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METHOD AND SYSTEM FOR MODELING AND
PROCESSING VEHICULAR TRAFFIC DATA AND
INFORMATION AND APPLYING THEREOF

[0001] This takes priority from U.S. Provisional Patent
Application No. 60/227,905, filed Aug. 28, 2000, entitled
“Dynamic Traffic Flow Forecasting, Using Large Volumes
Of Privacy Protected Location Data”.

FIELD AND BACKGROUND OF THE
INVENTION

[0002] The present invention relates to the field of vehicu-
lar traffic data and information and, more particularly, to a
method and system for modeling and processing vehicular
traffic data and information, and using the modeled and
processed vehicular traffic data and information for provid-
ing a variety of vehicular traffic related service applications
to end users.

[0003] Despite continuing investing in massive amounts
of financial and human resources, current road network
capacities insufficiently meet the needs dictated by current
levels and growth rates of traffic volume. This dilemma
relates to current road network capacifies, in general, and
current road network capacities in urban, suburban, and
rural, environments, in particular. Road congestion, or,
equivalently, inconveniently high levels or volumes of
vehicular road traffic, is a persistent major factor resulting
from this dilemma, and needs to be given proper attention
and taken into account for efficiently scheduling trips, select-
ing travel routes, and for attempting to efficiently allocate
and exploit time, by individual drivers, as well as by
vehicular traffic logistics personnel such as company vehicu-
lar fleet managers, responsible for performing such activi-
ties. Road congestion and associated traffic data and infor-
mation also need to be well understood and used by a wide
variety of public and private occupations and personnel,
such as designers, planners, engineers, coordinators, traffic
law makers and enforcers, directly and/or indirectly
involved in designing, planning, controlling, engineering,
coordinating, and implementing, a wide variety of activities,
events, and/or construction projects, which depend upon
accurate descriptions of current and future vehicular traffic
situations and scenarios. This situation is a main driving
force for the on-going development and application of
various methods, systems, and devices, for acquiring, ana-
lyzing, processing, and applying, vehicular traffic data and
information.

[0004] There are various prior art techniques for acquir-
ing, analyzing, processing, and applying, vehicular traffic
data and information. A few examples of recent prior art in
this field are U.S. Pat. No. 6,236,933, issued to Lang,
entitled “Instantaneous traffic Monitoring System”, U.S. Pat.
No. 6,012,012, issued to Fleck et al., entitled “Method And
System For Determining Dynamic traffic Information”, U.S.
Pat. No. 6,240,364, issued to Kerner et al., entitled “Method
And Device for Providing Traffic Information”, and, U.S.
Pat. No. 5,845,227, issued to Peterson, entitled “Method
And apparatus For Providing Shortest elapsed time Route
And tracking Information To Users”.

[0005] Prior art techniques typically include calculating
velocities of vehicles, for example, by acquiring series of
exact locations of the vehicles located along roads in known
time intervals, by measuring vehicular traffic flux along
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roads, especially, along highways, and/or, by a variety of
other means known in the field. There are prior art tech-
niques which are either based on, or, include, the use of
networks of fixed or static traffic sensors or electronic
devices, such as video cameras, induction boxes, tag readers,
traffic detectors, and so on, which are installed and fixed
along known locations of main traffic arteries and/or traffic
volume. Fixed or static traffic sensors or electronic devices,
positioned at known locations, relay crossing times of
vehicles to a computerized central traffic data and informa-
tion handling (gathering, collecting, acquiring, analyzing,
processing, communicating, distributing) system that con-
sequently calculates velocities of the vehicles between two
such sensors.

[0006] Significant limitations of developing and imple-
menting comprehensive, highly accurate and precise, tech-
niques for acquiring, analyzing, processing, and applying,
vehicular traffic data and information, primarily based upon
a system or network of fixed or static traffic sensors or
electronic devices, are the relatively large amounts and
expense of the necessary infrastructure and maintenance,
especially if such resources are to account for and include
vehicular traffic data and information associated with a
plethora of minor roads characterized by low volumes of
vehicular traffic.

[0007] More recent prior art techniques are either based
on, or, at least include, the use of mobile sensors or elec-
tronic devices physically located in or attached to vehicles,
each of which is uniquely or specifically designated or
assigned to a particular vehicle, whereby the mobile sensors
or electronic devices automatically transmit vehicle loca-
tions to the computerized central traffic data and handling
system according to pre-determined time intervals, and,
whereby, vehicle velocities are relatively simple to calculate
for vehicle locations acquired with sufficient accuracy.

[0008] For obtaining dynamic vehicle location and veloc-
ity data and information, having varying degrees of accuracy
and precision, from uniquely or specifically dedicated in-
vehicle mobile sensors or electronic devices, such prior art
techniques make use of well known global positioning
system (GPS) and/or other types of mobile wireless com-
munication or electronic vehicular tracking technologies,
such as cellular telephone or radio types of mobile wireless
communications networks or systems, involving the use of
corresponding mobile wireless devices such as cellular
telephones, laptop computers, personal digital assistants
(PDAs), transceivers, and other types of telemetric devices,
which are uniquely or specifically designated or assigned to
a particular vehicle. Establishing and maintaining various
communications of the mobile sensors or electronic devices,
the computerized central traffic data and information han-
dling system, and, vehicular end-users, are also performed
by mobile wireless communication networks or systems,
such as cellular telephone mobile wireless communications
networks or systems, for example, involving the Internet.

[0009] It is noted, however, that due to the requirement of
uniquely or specifically designating or assigning each
mobile sensor or electronic device to a particular vehicle
during the process of gathering, collecting, or acquiring, the
vehicular traffic data and information, the potential number
of mobile sensors or electronic devices providing dynamic
vehicle location and velocity data and information to the
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computerized central traffic data and information handling
system is limited, in proportion to the number of vehicles
featuring the particular mobile wireless communication or
electronic vehicular tracking technology. For example, cur-
rently, there is a significantly larger potential number of
vehicles associated with cellular telephone types of a mobile
wireless communication network or system compared to the
potential number of vehicles associated with GPS types of a
mobile wireless communication network or system.

[0010] Various specific techniques for manually and elec-
tronically gathering, collecting, or acquiring, vehicular traf-
fic data and information are relatively well developed and
taught about in the prior art. Moreover, various specific
techniques for electronically communicating, sending, or
distributing, analyzed and processed vehicular traffic data
and information in vehicular traffic related service applica-
tions to end users are also relatively well developed and
taught about in the prior art. However, there remains a strong
on-going need for developing better, more comprehensive,
highly accurate and precise, yet, practicable and implement-
able techniques for analyzing, modeling, and processing, the
acquired, collected, or gathered, vehicular traffic data and
information. This last aspect is especially true with regard to
using vehicular traffic data and information for comprehen-
sively, yet, accurately and practicably, describing current
and predicting future vehicular traffic situations and sce-
narios, from which vehicular traffic data and information are
used for providing a variety of vehicular traffic related
service applications to end users.

[0011] In the prior art, a critically important aspect requir-
ing new and improved understanding and enabling descrip-
tion for developing better, more comprehensive, highly
accurate and precise, yet, practicable and implementable
techniques for analyzing, modeling, and processing, the
acquired, collected, or gathered, vehicular traffic data and
information, relates to the use of a geographical information
system (GIS), or, other similarly organized and detailed
spatial representation of a network of roads, for a particular
local or wide area region, within which the vehicular traffic
data and information are acquired, collected, or gathered. In
particular, there is a need for properly and efficiently ‘spa-
tially’ modeling a road network, and, properly and efficiently
‘spatially’ modeling, interrelating, and correlating, the
vehicular traffic data and information which are acquired,
collected, or gathered, among a plurality of sub-regions,
sub-areas, or, other designated sub-divisions, within the
particular local or wide area region of the spatially modeled
road network. Furthermore, there is a particular need for
incorporating the factor or dimension of time, for properly
and efficiently ‘spatially and temporally’ defining, interre-
lating, and correlating, the vehicular traffic data and infor-
mation which are acquired, collected, or gathered, among
the plurality of sub-regions, sub-areas, or, other designated
sub-divisions, within the particular local or wide area region
of the spatially modeled road network.

