoring system comprising:

memory for storing map data;

a traffic report generating module that receives vector and location data from
at least one of cellular phones and vehicles and that generates and transmits traffic
reports based on said vector and location data; and

a map monitoring module including:

a path determining module that determines a travel bath of said at
least one of said cellular phones and said vehicles based on said vector and
location data;

a comparing module that compares said travel path to roads defined
by said map data; and

an identifying module that selectively identifies new roads based on
said comparison.

2. The traffic monitoring system of Claim 1 further comprising a generating
module that generates new road data when said new roads are identified.

3. The traffic monitoring system of Claim 2 further comprising an updating
module that selectively transmits said new road data to said at least one of said
cellular phones and said vehicles.

4. The traffic monitoring system of Claim 3 wherein said path identifying module
determines a speed of said cellular phones on said travel path, said comparing
module compares said speed to first and second predetermined speeds and said
identifying module selectively identifies new walking paths based on said
comparison.

5. The traffic monitoring system of Claim 4 wherein said generating module
generates new walking path data when said new walking paths are identified.
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6. The traffic monitoring system of Claim 5 wherein said updating module
selectively transmits said new walking path data to said at least one of said cellular
phones and said vehicles.

7. The traffic monitoring system of Claim 4 wherein said first predetermined
speed is equal to a typical minimum walking speed and said second predetermined
speed is equal to a typical maximum walking speed.

8. The traffic monitoring system of Claim 3 wherein said path identifying module
determines a speed of said cellular phones on said travel path, said comparing
module compares said speed to first and second predetermined speeds and said
identifying module selectively identifies new biking paths based on said comparison,
wherein said first predetermined speed is equal to a typical minimum biking speed
and said second predetermined speed is equal to a typical maximum biking speed.

9. The traffic monitoring system of Claim 8 wherein said generating module
generates new biking path data when said new biking paths are identified.

10.  The traffic monitoring system of Claim 9 wherein said updating module
selectively transmits said new biking paths to said at least one of said cellular
phones and said vehicles.

11. A method for providing a traffic monitoring system comprising:

storing map data,

receiving vector and location data from at least one of cellular phones and
vehicles and generating and transmitting traffic reports based on said vector and
location data; and

determining a travel path of said at least one of said cellular phones and said
vehicles based on said vector and location data;

comparing said travel path to roads defined by said map data; and

selectively identifying new roads based on said comparison.

12.  The method of Claim 11 further comprising generating new road data when
said new roads are identified.
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13.  The method of Claim 12 further comprising selectively transmitting said new

road data to said at least one of said cellular phones and said vehicles.

14.  The method of Claim 13 further comprising determining a speed of said
cellular phones on said travel path, comparing said speed to first and second

predetermined speeds and selectively identifying new walking paths based on said
comparison.

15.  The method of Claim 14 further comprising generating new walking path data
when said new walking paths are identified.

16.  The method of Claim 15 further comprising selectively transmitting said new
walking path data to said at least one of said cellular phones and said vehicles.

17.  The method of Claim 14 wherein said first predetermined speed is equal to a
typical minimum walking speed and said second predetermined speed is equal to a
typical maximum walking speed.

18.  The method of Claim 13 further comprising:

determining a speed of said cellular phones on said travel path;

comparing said speed to first and second predetermined speeds; and

selectively identifying new biking paths based on said comparison, wherein
said first predetermined speed is equal to a typical minimum biking speed and said
second predetermined speed is equal to a typical maximum biking speed.

19.  The method of Claim 18 further comprising generating new biking path data
when said new biking paths are identified.

20. The method of Claim 19 further comprising selectively transmitting said new
biking paths to said at least one of said cellular phones and said vehicles.
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21.  The traffic monitoring system of Claim 8 wherein said path identifying module
compares a difference in speed for travel in opposite directions on at least one

biking path to identify grade information.

22.  The traffic monitoring system of Claim 8 wherein said path identifying module
compares speeds for travel in opposite directions on at least one biking path to
identify grade information.

23.  The method of Claim 18 further comprising comparing a difference in speed
for travel in opposite directions on at least one biking path to identify grade

information.

24.  The method of Claim 18 further comprising comparing speeds for travel in
opposite directions on at least one biking path to identify grade information.

25. A vehicle comprising:
memory for storing map data;
a global positioning system (GPS) module that transmits vector and location
data and that receives traffic reports from a remote traffic monitoring system; and
an adaptive map building module including:
a path determining module that determines a travel path of said
vehicle based on said vector and location data;
a comparing module that compares said travel path to roads defined
by said map data; and
an identifying module that selectively identifies new roads based on
said comparison.

26. The vehicle of Claim 25 further comprising a generating module that
generates new road data when said new roads are identified.

27. The vehicle of Claim 26 further comprising an updating module that
selectively transmits said new road data to said memory.
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28. The vehicle of Claim 26 further comprising an updating module that
selectively transmits said new road data to said remote traffic monitoring system.

29.  Acellular phone comprising:
memory for storing map data;
a global positioning system (GPS) module that transmits vector and location
data and that receives traffic reports from a remote traffic monitoring system; and
an adaptive map building module including:
a path determining module that determines a travel path of said
cellular phone and based on said vector and location data;
a comparing module that compares said travel path to roads defined
by said map data; and
an identifying module that selectively identifies new roads based on
said comparison.

30. The cellular phone of Claim 29 further comprising a generating module that
generates new road data when said new roads are identified.

31.  The cellular phone of Claim 30 further comprising an updating module that
selectively transmits said new road data to at least one of said memory and said
remote traffic monitoring system.

32. The cellular phone of Claim 31 wherein said path identifying module
determines a speed of said cellular phone on said travel path, said comparing
module compares said speed to first and second predetermined speeds and said
identifying module selectively identifies new walking paths based on said

comparison.

33. The cellular phone system of Claim 32 wherein said generating module

generates new walking path data when said new walking paths are identified.
34. The cellular phone of Claim 33 wherein said updating module selectively

transmits said new walking path data to at least one of said memory and said
remote traffic monitoring system.
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35. Thé cellular phone of Claim 32 wherein said first predetermined speed is
equal to a typical minimum walking speed and said second predetermined speed is
equal to a typical maximum walking speed.

36. The cellular phone of Claim 32 wherein said path identifying module
determines a speed of said cellular phone on said travel path, said comparing
module compares said speed to first and second predetermined speeds and said
identifying module selectively identifies new biking paths based on said comparison.

37.  The cellular phone of Claim 36 wherein said generating module generates
new biking path data when said new biking paths are identified.

38.  The cellular phone of Claim 37 wherein said updating module selectively
transmits said new biking paths to at least one of said memory and said remote
traffic monitoring system.

39.  The cellular phone of Claim 36 wherein said first predetermined speed is

equal to a typical minimum biking speed and said second predetermined speed is
equal to a typical maximum biking speed.
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