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(57) ABSTRACT

Various embodiments are described herein for systems and
methods of traffic management in a road network including
pathways and at least one intersection. In at least one
embodiment, the method comprises receiving data signals
from corresponding one or more connected vehicles and
generating an intersection model for each approach of each
intersection at a first time, where the intersection model
comprises estimated arrival times for incoming vehicles at
each approach. The method further comprises generating at
the first time, for each intersection, candidate traffic timing
data signals based at least on the intersection model corre-
sponding to all approaches at the intersection, and generat-
ing, at the first time, for each intersection, an optimized
traffic timing data signal, which is configured to control the
operation of one or more traffic signals at the intersection,
and is generated based on the candidate traffic timing data
signals and a predetermined optimization variable.
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SYSTEMS AND METHODS FOR MANAGING
TRAFFIC FLOW USING CONNECTED
VEHICLE DATA

[0001] This application claims the benefit of Provisional
Application Ser. No. 62/769,282, filed Nov. 19, 2018, which
is hereby incorporated herein by reference.

FIELD

[0002] The described embodiments relate to systems and
methods for managing traffic flow in a road network, and in
particular, to systems and methods for managing traffic flow
in the road network using connected vehicle data.

BACKGROUND

[0003] Conventional systems and methods for managing
traffic flow typically divert traffic away from congested
pathways (e.g. roads, highways) and propose alternative
routes to the vehicles to reach their destination. Typically,
conventional systems and methods prioritize the preferences
of each vehicle individually, without considering the overall
impact on the traffic, involving many vehicles, over a larger
geographical area. Consequently, the conventional systems
and methods are typically inefficient and ineffective. There
is a need for systems and methods to manage traffic flow in
an efficient and accurate manner.

SUMMARY

[0004] In one aspect of the disclosure, in at least one
embodiment described herein, there is provided a method of
traffic management in a road network including a plurality of
pathways and at least one intersection corresponding to two
or more of the plurality of pathways. The method is imple-
mented by a traffic management system including a proces-
sor and a memory coupled to the processor and configured
to store instructions executable by the processor. The
method comprises receiving, at the processor, a plurality of
data signals from a corresponding one or more connected
vehicles; generating, at the processor, an intersection model
for each approach of each intersection in the road network,
the intersection model being generated at a first time based
on the plurality of data signals, the intersection model
comprising estimated arrival times for incoming vehicles at
each approach at the first time; generating, at the processor
and at the first time, for each intersection, a plurality of
candidate traffic timing data signals for controlling an opera-
tion of one or more traffic signals at the intersection, the
plurality of candidate traffic timing data signals being gen-
erated based at least on the intersection model corresponding
to all approaches at the intersection; and generating, at the
processor and at the first time, for each intersection, an
optimized traffic timing data signal, the optimized traffic
timing data signal being configured to control the operation
of one or more traffic signals at the intersection, and being
generated based on the plurality of candidate traffic timing
data signals and at least one predetermined optimization
variable.

[0005] In some embodiments, the at least one predeter-
mined optimization variable minimizes an overall arrival
time corresponding to that intersection.

[0006] In some other embodiments, the at least one pre-
determined optimization variable minimizes an overall
travel time corresponding to the road network.
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[0007] In some embodiments, the method comprises gen-
erating, at the processor and at the first time, a routing signal
for a connected vehicle, the routing signal being configured
to route the connected vehicle between a current location
and a destination location associated with the connected
vehicle, the routing signal being based at least on a prede-
termined routing variable, the plurality of data signals and
the optimized traffic timing data signals.

[0008] In some embodiments, the predetermined routing
variable is configured to minimize an overall travel time
between the current location and the destination location of
the connected vehicle.

[0009] In some other embodiments, the predetermined
routing variable is configured to minimize an overall travel
time associated with the one or more connected vehicles in
the road network.

[0010] In some embodiments, at least some data signals
comprise an originating location and a destination location
of the corresponding connected vehicle.

[0011] In some embodiments, the method further com-
prises receiving, at the processor, one or more infrastructure
data signals comprising traffic information detected by one
or more sensors along the road network.

[0012] In some embodiments, at least one data signal
comprises a current location of an unconnected vehicle.
[0013] In some embodiments, the method further com-
prises generating, at the processor, for each intersection, a
plurality of intermediate traffic timing data signals from the
plurality of candidate traffic timing data signals based on one
or more traffic signal control parameters.

[0014] In some embodiments, at least one traffic signal
control parameter corresponds to a regulation standard.
[0015] In some embodiments, the first time is a predeter-
mined range of time.