[0012] In the prior art, another critically important aspect
requiring new and improved understanding and enabling
description relates to the modeling and processing of vehicu-
lar traffic data and information which are acquired, col-
lected, or gathered, using techniques based on cellular
telephone types of mobile wireless communications net-
works or systems, which to date, feature relatively low
accuracy and precision of vehicle locations compared to the
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less widely used, but significantly more highly accurate and
precise, GPS types of mobile wireless communication or
electronic vehicular tracking technologies.

[0013] In prior art, another critically important aspect
requiring new and improved understanding and enabling
description relates to the modeling and processing of vehicu-
lar traffic data and information which are acquired, col-
lected, or gathered, from an ‘arbitrary’, non-pre-determined
or non-designated, population or group of vehicles each
including a uniquely or specifically designated or assigned
mobile sensor or electronic device, therefore, resulting in a
potentially large number of mobile sensors or electronic
devices providing dynamic vehicle location and velocity
data and information to the computerized central traffic data
and information handling system.

[0014] In the prior art, another critically important aspect
requiring new and improved understanding and enabling
description relates to the proper and efficient combining or
fusing of a variety of vehicular traffic data and information
which are acquired, collected, or gathered, using a combi-
nation of a various techniques based on networks of fixed or
static traffic sensors or electronic devices, GPS and/or cel-
lular telephone types of mobile wireless communications
networks or systems, and, various other manual and elec-
tronic types of vehicular traffic data and information such as
historical and/or event related vehicular traffic data and
information.

[0015] In the prior art, another important aspect requiring
understanding and enabling description relates to techniques
for protecting the privacy of individuals associated with or
hosting the sources, that is, the mobile sensors or electronic
devices, of vehicular traffic data and information which are
acquired, collected, or gathered, using techniques based on
GPS and/or cellular telephone types of mobile wireless
communications networks or systems. The inventors are
unaware of any prior art teaching for performing this in the
field of vehicular traffic data and information.

[0016] There is thus a strong need for, and it would be
highly advantageous to have a method and system for
modeling and processing vehicular traffic data and informa-
tion, and using the modeled and processed vehicular traffic
data and information for providing a variety of vehicular
traffic related service applications to end users. Moreover,
there is a particular need for such a generally applicable
method and system with regard to using vehicular traffic data
and information for comprehensively, yet, accurately and
practicably, describing current and predicting future vehicu-
lar traffic situations and scenarios, from which vehicular
traffic data and information are used for providing the
variety of vehicular traffic related service applications to the
end users.

SUMMARY OF THE INVENTION

[0017] The present invention relates to a method and
system for modeling and processing vehicular traffic data
and information, and using the modeled and processed
vehicular traffic data and information for providing a variety
of vehicular traffic related service applications to end users.
The present invention especially includes features for using
vehicular traffic data and information for comprehensively,
yet, accurately and practicably, describing current and pre-
dicting future vehicular traffic situations and scenarios, from
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which vehicular traffic data and information are used for
providing the variety of vehicular traffic related service
applications to the end users.

[0018] Thus, according to the present invention, there is
provided a method and a system for modeling and process-
ing vehicular traffic data and information, comprising: (a)
transforming a spatial representation of a road network into
a network of spatially interdependent and interrelated ori-
ented road sections, for forming an oriented road section
network; (b) acquiring a variety of the vehicular traffic data
and information associated with the oriented road section
network, from a variety of sources; (¢) prioritizing, filtering,
and controlling, the vehicular traffic data and information
acquired from each of the variety of sources; (d) calculating
a mean normalized travel time (NTT) value for each ori-
ented road section of said oriented road section network
using the prioritized, filtered, and controlled, vehicular traf-
fic data and information associated with each source, for
forming a partial current vehicular traffic situation picture
associated with each source; (¢) fusing the partial current
traffic situation picture associated with each source, for
generating a single complete current vehicular traffic situa-
tion picture associated with entire oriented road section
network; (f) predicting a future complete vehicular traffic
situation picture associated with the entire oriented road
section network; and (g) using the current vehicular traffic
situation picture and the future vehicular traffic situation
picture for providing a variety of vehicular traffic related
service applications to end users.

[0019] The present invention successfully overcomes all
the previously described shortcomings and limitations of
presently known techniques for analyzing, modeling, and
processing, the acquired, collected, or gathered, vehicular
traffic data and information. Especially with regard to using
vehicular traffic data and information for comprehensively,
yet, accurately and practicably, describing current and pre-
dicting future vehicular traffic situations and scenarios, from
which vehicular traffic data and information are used for
providing a variety of vehicular traffic related service appli-
cations to end users. Another important benefit of the present
invention is that it is generally applicable and complemen-
tary to various different ‘upstream’ prior art techniques of
gathering, collecting, or acquiring, vehicular traffic data and
information, and, generally applicable and complementary
to various different ‘downstream’ prior art techniques of
electronically communicating, sending, or distributing, the
analyzed, modeled, and processed, vehicular traffic data and
information in vehicular traffic related service applications
to end users.

[0020] Implementation of the method and system for
modeling and processing vehicular traffic data and informa-
tion, and using the modeled and processed vehicular traffic
data and information for providing a variety of vehicular
traffic related service applications to end users, according to
the present invention, involves performing or completing
selected tasks or steps manually, automatically, or a combi-
nation thereof. Moreover, according to actual instrumenta-
tion and/or equipment used for implementing a particular
preferred embodiment of the disclosed invention, several
selected steps of the present invention could be performed
by hardware, by software on any operating system of any
firmware, or a combination thereof. In particular, as hard-
ware, selected steps of the invention could be performed by
a computerized network, a computer, a computer chip, an
electronic circuit, hard-wired circuitry, or a combination
thereof, involving any number of digital and/or analog,

Feb. 28, 2002

electrical and/or electronic, components, operations, and
protocols. Additionally, or alternatively, as software,
selected steps of the invention could be performed by a data
processor, such as a computing platform, executing a plu-
rality of computer program types of software instructions or
protocols using any suitable computer operating system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The invention is herein described, by way of
example only, with reference to the accompanying drawings,
wherein:

[0022] FIG. 1 is a block flow diagram of a preferred
embodiment of the method and system for modeling and
processing vehicular traffic data and information, and using
the modeled and processed vehicular traffic data and infor-
mation for providing a variety of vehicular traffic related
service applications to end users, in accordance with the
present invention;

[0023] FIG. 2 is a schematic diagram illustrating a pre-
ferred embodiment of modeling a road network in terms of
‘oriented road sections’ as part of, and in relation to, oriented
road section network 14 of method / system 10 of FIG. 1,
in accordance with the present invention;

[0024] FIG. 3 is a pictorial diagram illustrating exemplary
results obtained from the process of path identification using
vehicular traffic data and information acquired from mobile
sensors of a cellular phone mobile communication network,
in accordance with the present invention;

[0025] FIG. 4 is a pictorial diagram illustrating exemplary
results obtained from the process of path identification using
vehicular traffic data and information acquired from mobile
sensors of an anti-theft mobile communication network, in
accordance with the present invention;

[0026] FIG. 5 is a schematic diagram illustrating a partial
current vehicular traffic situation picture featuring current
NTT values obtained from an exemplary network source of
mobile sensor vehicular traffic data and information, and
indicated for each oriented road section of an exemplary part
of an oriented road section network, in accordance with the
present invention,

[0027] FIG. 6 is a graph illustrating an example of vehicu-
lar traffic behavior associated with an exemplary oriented
road section, in terms of different NTT values plotted as a
function of time in accordance with the present invention;

[0028] FIG. 7 is a graphical diagram illustrating usage of
a three-dimensional vehicular traffic situation picture for
providing route recommendation types of traffic related
service applications to end users in accordance with the
present invention; and

[0029] FIG. 8 is a graphical diagram illustrating usage of
a three-dimensional vehicular traffic situation picture for
providing traffic alerts and alternative route recommenda-
tion types of traffic related service applications to end users
in accordance with the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0030] The present invention takes priority from U.S.
Provisional Patent Application No. 60/227,905, filed Aug.
28, 2000, entitled “Dynamic Traffic Flow Forecasting, Using
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Large Volumes Of Privacy Protected Location Data”, the
teachings of which are incorporated by reference as if fully
set forth herein.