[0016] In some other embodiments, the first time in a
predetermined instance of time.

[0017] In some embodiments, the method further com-
prises receiving, at the processor, a feedback signal from a
driver of the connected vehicle.

[0018] In another aspect of the disclosure, in at least one
embodiment described herein, there is provided a traffic
management system for managing traffic in a road network
including a plurality of pathways and at least one intersec-
tion corresponding to two or more of the plurality of
pathways. The traffic management system comprises a pro-
cessor unit; and a memory unit coupled to the processor unit
and configured to store instructions executable by the pro-
cessor unit, the processor unit being configured to: receive
a plurality of data signals from a corresponding one or more
connected vehicles; generate an intersection model for each
approach of each intersection in the road network, the
intersection model being generated at a first time based on
the plurality of data signals, the intersection model com-
prising estimated arrival times for incoming vehicles at each
approach at the first time; generate at the first time, for each
intersection, a plurality of candidate traffic timing data
signals for controlling an operation of one or more traffic
signals at the intersection, the plurality of candidate traffic
timing data signals being generated based at least on the
intersection model corresponding to all approaches at the
intersection; and generate at the first time, for each inter-
section, an optimized traffic timing data signal, the opti-
mized traffic timing data signal being configured to control
the operation of one or more traffic signals at the intersec-
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tion, and being generated based on the plurality of candidate
traffic timing data signals and at least one predetermined
optimization variable.

[0019] In some embodiments, the at least one predeter-
mined optimization variable minimizes an overall arrival
time corresponding to that intersection.

[0020] In some other embodiments, the at least one pre-
determined optimization variable minimizes an overall
travel time corresponding to the road network.

[0021] In various embodiments, the processor unit is fur-
ther configured to generate, at the first time, a routing signal
for the connected vehicle, the routing signal being config-
ured to route the connected vehicle between a current
location and a destination location associated with the
connected vehicle, the routing signal being based at least on
a predetermined routing variable, the plurality of data sig-
nals and the optimized traffic timing data signals.

[0022] In some embodiments, the predetermined routing
variable is configured to minimize an overall travel time
between the current location and the destination location of
the connected vehicle.

[0023] In some other embodiments, the predetermined
routing variable is configured to minimize an overall travel
time associated with the one or more connected vehicles in
the road network.

[0024] In some embodiments, at least some data signals
comprise an originating location and a destination location
of the corresponding connected vehicle.

[0025] In some other embodiments, the processor unit is
further configured to receive one or more infrastructure data
signals comprising traffic information detected by one or
more sensors along the road network.

[0026] In some embodiments, at least one data signal
comprises a current location of an unconnected vehicle.
[0027] In some other embodiments, the processor unit is
further configured to generate, for each intersection, a plu-
rality of intermediate traffic timing data signals from the
plurality of candidate traffic timing data signals based on one
or more traffic signal control parameters.

[0028] In some embodiments, at least one traffic signal
control parameter corresponds to a regulation standard.
[0029] In some embodiments, the first time is a predeter-
mined range of time.

[0030] In some other embodiments, the first time in a
predetermined instance of time.

[0031] In various embodiments, the processor unit is con-
figured to perform other methods as described above.
[0032] In a further aspect of the disclosure, in at least one
embodiment described herein, there is provided a computer-
readable medium storing computer-executable instructions,
the instructions for causing a processor to perform a method
of managing traffic over a road network, where the method
comprises receiving, at the processor, a plurality of data
signals from a corresponding one or more connected
vehicles; generating, at the processor, an intersection model
for each approach of each intersection in the road network,
the intersection model being generated at a first time based
on the plurality of data signals, the intersection model
comprising estimated arrival times for incoming vehicles at
each approach at the first time; generating, at the processor
and at the first time, for each intersection, a plurality of
candidate traffic timing data signals for controlling an opera-
tion of one or more traffic signals at the intersection, the
plurality of candidate traffic timing data signals being gen-
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erated based at least on the intersection model corresponding
to all approaches at the intersection; and generating, at the
processor and at the first time, for each intersection, an
optimized traffic timing data signal, the optimized traffic
timing data signal being configured to control the operation
of one or more traffic signals at the intersection, and being
generated based on the plurality of candidate traffic timing
data signals and at least one predetermined optimization
variable.

[0033] In various embodiments, the processor is config-
ured to perform other methods as described above.

[0034] Other features and advantages of the present appli-
cation will become apparent from the following detailed
description taken together with the accompanying drawings.
It should be understood, however, that the detailed descrip-
tion and the specific examples, while indicating preferred
embodiments of the application, are given by way of illus-
tration only, since various changes and modifications within
the spirit and scope of the application will become apparent
to those skilled in the art from the detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] For a better understanding of the various embodi-
ments described herein, and to show more clearly how these
various embodiments may be carried into effect, reference
will be made, by way of example, to the accompanying
drawings which show at least one example embodiment and
the figures will now be briefly described.

[0036] FIG. 1 shows a road network according to one
example;
[0037] FIG. 2 is an example of a block diagram of a traffic

management platform;

[0038] FIG. 3A shows a representation of the predictive
arrival times of vehicles at an intersection according to an
example;

[0039] FIG. 3B shows a representation of the predictive
arrival times of vehicles at an intersection according to
another example;

[0040] FIG. 4A shows an example of data flow associated
with a traffic data aggregator system;

[0041] FIG. 4B shows another example of data flow
associated with a traffic data aggregator system;

[0042] FIG. 4C shows a further example of data flow
associated with a traffic data aggregator system;

[0043] FIG. 5 shows an example of a block diagram of a
traffic data aggregator system;

[0044] FIG. 6 shows an example of a process flow diagram
for the traffic data aggregator system of FIG. 5;

[0045] FIG. 7 shows an example of a block diagram of a
traffic signal control system;

[0046] FIG. 8 shows an example of a process flow diagram
for the traffic signal control system of FIG. 7;

[0047] FIG. 9 shows an example of a block diagram for a
route optimization system; and

[0048] FIG. 10 shows an example of a process flow
diagram for the route optimization system of FIG. 9.
[0049] The skilled person in the art will understand that
the drawings, described below, are for illustration purposes
only. The drawings are not intended to limit the scope of the
applicants’ teachings in anyway. Also, it will be appreciated
that for simplicity and clarity of illustration, elements shown
in the figures have not necessarily been drawn to scale. For
example, the dimensions of some of the elements may be
exaggerated relative to other elements for clarity. Further,



US 2020/0160701 Al

where considered appropriate, reference numerals may be
repeated among the figures to indicate corresponding or
analogous elements.

DESCRIPTION OF VARIOUS EMBODIMENTS

[0050] It will be appreciated that for simplicity and clarity
of illustration, where considered appropriate, reference
numerals may be repeated among the figures to indicate
corresponding or analogous elements or steps. In addition,
numerous specific details are set forth in order to provide a
thorough understanding of the exemplary embodiments
described herein. However, it will be understood by those of
ordinary skill in the art that the embodiments described
herein may be practiced without these specific details. In
other instances, well-known methods, procedures and com-
ponents have not been described in detail since these are
known to those skilled in the art. Furthermore, it should be
noted that this description is not intended to limit the scope
of the embodiments described herein, but rather as merely
describing one or more exemplary implementations.
[0051] It should also be noted that the terms “coupled” or
“coupling” as used herein can have several different mean-
ings depending in the context in which these terms are used.
For example, the terms coupled or coupling may be used to
indicate that an element or device can electrically, optically,
or wirelessly send data to another element or device as well
as receive data from another element or device.

[0052] The example embodiments of the systems and
methods described herein may be implemented as a combi-
nation of hardware or software. In some cases, the example
embodiments described herein may be implemented, at least
in part, by using one or more computer programs, executing
on one or more programmable devices comprising at least
one processing element, and a data storage element (includ-
ing volatile memory, non-volatile memory, storage ele-
ments, or any combination thereof). These devices may also
have at least one input device (e.g. a keyboard, mouse,
touchscreen, or the like), and at least one output device (e.g.
a display screen, a printer, a wireless radio, or the like)
depending on the nature of the device.

[0053] It should also be noted that there may be some
elements that are used to implement at least part of one of
the embodiments described herein that may be implemented
via software that is written in a high-level computer pro-
gramming language such as one that employs an object
oriented paradigm. Accordingly, the program code may be
written in Java, C++ or any other suitable programming
language and may comprise modules or classes, as is known
to those skilled in object oriented programming. Alterna-
tively, or in addition thereto, some of these elements imple-
mented via software may be written in assembly language,
machine language or firmware as needed. In either case, the
language may be a compiled or interpreted language.
[0054] At least some of these software programs may be
stored on a storage media (e.g. a computer readable medium
such as, but not limited to, ROM, magnetic disk, optical
disc) or a device that is readable by a general or special
purpose programmable device. The software program code,
when read by the programmable device, configures the
programmable device to operate in a new, specific and
predefined manner in order to perform at least one of the
methods described herein.