[0031] The present invention relates to a method and
system for modeling and processing vehicular traffic data
and information, and using the modeled and processed
vehicular traffic data and information for providing a variety
of vehicular traffic related service applications to end users.
The present invention especially includes features for using
vehicular traffic data and information comprehensively, yet,
accurately and practicably, describing current and predicting
future vehicular traffic situations and scenarios, from which
vehicular traffic data and information are used for providing
the variety of vehicular traffic related service applications to
the end users.

[0032] The present invention features several aspects of
novelty and inventive step over the prior art, for developing
better, more comprehensive, highly accurate and precise,
yet, practicable and implementable techniques for analyz-
ing, modeling, and processing, the acquired, collected, or
gathered, vehicular traffic data and information. Several
main aspects of the present invention are described in more
detail thereafter.

[0033] One main aspect of the present invention relates to
the adaptation and modeling of a geographical information
system (GIS), or, other similarly organized and detailed
spatial representation of a network of roads, for a particular
local or wide area region, within which the vehicular traffic
data and information are acquired, collected, or gathered. In
particular, there is efficiently ‘spatially’ modeling the road
network, in order to accommodate and fit the variety of
vehicular traffic data and information, while limiting the
amount of data and information needed to be stored and
handled. By way of this adaptation and modeling of a road
network, especially a GIS type of road network, there is also
properly and efficiently ‘spatially’ modeling, interrelating,
and correlating, the vehicular traffic data and information
which are acquired, collected, or gathered, among a plurality
of sub-regions, sub-areas, or, other designated sub-divisions,
within the particular local or wide area region of the spatially
defined road network. Furthermore, there is incorporating
the factor or dimension of time, for properly and efficiently
‘spatially and temporally’ defining, interrelating, and corre-
lating, the vehicular traffic data and information which are
acquired, collected, or gathered, among the plurality of
sub-regions, sub-areas, or, other designated sub-divisions,
within the particular local or wide area region of the spatially
defined road network.

[0034] Another main aspect of the present invention
relates to the modeling and processing of vehicular traffic
data and information which are acquired, collected, or
gathered, using techniques based on mobile wireless com-
munication networks or systems, such as cellular telephone
types of networks and systems, which to date, feature
relatively low accuracy and precision of vehicle locations
compared to the less widely used, but significantly more
highly accurate and precise, GPS types of mobile wireless
communication or electronic vehicular tracking technolo-
gies.

[0035] Another main aspect of the present invention
relates to the modeling and processing of vehicular traffic
data and information which are acquired, collected, or
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gathered, from an ‘arbitrary’, non-pre-determined or non-
designated, population or group of vehicles each including
a uniquely or specifically designated or assigned mobile
sensor or electronic device, therefore, resulting in a poten-
tially large number of mobile sensors or electronic devices
providing dynamic vehicle location and velocity data and
information to the computerized central traffic data and
information handling system.

[0036] Another main aspect of the present invention
relates to efficient combining or fusing of a variety of
vehicular traffic data and information which are acquired,
collected, or gathered, using a combination of various tech-
niques based on networks of fixed or static traffic sensors or
electronic devices, mobile wireless communications net-
works or systems such as GPS and/or cellular telephone
networks or systems, and, various other manual and elec-
tronic types of vehicular traffic data and information such as
traffic reports, incorporating in the fusion process the his-
torical and/or event related vehicular traffic data and infor-
mation that is accumulated, analyzed, and processed, from
previously accumulated vehicular traffic data and informa-
tion in the same system.

[0037] Another main aspect of the present invention
relates to techniques for protecting the privacy of individuals
associated with or hosting the sources, that is, the mobile
sensors or electronic devices, of vehicular traffic data and
information which are acquired, collected, or gathered,
using techniques based on GPS and/or cellular telephone
types of mobile wireless communications networks or sys-
tems. The inventors are unaware of any prior art teaching for
performing this in the field of vehicular traffic data and
information.

[0038] 1t is to be understood that the present invention is
not limited in its application to the details of the order or
sequence of steps of operation or implementation of the
method, or, to the details of construction and arrangement of
the various devices and components of the system, set forth
in the following description and drawings. For example, the
following description refers to a cellular telephone type of
mobile wireless communication network, or system as the
primary source of electronically acquired vehicular data and
information, in order to illustrate implementation of the
present invention. As indicated below, additionally, or, alter-
natively, other types of mobile wireless communication
networks or systems function as sources of electronically
acquired vehicular data and information. Accordingly, the
invention is capable of other embodiments or of being
practiced or carried out in various ways. Also, it is to be
understood that the phraseology and terminology employed
herein are for the purpose of description and should not be
regarded as limiting.

[0039] Steps, components, operation, and implementation
of a method and system for modeling and processing vehicu-
lar traffic data and information, and using the modeled and
processed vehicular traffic data and information for provid-
ing a variety of vehicular traffic related service applications
to end users, according to the present invention are better
understood with reference to the following description and
accompanying drawings. Throughout the following descrip-
tion and accompanying drawings, like reference numbers
refer to like elements.

[0040] Referring now to the drawings, FIG. 1 is a block
flow diagram of a preferred embodiment of the method and
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system, hereinafter, generally referred to as method/system
10, of the present invention. Terminology and referenced
items appearing in the following description of FIG. 1 are
consistent with those used in FIGS. 1 through 8.

[0041] In Step (a) of the method of the present invention,
there is transforming a spatial representation of a road
network into a network of spatially interdependent and
interrelated oriented road sections, for forming an oriented
road section network.

[0042] Specifically, there is transforming a spatial repre-
sentation of a road network 12 into a network of spatially
interdependent and interrelated oriented road sections, for
forming an oriented road section network 14. Preferably,
road network 12 is a geographical information system (GIS)
type of road network 12, which is well known in the art of
vehicular road traffic data and information. Typically, a GIS
type of road network 12 is a detailed spatial representation
of a road network encompassing a particular local or wide
area region, within which are a plurality of sub-regions,
sub-areas, or, other designated sub-divisions, such as roads,
turns, junctions, and, areas or regions of variably populated
streets and roads. Associated with road network 12, and
consequently, oriented road section network 14, are the
vehicular traffic data and information which are acquired,
collected, or gathered, among the plurality of sub-regions,
sub-areas, or, other designated sub-divisions. Step (a) cor-
responds to an initialization step when method/system 10 is
applied to a new geographical region or road network 12.
Vehicular traffic data and information are subsequently
added, by various manual and/or electronic means, to the
oriented road section network 14 model of a GIS type of
road network 12.

[0043] The approach of the present invention to the field
of vehicular traffic data and information, in general, and to
the problematic situation of vehicular traffic congestion, in
particular, is from a ‘holistic’ point of view, emphasizing the
importance of an entire road network 12 encompassing a
particular local or wide area region, and the interdependence
and interrelation of the plurality of sub-regions, sub-areas,
or, other designated sub-divisions of road network 12. This
is accomplished by adapting and transforming a spatial
representation of road network 12 into a network of spatially
interdependent and interrelated oriented road sections, for
forming oriented road section network 14. This process is
conceptually analogous to transforming road network 12
into an intertwined weave of oriented road sections, for
forming oriented road section network 14.