[0055] Furthermore, at least some of the programs asso-
ciated with the systems and methods of the embodiments
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described herein may be capable of being distributed in a
computer program product comprising a computer readable
medium that bears computer usable instructions for one or
more processors. The medium may be provided in various
forms, including non-transitory forms such as, but not
limited to, one or more diskettes, compact disks, tapes,
chips, and magnetic and electronic storage.

[0056] The various embodiments disclosed herein gener-
ally relate to systems and methods for managing traffic flow
in a road network using connected vehicle data. In at least
one embodiment, a real-time traffic management platform
configured to utilize real-time trip information provided by
connected vehicles to manage an efficient traffic flow is
disclosed.

[0057] Referring to FIG. 1, and by way of a general
overview, there is a road network 100 that provides a
pathway for vehicles 120. The pathway for vehicles may be,
or may be called, a road, a highway, a freeway, a carriage-
way, a dual-carriageway, an autobahn, an autoroute, or a
track, or such other synonym as may be. The pathway may
be a single lane, a double lane, or more than two lanes. The
pathway has a set of access points 105 which includes at
least one entrance location 110 and at least one exit locations
115 at which a vehicle 120 may enter or leave the pathway.
Typically, there may be many entrance and exit locations. In
some cases, an access point 105 may be both an entrance
location and an exit location. The vehicle 120 may enter the
pathway at any entrance, and may exit the pathway at any
exit. That is, the vehicle 120 may travel along the entire
length of the pathway, or along only some portion thereof.
[0058] The pathways referred to herein include at least one
intersection. An intersection is described as a junction where
two or more roads meet or cross. The intersection may be a
three-way intersection (e.g. a “T” ora ‘Y’ junction, or a fork),
a four-way intersection, or even as high as a seven-way
intersection, etc., where each ‘way’ in an intersection is
referred to as an ‘approach’. In various embodiments dis-
closed herein, each intersection has one or more correspond-
ing traffic lights (or traffic signals) for one or more
approaches at the intersection.

[0059] Vehicles 120 may be human driven vehicles, semi-
autonomous vehicles with self-driving capabilities or fully-
autonomous vehicles. Some of the vehicles 120 using the
road network 100 may be connected vehicles. By ‘con-
nected’ it is meant that the vehicles 120 are monitored by a
central server or a combination of servers so that various
vehicle specific factors, while the vehicle is in commute, are
available to the central server. Such factors may include one
or more of the following information, such as origin location
of the vehicle, destination location of the vehicle, current
location of the vehicle, speed of the vehicle, type of the
vehicle, size of the vehicle, or a combination of these, etc.
Such vehicle specific factors received from various con-
nected vehicles helps in optimizing the traffic flow on the
road network 100.

[0060] The various embodiments disclosed herein may
provide a multitude of advantages related to traffic manage-
ment. For example, the disclosed embodiments may provide
an advantage of an overall reduced travel time, which may
further result in reduction of direct and indirect cost of
waiting in congested traffic.

[0061] In another example, the disclosed embodiments
may provide an advantage of reduction in a number of stops
a vehicle has to make while on the road. This may reduce
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wear and tear costs, and other damages, associated with the
vehicles. This may also increase vehicle safety due to the
fewer stops required to be made by the vehicle and fewer
number of decisions required to be made by the driver or a
rider (in case of a self-driving vehicle).

[0062] In some cases, the various embodiments disclosed
herein may also provide an advantage of an overall reduc-
tion of greenhouse gas emissions by the various connected
vehicles. The various embodiments disclosed herein may
also provide advantages of dynamic tolling implementation
and efficient network load balancing.

[0063] Reference is made to FIG. 2, which illustrates a
block diagram of a traffic management platform 200 in
accordance with an example embodiment. The traffic man-
agement platform 200 is provided as an example and there
can be other embodiments of platform 200 with different
components or a different configuration of the components
described herein.

[0064] As illustrated, traffic management platform 200
includes a plurality of vehicles 120, where some are con-
nected vehicles 240 and some are unconnected vehicles 245.
Traffic management platform 200 further includes a traffic
management system 250 that comprises a network 205, a
traffic data aggregator system 210, a traffic signal control
system 215 and an external routing system 225. The traffic
management platform 200 may additionally include a regu-
lation system 220, a route optimization system 230 and an
infrastructure data system 235.

[0065] In the illustrated embodiment, the connected
vehicles 240 are those that are capable of interacting with the
traffic management system 250 via the network 205.

[0066] Network 205 may be any network or network
components capable of carrying data including the Internet,
Ethernet, plain old telephone service (POTS) line, public
switch telephone network (PSTN), integrated services digi-
tal network (ISDN), digital subscriber line (DSL), coaxial
cable, fiber optics, satellite, mobile, wireless (e.g. Wi-Fi,
WiMAX), SS7 signaling network, fixed line, local area
network (LAN), wide area network (WAN), a direct point-
to-point connection, mobile data networks (e.g., Universal
Mobile Telecommunications System (UMTS), 3GPP Long-
Term Evolution Advanced (LTE Advanced), 5G, Worldwide
Interoperability for Microwave Access (WiMAX), etc.),
radiofrequency identification (RFID) systems, near fre-
quency communication (NFC) enabled networks, short-
wavelength wireless communication networks (e.g. Blu-
etooth®), Dedicated Short Range Communication (DSRC)
and others, including any combination of these. The various
components of the traffic management platform 200 interact
with each other via the network 205.

[0067] The traffic management system 250 is a networked
computing system that includes a processor and memory.
The memory of the traffic management system 250 is
configured to store instructions executable by the processor.
The traffic management system 250 may be a single system
or a combination of various sub-systems as illustrated in
FIG. 2A. The various sub-systems may be located at one
location or distributed over a geographical area.

[0068] The traffic management system 250 is configured
to receive real-time vehicle information from various
sources, including connected vehicles 240, in order to man-
age the traffic flow over a predetermined geographical area.
The predetermined geographical area may include a path-
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way, a combination of pathways, a postal code, a town, a
city, a province, or any other subset of a road network, such
as road network 100.

[0069] In various embodiments, the traffic management
system 250 is configured to minimize an aggregated mea-
surement of congestion burden function associated with a
road network 100. The traffic management system 250 may
be configured to assess the aggregate congestion burden by
using time delay or wait time as a proxy for congestion cost.
The wait time may be determined based on total number of
vehicles, vehicle types or number of passengers.

[0070] In various embodiments, the traffic management
system 250 is configured to assess the aggregated congestion
burden based on the estimated queue and estimated arrival
rate of vehicles at a given intersection along a given time-
line.

[0071] In various embodiments, the traffic management
system 250 is configured to minimize the aggregate con-
gestion burden associated with the road network 100 by
optimizing traffic signal timing or optimizing vehicles
routes, or both, as discussed in detail below.

[0072] As illustrated in FIG. 2, the traffic management
system 250 includes a traffic data aggregator system 210.
The traffic data aggregator system 210 is a networked
computing device or a server including a processor and
memory, and is capable of communicating with a network,
such as network 205. The traffic data aggregator system 210
may alternatively be a distributed system including more
than one networked computing devices or servers capable of
communicating with each other. The distributed system
implementation of the traffic data aggregator system 210
may have one or more processors with computing process-
ing abilities and memory such as a database(s) or file
system(s).

[0073] In various embodiments, the traffic data aggregator
system 210 is configured to aggregate real-time trip infor-
mation received from the various connected vehicles 240. In
various cases, the traffic data aggregator system 210 is
configured to estimate the arrival times of incoming vehicles
at the various intersections in a predetermined monitored
geographical area. More particularly, the traffic data aggre-
gator system 210 is configured to estimate the arrival times
of incoming vehicles at each approach of each intersection
in a predetermined monitored geographical area. The traffic
data aggregator system 210 may be configured to determine
the arrival times to a high degree of precision by continu-
ously updating the arrival times for each intersection or each
approach.

[0074] The frequency of update of the arrival times may
be pre-determined. For example, in some cases, the traffic
data aggregator system 210 may be configured to determine
the arrival times of various incoming vehicles at each
approach of an intersection every few microseconds, sec-
onds, minutes, or some other pre-selected denomination of
time.

[0075] In some cases, the traffic data aggregator system
210 is configured to determine the arrival times of various
incoming vehicles at each approach of an intersection for
each movement of the vehicles.

[0076] In some embodiments, the traffic data aggregator
system 210 is configured to aggregate trip information
received in relation to both the connected 240 and uncon-
nected 245 vehicles. For example, in some cases, the con-
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nected vehicles 240 may have capabilities to monitor sur-
rounding objects, including other connected 240 and
unconnected 245 vehicles.