[0044] FIG. 2 is a schematic diagram illustrating a pre-
ferred embodiment of modeling a road network in terms of
‘oriented road sections’ as part of, and in relation to, oriented
road section network 14 of method / system 10 of FIG. 1.
In the upper part of FIG. 2, direction of vehicular traffic flow
is indicated by the arrows drawn inside the road segments
and inside the road junctions. Herein, the term ‘road sec-
tion’, in general, represents a unit featuring at least one
consecutive road segment of a road network, preferably, a
GIS type of road network, where the at least one road
segment, positioned head-to-tail relative to each other, are
located between two road junctions, referred to as a tail end
road junction and a head end road junction, within the road
network, and are characterized by similar vehicular traffic
data and information. In practice, typically, a ‘road section’
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represents a unit featuring a set of a plurality of consecutive
road segments of a road network, preferably, a GIS type of
road network, where the consecutive road segments, posi-
tioned head-to-tail relative to each other, are located
between two road junctions, a tail end road junction and a
head end road junction, within the road network, and are
characterized by similar vehicular traffic data and informa-
tion. For purposes of effectively modeling a particular road
network, a plurality of road segments are therefore com-
bined into a single homogeneous or uniform road section
characterized by homogeneous or uniform vehicular traffic
data and information. Accordingly, the road network is
modeled as a plurality of road sections.

[0045] Accordingly, in the upper part of FIG. 2, generally
indicated as 15, a road section, as a first example, road
section 16, represents a unit featuring a set of a plurality of,
for example, two, consecutive road segments 18 and 20 of
a road network (12 in FIG. 1, not shown in FIG. 2), where
consecutive road segments 18 and 20 are positioned head-
to-tail relative to each other, are located between two road
junctions, in particular, head end road junction 22 and tail
end road junction 24, within the road network, and are
characterized by similar vehicular traffic data and informa-
tion. As a second example, road section 26, represents a unit
featuring a set of a plurality of, for example, three, consecu-
tive road segments 28, 30, and, 32, within the same road
network (12 in FIG. 1, not shown in FIG. 2), where
consecutive road segments 28, 30, and, 32, are positioned
head-to-tail relative to each other, are located between two
road junctions, in particular, head end road junction 34 and
tail end road junction 22, within the road network, and are
characterized by similar vehicular traffic data and informa-
tion.

[0046] Two additional examples, relating to the two direc-
tions of a bi-directional street, of a road section, are road
section 36 and road section 38, each representing a single
consecutive road segment 40, within the road network (12 in
FIG. 1, not shown in FIG. 2), where consecutive road
segment 40 is positioned head-to-tail (relative to itself and
oppositely for each of the two directions), located between
two road junctions, in particular, head end road junction 42
and tail end road junction 22, and, head end road junction 22
and tail end road junction 42, respectively, within the road
network, and each is characterized by a particular vehicular
traffic data and information, according to each of the two
directions, respectively.

[0047] Herein, the term ‘oriented road section’ represents
a road section having a single vehicular traffic continuation
option located at the head end road junction. Herein, a single
vehicular traffic continuation option refers to one of the
various vehicular traffic flow options a vehicle may take,
such as optionally continuing to travel straight, optionally
taking a right turn, or, optionally taking a left turn, from a
particular road segment joined or linked to the head end road
junction. Accordingly, a vehicular traffic continuation option
is selected from the group consisting of continuing to travel
straight, taking a right turn and, taking a left turn, from a
particular road segment joined or linked to the head end road
junction.

[0048] Accordingly, in the lower part of FIG. 2, generally
indicated as 50, shown are eight oriented road sections, that
is, oriented road sections 16a, 16b, 16¢, associated with road
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section 16; oriented road sections 26a and 26b, associated
with road section 26; oriented road section 364, associated
with road section 36; and, oriented road sections 38a and
38b, associated with road section 38. Each oriented road
section has a single vehicular traffic continuation option, that
is, a vehicular traffic continuation option selected from the
group consisting of continuing to travel straight, taking a
right turn, and, taking a left turn, from the particular road
segment joined or linked to the associated head end road
junction, as shown by the arrows in the lower part of FIG.
2, corresponding to the arrows in the upper part of FIG. 1,
indicating direction of vehicular traffic flow drawn inside the
road segments and inside the road junctions.

[0049] An equally alternative way of defining the term
oriented road section is that, a road section having a head
end road junction with a particular plurality of vehicular
traffic continuation options is split or divided into that
particular plurality of oriented road sections. Accordingly, in
FIG. 2, for example, road section 16 having head end road
junction 22 with a plurality of three vehicular traffic con-
tinuation options, that is, vehicular traffic continuation
option 164 (continuing to travel straight), 16 (taking a right
turn), and, 16¢ (taking a left turn), is split or divided into a
plurality of three oriented road sections 164, 165, and 16c,
respectively.

[0050] When special lanes in the various road segments
within the oriented road section network are assigned to
turning traffic, the respective oriented road sections may
yield different vehicular traffic data and information, such as
different values relating to road congestion or heavy vehicu-
lar traffic volume. This representation of a road network
enables the incorporation of interdependence and interrela-
tion among the plurality of road segments, the plurality of
road sections, and, the plurality of oriented road sections. In
particular, the oriented road section network model of a road
network accounts for the significant influence of road junc-
tions on vehicular traffic flow and associated travel time
delays. Moreover, there is strong interdependence and inter-
relation between any given particular oriented road section
characterized by a particular traffic situation or scenario and
other oriented road sections in the same vicinity, either
crossing or parallel to the particular oriented road section.

[0051] In Step (b), there is acquiring a variety of vehicular
traffic data and information associated with the oriented road
section network, from a variety of sources.

[0052] An important aspect of the present invention is the
ability to model and process a wide variety of vehicular
traffic data and information, in particular, which are used for
generating current and future vehicular traffic situation pic-
tures. Referring to method / system 10 of FIG. 1, sources of
vehicular traffic data and information are selected from the
group consisting of sources 60 of fixed sensors, sources 62
of mobile sensors, sources 64 of traffic reports by police or
radio broadcasts of vehicular traffic data and information,
other sources 66, and combinations thereof. Each of the
variety of acquired, collected, or, gathered, vehicular traffic
data and information, is characterized by a variable level of
accuracy, and is independent of any other specific charac-
teristics of the corresponding source.

[0053] Systems of fixed sensors and traffic reports of
historical and/or event related vehicular traffic data and
information are presently the most common sources of
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vehicular traffic data and information, and are well known in
the art of vehicular traffic data and information. However,
the present invention features mobile sensors as most advan-
tageous for acquiring vehicular traffic data and information,
even though they have lower confidence levels. A growing
number of mobile wireless communication devices are
increasingly being installed or carried in vehicles, and are
capable of transmitting vehicular locations to a computer-
ized central data and information receiving and processing
system. Such mobile wireless communication devices are
telemetric devices with GPS capabilities, anti-theft devices,
and, driver-carried devices such as computer laptops and
cellular phones. The respective computerized central data
and information receiving and processing systems have
capabilities of locating these devices, and act as sources of
vehicular traffic data and information for assessing traffic
situations. The variability of these devices and the spreading
popularity of some of them leads to an abundant and
widespread population of mobile sensors. However, some of
these systems, such as a cellular telephone wireless com-
munication networks, have poor location accuracy, and
therefore require elaborate and unique processing in order to
extract useful vehicular traffic data and information.

[0054] In principle, method / system 10 of the present
invention is applicable to all types of mobile sensor systems,
and models and processes the variability of location accu-
racy, vehicular traffic movement data and information, read-
ing time intervals, and other types of vehicular traffic data
and information as further described below. Method / system
10 acquires vehicular traffic data and information from
several such sources in parallel and combines or fuses the
acquired vehicular traffic data and information into one
coherent and complete vehicular traffic situation picture.