[0077] In one embodiment, one or more connected
vehicles 240 includes a sensory system, such as an advanced
driver assistance system or ADAS system or a self-driving
sensory system, that is configured to detect surrounding
objects and do basic classification of such objects, such as
into pedestrian or vehicle, or specific type of vehicle etc. In
some other embodiments, one or more connected vehicles
240 may have other systems, devices or sensors, such as
infrared sensors, image capturing devices, etc. to determine
and potentially classify surrounding objects.

[0078] The traffic data aggregator system 210 is config-
ured to receive data signals from one or more data sources
provided within the connected vehicles 240, via network
205. Such data signals may include vehicle trip information
when the vehicle 240 is on a pathway in the road network
100. For example, data signals may include one or more
items such as origin location of the vehicle 240, destination
location of the vehicle 240, current location of the vehicle
240, speed of the vehicle 240, type of the vehicle 240, size
of the vehicle 240, etc.

[0079] One or more data sources configured to provide
data signals include one or more sensors or devices located
within each connected vehicle 240, such as an engine control
unit (ECU), GPS sensor, accelerometer, engine speed sensor,
voltage sensor, seat belt sensor, temperature sensor, and
other such sources.

[0080] Insome cases, the data signals received from some
or all of the connected vehicles 240 may include the travel
route of the connected vehicle 240. In some other cases, the
data signals received from some or all of the connected
vehicles 240 may include information pertaining to arrival
time at some or all intersections along the route of the
connected vehicle 240.

[0081] The traffic data aggregator system 210 may be
additionally configured to receive historical information
about arrival times and volume at various intersections or
approaches in a road network 100. Such historical informa-
tion may be categorized based on time of the day, day of the
week, month of the year, different weather patterns, etc.
Such information may be received as data signals from the
external database, stored internally within the system 210, or
a combination of both.

[0082] In some cases, the traffic data aggregator system
210 is configured to assign a different weight to the historical
information based on different criteria. For example, if the
traffic data aggregator system 210 is generating an arrival
time or volume prediction for far-future time instances, then
the historical information is assigned a greater weight than
if the predictions were being generated for a near-future time
instance. Other criteria affecting the weight assigned to the
historical information may include the origin location, des-
tination location, actual and predictive weather for the day,
time of the day, day of the month, month of the year, profile
of the pathway, and other such factors that can affect traffic.
The weight adjustments as discussed above may provide the
advantage of lowering the volatility of far-future predic-
tions.

[0083] The traffic management system 250 is configured
to receive the various data signals and create an intersection
model for various intersections (including some or all) over
a road network 100. The intersection model may include
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estimated queues, by length or time; estimated vehicle
arrival times; and a predicted future timeline of traffic at the
intersections.

[0084] Reference is briefly made to FIGS. 3A and 3B,
which illustrate examples of graphical representation of
intersection models for a particular approach of an intersec-
tion over a duration of time. For example, FIG. 3 A illustrates
an example of graphical representation of an intersection
model for an approach at a first time instance, where
time=T,. FIG. 3B illustrates an example of graphical rep-
resentation of an intersection model for the same approach
as FIG. 3A at a second time instance, where time=T,. The
intersection models of FIGS. 3A and 3B show the arrival
times and estimated queue lengths of various connected or
unconnected vehicles over a timeline.

[0085] As illustrated in FIG. 3A, the graphical represen-
tation 300A shows the number of vehicles 305 approaching
a corresponding approach over a timeline 310. The timeline
310 may extend over a few seconds, minutes or hours.

[0086] In the example illustrated in FIG. 3A, the number
of vehicles 305a expected to arrive at a particular approach
at time t; may be 30, the number of vehicles 3055 expected
to arrive at the same approach at time t, may be 10, the
number of vehicles 305¢ expected to arrive at the same
approach at time t; may also be 10, and so on. As illustrated,
this prediction is generated at time T, 315.

[0087] At time T, 320, the traffic data aggregator system
210 updates the intersection model, as illustrated in FIG. 3B.
Time T, is an instance of time that occurs after time T, of
FIG. 3A. In the illustrated example, at time T, the graphical
representation of the prediction of traffic arrival times is
provided in graph 300B. At time t,, the number of vehicles
3054 expected to arrive at the approach is 20. At times t, and
time t;, no vehicles are expected to arrive at the approach.
But at time t,, 30 vehicles 305¢ are expected to arrive at the
approach. It will be appreciated that the discussion above is
intended to provide non-limiting examples of intersection
models generated by the traffic data aggregator system 210.

[0088] Reference is next made to FIGS. 4A-4C, which
illustrate various examples of data flow 400A-400C associ-
ated with the traffic data aggregator system 210.