[0055] Acquiring the vehicular traffic data and informa-
tion from a mobile sensor system is performed by tracking
a sample of mobile sensors 62 (FIG. 1) that are carried in
moving vehicles. Locations of mobile sensors 62 are
obtained from the mobile network in known time intervals,
and accordingly, the path of the vehicle is identified in terms
of a plurality of oriented road sections featured in the
oriented road section network, for example, the plurality of
exemplary oriented road sections shown in FIG. 2 featured
in oriented road section network 14 (FIG. 1), and the
velocity of a given vehicle on the different road sections of
the identified path are calculated. A statistical processing of
the velocities of all mobile sensors 62 that traveled on a
specific oriented road section during the time period of an
assessment cycle yields a normalized travel time (NTT)
value, hereinafter, also referred to as an NTT value, on that
specific oriented road section, where the normalized travel
time refers to a travel time normalized with respect to a
pre-determined distance, for example, in a non-limiting
fashion, normalized with respect to a distance having a range
of between about 10 meters to about 100 meters, preferably,
a distance of 100 meters. When more than one such NTT
value is calculated, a possibility of different velocities on
different lanes of a particular oriented road section is indi-
cated.

[0056] In Step (c), there is prioritizing, filtering, and
controlling, the vehicular traffic data and information
acquired from each of the variety of sources.

[0057] In this step of implementing method / system 10,
consideration is given to various aspects relating to priori-
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tizing, filtering, and controlling, the vehicular traffic data and
information acquired from each of the variety of sources.
For example, filtering noise corresponding to irrelevant
sensors and erroneous data.

[0058] With respect to the choice of the sampled mobile
sensor devices, sampling policy or prioritizing the variety of
vehicular traffic data and information, and controlling the
sampling of the vehicular traffic data and information,
statistical consideration show that a very small percentage,
approximately 1-2%, of moving vehicles provide a sufficient
base to obtain the necessary data. The number of moving
sensors is, however, huge, and there is need to efficiently
choose the sample population, to decide on a sampling
policy, and to control its carrying out so that the data
collected will be as relevant as possible for the purpose of
vehicular traffic assessment.

[0059] The choice of sample units is done by making sure
that they are in high probability moving-vehicle-carried. In
cellular telephone networks, this is done by identifying
phones whose cell-handover rates indicate a relatively fast
movement. A parallel procedure is performed for any mobile
sensor source. In mobile anti-theft systems, for example,
vehicular ignition activation is a valid indicator of ‘move-
ment-suspicion’. This initial choice of sensor population
assures, for example, that pedestrians will not be included,
and so prevents, along the track, the confusion between
walking pedestrians and slowing traffic due to heavy con-
gestion.

[0060] Data acquisition from cellular phones is controlled
by a server connected to a particular cellular phone network.
The operation of cellular phones provokes a large amount of
administrative and control messages that flow in the cellular
phone network whenever any cellular event occurs. For
example, initiation of a call, completion of a call, transmis-
sion of a short message service (SMS) message, a cell
transition or handover, etc. The server of the cellular phone
network monitors these messages and intercepts those that
indicate ‘movement’ of cellular phone holders, for example,
phones whose cell handovers rate can point to a vehicle
speed.

[0061] Those cellular phones that are suspected as being
‘vehicle-carried’ are immediately tracked for their locations
using the handovers themselves as ‘footprints’ or ‘foot-
setps’, and/or other locating capability of the cellular phone
network. Different particular cellular phone networks use
different locating techniques and systems, each having a
different characteristic locating accuracy. Method / system
10 is independent of specific locating techniques and sys-
tems, and is suited to a variability of accuracy and precision
levels. For example, a common difficulty concerning locat-
ing accuracy and precision of a mobile sensor network is the
phenomenon of ‘noise’, such as that caused by reflections,
low cell-efficiency management, and/or, even errors. As a
result of this, a substantial number of the footprints is
erroneous, whereby they do not represent real or actual
sensor locations.

[0062] The tracking of the ‘moving’ phones is done by
polling their locations in known time intervals. This opera-
tion is controlled by Sampler software module 1 indicated in
FIG. 1. Sampler software module 1 regulates the sampling
so that it will be most efficient. Specifically, for example,
Sampler software module 1 (i) filters out cellular phones that

Feb. 28, 2002

are recognized as ‘noise’, (ii) prioritizes the vehicular traffic
data and information acquisition according to policy or
present vehicular traffic circumstances, (iii) prevents track-
ing cellular phones that stopped moving, and, (iv) maintains
the sampling procedure within the locating capacity of the
particular cellular phone network.

[0063] Once the ‘moving’ sensors are identified, method /
system 10 includes them in the sample population and
controls the flow of the vehicular traffic data and information
according to actual features and capabilities of method /
system 10, in general, and of Sampler software module 1, in
particular, and, according to changing locations of the mov-
ing sensors along their respective paths. For example, Sam-
pler software module 1 obtains the vehicular traffic data and
information by ‘push’ or ‘pull’ procedures, that is, where
‘push’ is a mode of receiving the vehicular traffic data and
information that is initiated by source 62 of the mobile
sensors, and, where ‘pull’ is a mode of receiving the vehicu-
lar traffic data and information when the initiator is Sampler
software module 1. This tracking operation is controlled by
method / system 10 according to a predefined and updated
policy. For instance, according to a policy of ‘not to track too
many vehicles in a same region’, ‘focus the tracking on a
certain problematic region’, ‘stop tracking a vehicle that
stopped for a pre-determined time interval’, and, ‘collect
vehicular traffic data and information within a certain lim-
ited capacity of the cellular phone network’.

[0064] As previously indicated, a main aspect of the
present invention relates to techniques for protecting the
privacy of individuals associated with, or hosting, the
sources 62 (FIG. 2) of the mobile sensors or electronic
devices, of the vehicular traffic data and information which
are acquired, collected, or gathered, using techniques based
on GPS and/or cellular telephone types of mobile wireless
communications networks or systems. Tracking vehicles
without the knowledge and consent of their drivers may be
considered as violation of privacy. Method / system 10, in
general, and technical architecture of method / system 10, in
particular, are designed for deleting identities of the asso-
ciated sample units, and for deleting individual sensor tracks
once their derived velocities are incorporated into calcula-
tions and processing associated with the plurality of oriented
road sections within oriented road section network 14.

[0065] Moreover, these processing steps take place in a
server that is connected to the mobile sensor source network.
When more than one mobile sensor source provides vehicu-
lar traffic data and information to method / system 10, such
aserver is in communication with each of the data providers.
Tracked vehicles are not identified by using phone numbers.
Even within the short tracking times, mobile sensor identi-
ties are kept within the location of the cellular phone
network, so that during the whole process, privacy of
cellular phone users is protected.

[0066] In Step (d), there is calculating a mean normalized
travel time (N'TT) value for each oriented road section of the
oriented road section network using the prioritized, filtered,
and controlled, vehicular traffic data and information asso-
ciated with each source, for forming a partial current vehicu-
lar traffic situation picture associated with each source.

[0067] Prioritized, filtered, and controlled, vehicular traffic
data and information associated with each source are trans-
mitted from Sampler software module 1 to NTT calculator
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software module 2, as indicated in FIG. 1. In this step of
implementing method / system 10 (FIG. 1), consideration is
given to assessment of normalized travel times (NTTs)
values on oriented road sections, from individual calculated
values of NTTs, and, to inaccuracy problems relating to
identifying the path of a sample, and in extracting and
calculating the NTT values.