[0089] In the example illustrated in FIG. 4A, the traffic
data aggregator system 210 is configured to receive trip
information signals 405 from connected vehicles 240 and
about connected vehicles 240 only.

[0090] In some cases, such trip information signals 405
may include the origin and destination information associ-
ated with a connected vehicle 240. In some other cases, the
trip information signals 405 may include real-time location
information (e.g. via GPS) of the connected vehicle 240. In
some further cases, the trip information signals 405 may
additionally include speed information associated with the
connected vehicle 240. In some other cases, the trip infor-
mation signals 405 may include the route information asso-
ciated with the connected vehicle 240.

[0091] In at least one embodiment, the trip information
signal 405 received from the connected vehicles is used to
determine the arrival times of the connected vehicles at the
corresponding intersections along the path of the connected
vehicles between the origin and destination locations. For
example, if a connected vehicle encounters five intersections
between the origin location and destination location, then
the trip information signal 405 received from the connected
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vehicle is used to determine the estimated arrival time of the
connected vehicle at each of the intersections along the path
of the connected vehicle.

[0092] In at least one embodiment, the connected vehicle
240 is capable of determining the estimated arrival time at
each intersection along the path of the connected vehicle
240. In such cases, the trip information signal 405 received
by the system 210 includes the estimated arrival times
associated with the corresponding connected vehicle 240.

[0093] As illustrated, the traffic data aggregator system
210 uses the information contained in the trip information
signals 405 to determine an overall map 420A of the various
connected vehicles 240 at various intersections over a pre-
determined area of the road network 100. The predetermined
area may be a town, a city, a postal code or even a province
or a country. The overall map 420A is generated based on
individual intersection models associated with each
approach of some or all intersections over the predetermined
area.

[0094] Another example is illustrated in FIG. 4B, where
the data flow 400B associated with the traffic data aggregator
system 210 includes trip information signals 405 and sec-
ondary information signals 410 from the connected vehicles
240.

[0095] Secondary information signal 410 relates to trip
information gathered by the connected vehicles with respect
to other objects in their vicinity. As discussed above, some
connected vehicles 240 may have sensors or systems that are
capable to detecting other vehicles, connected 240 or uncon-
nected 245, in the vicinity of the connected vehicle 240. The
connected vehicle 240 may be able to detect the types of
vehicle in the vicinity, the speeds of the vehicles in the
vicinity, the pedestrians around the connected vehicles, the
speed limits associated with the pathways, etc.

[0096] By providing secondary information signals 410 to
the traffic data aggregator system 210, the traffic data
aggregator system 210 is configured to provide a detailed
map 420B of the road network 100. The detailed map 420B
differs from 420A in that it includes estimated arrival times
of some unconnected vehicles as well. An advantage of the
secondary information signal 410 is that even with low a
penetration of connected vehicles 240, the traffic data aggre-
gator system 210 is capable of mapping out the pathways to
a greater degree of accuracy.

[0097] Reference is next made to FIG. 4C, which illus-
trates another example of data flow 400C associated with the
traffic data aggregator system 210. Data flow 400C shows
that in addition to traffic information signal 405 and sec-
ondary information signal 410 from the connected vehicles,
the traffic data aggregator system 210 is also configured to
receive infrastructure data signal 415.

[0098] Infrastructure data signals 415 may be received
from infrastructure data systems 235, and may include
information detected by cameras (image-capturing sensors),
traffic radars, LIDARs, DSRC Roadside units (RSU), or
other sensors provided along various pathways in the road
network. For example, major intersections typically have
cameras to detect vehicle speeds in order to issue citations
if the speed rules are violated. Infrastructure data systems
235 may include sensors or devices that are capable of
monitoring or surveilling various pathways in a road net-
work.
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[0099] By incorporating the information from the infor-
mation data signals 415, the overall map 420C generated by
the traffic data aggregator system 210 is even more accurate
and complete.

[0100] The overall maps 420A-420C may additionally
include reporting data such as total vehicle count, average
speed per intersection, average travel time per intersection,
etc. Similar reporting data may be generated for the various
intersections along a particular predefined path, or over the
entire road network.

[0101] Reference is next made to FIG. 5, which illustrates
a block diagram 500 of a traffic data aggregator system, such
as the traffic data aggregator system 210, according to an
example. The block diagram 500 of the traffic data aggre-
gator system comprises a processing unit 505, a memory
unit 510 and a network unit 515. The memory unit 505 can
include RAM, ROM, one or more hard drives, one or more
flash drives or some other suitable data storage elements
such as disk drives, etc. The memory unit 515 is used to store
an operating system 520 and programs 522 as is commonly
known by those skilled in the art. For instance, the operating
system 520 provides various basic operational processes for
the operation of the traffic data aggregator system.