[0068] Data from fixed sensors are usually received in
terms of velocity or NTT values. Transition of these values
for processing according to the model of method / system 10
of the present invention is straightforward to one of ordinary
skill in the art, and is not further described herein. Vehicular
traffic data and information obtained from traffic reports are
handled manually and used for determining specific NTT
values on oriented road sections or the specific patterns to be
used. Vehicular traffic data and information from mobile
sensor sources is processed in a more elaborate way. As
previously indicated, above, in this description of the pre-
ferred embodiments, source 62 of the plurality of mobile
sensors is represented as a cellular phone network, being the
most complex one, but is generally applicable to other
mobile wireless communication networks or systems oper-
ating with a plurality of mobile sensors or electronic devices.

[0069] Specifically applicable to vehicular traffic data and
information associated with the mobile cellular phone net-
work source, there is identifying a path taken by each
vehicle and calculating a mean normalized travel time
(NTT) value for each oriented road section of oriented road
section network 14 (FIG. 1) using the prioritized, filtered,
and controlled vehicular traffic data and information, for
forming a partial current vehicular traffic situation picture
associated with the cellular phone network source.

[0070] TLocation readings acquired from mobile sensor
networks are the ‘footprints’ of the sensor’s track. When
footprints are inaccurate, they are represented by geometri-
cal areas, whose form and size depend on the particular
features of the locating method. In cellular phone networks,
footprints can be the cells themselves, with or without
time-advance data, and their graphic representation is by
segments of circle sectors whose coverage can reach dimen-
sions between tens and thousands of meters. Another type of
footprint associated with cellular phone networks is a cell-
handover, whose graphic representation is dictated by the
relative position of the two cells involved in the ‘handover’.

[0071] Specific characteristics of the location data
obtained from the variety of mobile sensor networks varies
with the network, whereby, method / system 10 accounts for
them in a generic way, by implementing statistical methods
and algorithms that rely on some assumptions as to the
reasonable behavior of vehicular drivers. The path of the
vehicle is deduced out of several consecutive readings. The
deduced path is the sequence of connected oriented road
sections that cross the location areas in the order of their
appearance, and which join into a logical route to take
between two points. In this step, some of the ‘noise’ is
discovered, for example, footprints that went beyond bounds
of a ‘sensible’ travel route. Additionally, those mobile sen-
sors that are not relevant for example, those carried in trains,
are also identified. Those single footprints or irrelevant
sample units are immediately rejected and their tracking is
stopped.

[0072] The NTTs of the vehicle on every section of the
deduced path is calculated using the timings of the foot-
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prints. The vehicle’s position on the road at the reading’s
moment is determined by introducing some additional
assumptions, like minimal acceleration and minimal veloc-
ity. The size of the footprints of a specific source influences
the resolution of the oriented road sections that can be
valued. Actually, the method emphasizes the more congested
roads, because they statistically offer more readings. Those
are identified even if they are minor roads, but, with worse
accuracy. However, there will always be smaller streets and
roads that this system will fail to exactly identify. Those
areas of smaller streets, confined and closed within higher
level arteries of the road network are referred to as ‘regions’
in the road network. Method / system 10 identifies ‘passage’
of the mobile sensor in such a region, and determines the
average NTT value in that region. Indetermination of spe-
cific streets within regions of the road network is insignifi-
cant for the purpose of implementing method / system 10,
because they usually behave in a similar way, otherwise
specific streets that are more congested would stand out in
the first place.

[0073] NTT values on an individual oriented section are
calculated using the results obtained from all mobile sensors
that passed that oriented road section, hence resulting in
statistically determined NTT values for each oriented road
section. The unification of the individual NTT values into a
determined value per oriented road section is done with
consideration of the confidence factor of each of the indi-
vidual data. This confidence factor is a function of the
accuracy, the amount of footprints, the error rate, and so on.

[0074] In the transition process from individual to com-
prehensive NTT values, an additional filtering stage takes
place. Irregularities of some sensors may again indicate
irrelevancy (stationed or slow moving vehicle, stop-and-go
vehicles like trash collectors, etc.) or error. Data from those
mobile sensors are rejected and filtered out of the continu-
ation in the processing of the data. The outcome of this step
in method / system 10 is an N'TT picture of the oriented road
sections for a certain time stamp, as calculated and assessed
out of the specific network of mobile sensors. Accordingly,
there is forming a partial current vehicular traffic situation
picture associated with each network source of mobile
Sensors.

[0075] As indicated in FIG. 1, prioritized, filtered, and
controlled, vehicular traffic data and information associated
with each source are transmitted from Sampler software
module 1 to NTT calculator software module 2. NTT
calculator software module 2 identifies the path taken by
every vehicle from the consecutive footsteps of the mobile
sensor associated with each vehicle. A small number of
low-accuracy locations can fit several possible paths, but
with each additional footstep of the vehicle, the number of
path alternatives is reduced, and the path is determined by
method / system 10 only when the set of footsteps points to
one path in high probability. The probability influences the
confidentiality of the path.

[0076] FIG. 3 is a pictorial diagram illustrating exemplary
results obtained from the process of path identification using
vehicular traffic data and information acquired from mobile
sensors of a cellular phone mobile communication network,
and, FIG. 4 is a pictorial diagram illustrating exemplary
results obtained from the process of path identification using
vehicular traffic data and information acquired from mobile
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sensors of an anti-theft mobile communication network. For
purposes of clarity, background 70 in FIG. 3, and, back-
ground 80 in FIG. 4, each corresponds to a GIS type
representation of road network 12 (FIG. 1).

[0077] Sectors, for example, sectors 72, 74, and, 76, in
FIG. 3, and, squares, for example, squares 82, 84, and, 86,
in FIG. 4, represent the footprints corresponding to the
tracking data obtained from the two different types of mobile
communication networks, that is, from a cellular phone
mobile communication network, and, from an anti-theft
mobile communication network respectively. Location
accuracy in FIGS. 3 and 4 is approximately 0.5-1.0 km. In
FIGS. 3 and 4, the path identified by NTT calculator
software module 2 of method 1 system 10 is indicated by the
dark lined path, that is, dark lined path 90 in FIG. 3, and,
dark lined path 100 in FIG. 4, which is exactly the one taken
by the vehicle, as shown by highly accurate readings,
indicated by the set of small solid diamonds 92 in FIG. 3,
and, by the set of small solid circles 102 in FIG. 4, obtained
from a GPS tracking system serving as control data.

[0078] Once a path is identified, the normalized travel
times (NTTs) values between the footsteps are calculated,
hence, NTT values of the plurality of oriented road sections
for an individual vehicle are assessed. At this stage, the
determined path of the mobile sensor may be identified as
crossing a ‘region’ of streets having low vehicular traffic
congestion. Ordinarily, footprint accuracy prevents identifi-
cation of specific streets in such a region. NTT calculator
software module 2 processes such regions as a special type
of oriented road section and allocates the region with a
calculated NTT wvalue that is a good average indicating
crossing time of the region, no matter which one of the inner
roads is traveled along by the vehicle.

[0079] In the next part of Step (d) of method / system 10,
individual NTT values calculated in a given processing
cycle for every oriented road section are accumulated and
statistically analyzed for providing a mean NTT value for
each respective oriented road section. Eventually, more than
one NTT (statistical ‘peak’) value is identified, thereby,
suggesting the possibility of different lanes having different
NTT values. Such a situation occurs, for example, when an
oriented road section has several lanes, each with a different
NTT value.

[0080] The overall data processing of Step (d) forms a
current snapshot of NTT values on part of road network 12,
and, thus, on part of oriented section network 14 (FIG. 1).
The partiality of the vehicular traffic situation picture origi-
nates from the fact that only a portion of the roads in road
network 12 are monitored in every calculation cycle. This
partial picture is fused in the next step, Step (e), with similar
partial current vehicular traffic situation pictures obtained
from other sources, if any, according to a particular appli-
cation of method / system 10, and, with specific reports
received from traffic control authorities and others. FIG. 5§
is a schematic diagram illustrating a partial current vehicular
traffic situation picture, generally indicated as 110, featuring
current NTT values, obtained from an exemplary network
source 62 (FIG. 2) of mobile sensor vehicular traffic data
and information, and indicated for each oriented road section
of an exemplary part of an oriented road section network 14
(FIG. 1).

[0081] In Step (e), there is fusing the partial current traffic
situation picture associated with each source, for generating
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a single complete current vehicular traffic situation picture
associated with the entire oriented road section network.

[0082] The partial current traffic situation picture associ-
ated with each source, for the plurality of sources of vehicu-
lar traffic data and information, is fused by a Fusion and
current Picture generator module 3, as indicated in FIG. 1,
for generating a single complete current vehicular traffic
situation picture associated with the entire oriented road
section network. Due to the generic procedures of the data
processing of method / system 10 (FIG. 1), representations
of the partial current traffic situation pictures obtained from
all mobile sources 62 are similar. Vehicular traffic data and
information acquired from other types of sources, for
example, acquired from sources 60 of fixed sensors, sources
64 of traffic reports by police or radio broadcasts of vehicu-
lar traffic data and information, and, sources 66, of other
types of vehicular traffic data and information, are respec-
tively processed. The acquiring of vehicular traffic data and
information from the variety of sources, and integrating or
fusing, by way of Fusion and current Picture generator
software module 3, into one coherent or complete single
current vehicular traffic situation picture is done in regular
time intervals. For example, in a non-limiting way, the
sequence of Steps (b) - (¢) is performed at a pre-determined
frequency in a range of from about once per every two
minutes to about once per every ten minutes.

[0083] ‘Final’ NTT values for each of the oriented road
sections is obtained by integrating or fusing NTT values
associated with all of the individual sources. NTT values
associated with each source are weighed with a confidence
factor appropriate for each respective source, where confi-
dence factors are determined by source parameters, such as
location accuracy, and, quality and quantity of sensors
quantity per source. This current vehicular traffic situation
picture is not yet complete, because only a sub-group of the
oriented road sections can be monitored at any particular
time interval. The gaps in the current partial vehicular traffic
situation picture are filled in using two procedures,
described as follows.

[0084] In the first procedure, gaps are filled in using NTT
values that are predicted, for those missing oriented road
sections, in previous cycles of the process, that is, in
previous time intervals of performing Steps (b) - (e) of
method / system 10. In the initial cycles of the process, some
default values are determined by the analysis of historical
vehicular traffic data and information, and road types. It is to
be emphasized, that this stage of the overall process is
continuously performed, and therefore, each single complete
current vehicular traffic situation picture associated with the
entire oriented road section network is based on the com-
bination of predictions and new vehicular traffic data and
information.

[0085] In the second procedure, gaps in the current partial
vehicular traffic situation picture are filled in by using a set
of vehicular traffic rules for describing the interdependence,
interrelation, and mutual correlation of vehicular traffic
parameters among the plurality of oriented road sections in
a particular region. Some of the vehicular traffic rules supply
default values of the vehicular traffic parameters. The
vehicular traffic rules are derived by, and based on, analyz-
ing historical vehicular traffic data and information.
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[0086] In Step (i), there is predicting a future complete
vehicular traffic situation picture associated with the entire
oriented road section network.

[0087] Predicting a future complete vehicular traffic situ-
ation picture associated with the entire oriented road section
network is performed by a Predictor software module 4, as
indicated in FIG. 1. From the previous step, Step (e), the
single complete current vehicular traffic situation picture
associated with the entire oriented road section network,
which is obtained by fusing the partial current traffic situa-
tion picture associated with each source, for the plurality of
sources of vehicular traffic data and information, serves as a
baseline or starting point for predicting future layers of
vehicular traffic situation pictures. Step (f) is performed at a
pre-determined frequency in a range of from about once per
every two minutes to about once per every ten minutes.
Typically, for implementation, in a non-limiting fashion, the
frequency of performing this step is usually less than the
frequency of performing Steps (b) - (e).

[0088] The concept of the model of the comprehensive
oriented road section network 14 (FIG. 1), dictates the
process and the set of prediction tools for implementing
method I system 10. Forming current vehicular traffic situ-
ation pictures, and forecasting or predicting future vehicular
traffic situation pictures, are determined with the aid of
vehicular traffic behavior patterns and rules, which are
generated by a Patterns and rules generator module 4, as
indicated in FIG. 1.

[0089] Vehicular traffic behavior patterns feature behavior
rules of individual oriented road sections and correlation
rules among the plurality of different oriented road sections,
of the entire oriented road section network 14. Accordingly,
by using both types of rules, the step of predicting a future
complete vehicular traffic situation picture associated with a
particular oriented road section in a region within the entire
oriented road section network, is influenced by both the
current vehicular traffic situation picture associated with that
particular oriented road section, and, by the plurality of
current vehicular traffic situation pictures associated with
other oriented road sections in the same region of the entire
oriented road section network.

[0090] FIG. 6 is a graph, general indicated as graph 120,
illustrating an example of vehicular traffic behavior associ-
ated with an exemplary oriented road section, in terms of
different NTT values plotted as a function of time. Infor-
mation featured in FIG. 6 demonstrates an example of an
event identification and its influence on prediction of a
future vehicular traffic situation picture. The vehicular traffic
behavior is associated with an exemplary oriented road
section out of historical vehicular traffic data and informa-
tion. When compared to calculated NTT values, indicated by
hollow circles, determined from actual data, a significant
discrepancy is observed. In this example, calculated NTT
values are significantly higher than pattern NTT wvalues,
indicated by solid squares, determined from the vehicular
traffic pattern based on historical vehicular traffic data and
information. The resulting correction prediction NTT wval-
ues, associated with the exemplary oriented road section, are
indicated by solid triangles. The correction prediction NTT
values are the NTT values that will be incorporated and
fused into layers of future vehicular traffic situation pictures,
associated with this particular oriented road section, for the
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‘prediction horizon’ time period. These layers are perma-
nently corrected with the formation of the current vehicular
traffic situation pictures in following processing cycles.

[0091] The continuously updated comprehensive and
complete current vehicular traffic situation picture serves as
a baseline of a three-dimensional vehicular traffic forecast
picture, where the horizontal plane represents the roadmap
and the vertical axis represents progression of time. The
three dimensional vehicular traffic situation picture is con-
structed from discreet layers of vehicular traffic situation
pictures, in time-intervals of a given processing cycle. The
lower layer vehicular traffic situation picture always corre-
sponds to the current time, and higher layers of vehicular
traffic situation pictures correspond to future predictions.

[0092] Future time layers are produced by operating pre-
diction tools that are products of the analysis of historical
vehicular traffic data and information. This analysis is an
on-going processing of the incoming vehicular traffic data
and information, and the main resulting tools are behavior
patterns and correlation rules. A behavior pattern of a
specific oriented road section describes the regular changing
of the associated NTT wvalues as a function of time, for
example, during minute and hourly progression of a day.
Every oriented road section has its own behavior pattern,
and different behavior patterns describe the behavior in
different circumstances, such as different days of the week,
holidays, special events, weather conditions, and so on.

[0093] A correlation rule determines the correlation and
interrelation of the vehicular traffic situation picture between
different oriented road sections as a function of time. Cor-
relation rules are mostly if-then rules. For example, they
represent the fact that ‘if® a road congestion is being
observed on oriented road section A, ‘then’, a similar road
congestion is expected to occur on oriented road section B
after a certain period of time. These rules are the outcome of
a data-mining operation, also known as an advanced data-
base searching procedure, on the historical vehicular traffic
data and information.

[0094] Oriented road sections tend to behave differently
even without the attachment of a certain characteristic to
each vehicular traffic behavior pattern. The observance of
values of the current vehicular traffic situation picture in
respect to optional vehicular traffic behavior patterns, and
the operation of vehicular traffic pattern recognition methods
determines the vehicular traffic pattern that describes the
behavior of the oriented road section at an instant of time.

[0095] Furthermore, while regular situations are handled
with these tools, unexpected vehicular traffic developments
are identified from the current vehicular traffic situation
pictures by comparing them to regular vehicular traffic
behavior patterns. The set of several recently calculated
NTT values on each oriented road section is compared to the
pattern that describes the behavior of this oriented road
section. Any significant discrepancy from the pattern acti-
vates a respective correction of the NTT values predicted for
this section in the near future. The corrections are assuming
continuous change rates and a ‘back-to-normal’ return after
a prediction horizon period, as previously described above
and graphically illustrated in FIG. 6. If the discrepancy
identified is the result of a major event with prolonged
influence, the acquired data in the subsequent processing
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cycles will prolong the correction period beyond the horizon
period, until the gap between the regular pattern values and
the acquired data is reduced.

[0096] Determination of the future behavior of individual
oriented road sections from their respective traffic behavior
patterns is integrated with the mutual horizontal influence of
adjacent oriented road sections using the previously
described correlation rules. These rules can predict for
example, the outcome of traffic events identified by the said
discrepancies, and, predict their propagation in time along
adjacent, and non-adjacent, oriented road sections.

[0097] In Step (g), there is using the current vehicular
traffic situation picture and the future vehicular traffic situ-
ation picture for providing a variety of vehicular traffic
related service applications to end users.

[0098] Method / system 10 (FIG. 1) of the present inven-
tion especially includes features for using the vehicular
traffic data and information for comprehensively, yet, accu-
rately and practicably, describing current and predicting
future vehicular traffic situations and scenarios, from which
the processed vehicular traffic data and information are used
for providing the variety of vehicular traffic related service
applications to the end users. Using the current vehicular
traffic situation picture and the future vehicular traffic situ-
ation picture, obtained from the previous processing steps of
method / system 10 (FIG. 1), for providing a variety of
vehicular traffic related service applications to end users, is
performed by a Service engine software module 5, as
indicated FIG. 1.

[0099] The unique structure of the three dimensional
vehicular traffic situation picture leads to a corresponding
method of analyzing it, in order to respond to traffic oriented
queries associated with a variety of traffic related service
applications. This analysis is performed by a designated
software module, Service engine software module 5, for a
variety of vehicular traffic related service applications 7, as
indicated in FIG. 1. This software engine is capable of
finding optimal routes between given points, estimating
travel times and initiating alerts and route alterations when
unexpected traffic events change the vehicular traffic situa-
tion picture. Any traffic related service application 7 featur-
ing such queries can receive the necessary vehicular traffic
data and information by simply connecting to Service engine
software module 5 through the appropriate interface. FIG. 7
and FIG. 8 show two exemplary ways in which three-
dimensional vehicular traffic situation pictures are used to
enhance providing traffic related service applications 7 to
end users.

[0100] FIG. 7 is a graphical diagram illustrating usage of
a three-dimensional vehicular traffic situation picture for
providing route recommendation types of traffic related
service applications to end users. In FIG. 7, three-dimen-
sional vehicular traffic situation picture, generally indicated
as 130, has each time-layer marked with its time-stamp
(t-axis). In a current time, represented by lowest layer 132,
a query arrives from a service application 7 (FIG. 1),
inquiring for the fastest route from A to B. A recommenda-
tion based on the current vehicular traffic situation picture
alone is shown by the dotted line on right hand graph 134.
With the three-dimensional prediction model, a parallel
recommendation analyzes the alternatives in a way that
every particular oriented road section is chosen in respect to
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the predicted vehicular traffic situation ‘at the time of
passage of that particular oriented road section’. The choice
of the oriented road section is a function both of its predicted
NTT value and the confidence factor of that prediction. This
last factor is determined for oriented road sections according
to the regularity, the stability, and, the fluctuation rate of the
historical behavior of each evaluated oriented road section.
Comparative results of using a static analysis and the
predictive analysis can be quite different, as shown in graph
134.

[0101] FIG. 8 is a graphical diagram illustrating usage of
a three-dimensional vehicular traffic situation picture for
providing traffic alerts and alternative route recommenda-
tion types of traffic related service applications to end users.
In FIG. 8, three-dimensional vehicular traffic situation pic-
ture, generally indicated as 140, has each time-layer marked
with its time-stamp (t-axis). FIG. 8 shows the same model
for initiation of alerts and recommendations of alternative
routes. The ‘unexpected’ traffic event 142 that happens at the
current lower layer, time, is way off the recommended route.
However, the correlation rules show that the influence of
unexpected traffic event 142 will propagate in time, resulting
in road congestion that will reach one of the oriented road
sections of the recommended route ‘at the time that the
vehicle is supposed to pass unexpected traffic event 142.
Therefore, an alert is sent to the driver with a recommen-
dation of one or more known alternative routes.

[0102] Method / system 10 of the present invention pro-
vides vehicular traffic data and information, and, provides a
variety of vehicular traffic related service applications to end
users, on the basis of existing infrastructure of vehicular
traffic data and information acquisition and collection, such
as by using a cellular phone mobile communication net-
work, and the construction of centralized dynamic vehicular
traffic situation pictures, both current and future, for a
geographical area within road network 12 (FIG. 1). The
character of the vehicular traffic data and information and
processing of it requires unique, elaborate, and comprehen-
sive, handling during the entire sequence of processing
steps, Steps (a) through (g), as is represented in the above
description. The present invention is implemented for
acquiring, modeling, and processing vehicular traffic data
and information, in order to be compatible with a wide
variety of end user types of traffic related service applica-
tions. Therefore, it is a main aspect of the present invention
that the ‘data providing mobile sensors’ are not limited to
being those which are associated with the particular end
users of such traffic related service applications. Hence,
acquiring the vehicular traffic data and information from the
data providing network does not depend at all on a specific
group of mobile sensor device carrying end users.

[0103] The final result of method / system 10 (FIG. 1) is,
therefore, a continuously on-going repetitive sequence of
generating dynamic vehicular traffic situation pictures. The
sequence is updated in pre-determined time intervals, as
previously described above, preferably, in a range of
between about once per every two minutes to about once per
every ten minutes. The described sequence of generating
dynamic three-dimensional vehicular traffic situation pic-
tures serves as a highly accurate and precise data base for
vehicular traffic related service applications.

[0104] While the invention has been described in conjunc-
tion with specific embodiments and examples thereof, it is
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evident that many alternatives, modifications and variations
will be apparent to those skilled in the art. Accordingly, it is
intended to embrace all such alternatives, modifications and
variations that fall within the spirit and broad scope of the
appended claims.

What is claimed is:
1. A method for modeling and processing vehicular traffic
data and information, comprising the steps of:

(2) transforming a spatial representation of a road network
into a network of spatially interdependent and interre-
lated oriented road sections, for forming an oriented
road section network;

(b) acquiring a variety of the vehicular traffic data and
information associated with said oriented road section
network, from a variety of sources;

(¢) prioritizing, filtering, and controlling, said vehicular
traffic data and information acquired from each of said
variety of sources;

(d) calculating a mean normalized travel time (NTT)
value for each said oriented road section of said ori-
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ented road section network using said prioritized, fil-
tered, and controlled, vehicular traffic data and infor-
mation associated with each said source, for forming a
partial current vehicular traffic situation picture asso-
ciated with each said source;

(e) fusing said partial current traffic situation picture
associated with each said source, for generating a
single complete current vehicular traffic situation pic-
ture associated with entire said oriented road section
network;

(f) predicting a fixture complete vehicular traffic situation
picture associated with said entire oriented road section
network; and

(g) using said current vehicular traffic situation picture
and said future vehicular traffic situation picture for
providing a variety of vehicular traffic related service
applications to end users.

2. A system for modeling and processing vehicular traffic

data and information, as substantially described herein.

#* #* #* #* #*
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