[0102] The memory unit 515 may also accept data from
one of the data input module 530, the intersection model
module 535, the overall map module 540 and update module
545.

[0103] The data input module 530 is configured to receive
data signals from various sources, including connected
vehicles, external databases, etc. The data signals may
include traffic information signals 405 as discussed above.
The data signals may additionally include secondary infor-
mation signals 410, infrastructure data signals 415, or both,
as discussed above.

[0104] The intersection model module 535 is configured to
generate an intersection model per approach intersection in
a road network. For each intersection, the intersection model
may include estimated arrival times of the various connected
or unconnected vehicles, and/or average queue lengths at
various time instances, including future time instances, at
each approach of the intersection.

[0105] The overall map module 540 is configured to
generate an overall map of two or more intersections in a
predefined area within the entire road network. The overall
map may be generated for each connected vehicle to show
the state of traffic flow at various intersections along the path
of travel for the connected vehicle. Other maps, covering
other predefined areas in a road network, may also be
generated by the module 540.

[0106] The update module 545 is configured to determine
if a predetermined duration of time since the previous
intersection model or overall map generation has expired.
The update module 545 may be configured to update the
intersection model every few seconds or minutes to make
sure that the traffic flow information stays relevant.

[0107] Reference is next made to FIG. 6, which illustrates
an example of a process flow diagram 600 of a traffic data
aggregator system, such as the traffic data aggregator system
210 of FIG. 2 according to the teachings herein.

[0108] Process flow 600 begins at 605, where the traffic
data aggregator system receives data signals from various
sources, such as connected vehicles, external databases, etc.
The data signals may include trip specific information
associated with the connected vehicles, secondary informa-
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tion about surrounding connected or unconnected vehicles,
intersection or pathway specific infrastructure from external
sources, or a combination of these.

[0109] At 610, the traffic data aggregator system processes
the received data signals and generates an intersection model
for each approach at some or all intersections in a road
network. The intersection model may include estimated
arrival times of the various connected or unconnected
vehicles at each approach at an intersection, average queue
lengths at a time instance at each approach at the intersec-
tion, predicted future timeline of traffic at each approach at
the intersection or a combination of these.

[0110] At 615, the traffic data aggregator system compiles
the intersection models generated for each approach or
intersection, and generate an overall map of the various
intersections in a road network. In some cases, the overall
map may be generated for a predefined geographical area
that may include two or more intersections, but may be a
smaller area than the entire road network.

[0111] At 620, the traffic data aggregator system deter-
mines if a predetermined duration of time since the previous
generation of the intersection model or the overall map has
expired. If so, then the process proceeds to 605, where the
new data signals are received by the traffic data aggregator
system to generate updated intersection models and road
network maps. If not, then the process proceeds to 625,
where the overall map and optionally the intersection mod-
els are stored in the memory within the traffic data aggre-
gator system.

[0112] Reference is against made to FIG. 2, which illus-
trates a traffic signal control system 215 in the traffic
management system 250.

[0113] The traffic signal control system 215 is a networked
computing device or a server including a processor and
memory, and is capable of communicating with a network,
such as network 205. The traffic signal control system 215
may alternatively be a distributed system including more
than one networked computing devices or servers capable of
communicating with each other. The distributed system
implementation of the traffic signal control system 215 may
have one or more processors with computing processing
abilities and memory such as a database(s) or file system(s).
[0114] In various embodiments disclosed herein, the traffic
signal control system 215 is configured to interact with the
traffic data aggregator system 210, and use the generated
intersection models for various approaches to control the
traffic lights at one or more intersections.

[0115] In at least one embodiment, the traffic signal con-
trol system 215 is configured to receive the vehicle arrival
time information for each intersection it controls and adjust
signal timings at the intersections with a goal to optimize the
aggregated congestion burden.

[0116] The traffic signal control system 215 may control
the traffic lights at each intersection by controlling the time
instances when the one or more traffic lights at each inter-
section turns red, green and yellow. The traffic signal control
system 215 may further determine the duration of time for
which the right turn signal or the left turn signal should be
activated.

[0117] In some cases, the traffic signal control system 215
generates one traffic timing data signal for all traffic lights at
an intersection. In some other cases, the traffic signal control
system 215 generates one traffic timing data signal for each
traffic light at an intersection. In both scenarios, the traffic
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timing data signal includes instructions to control the opera-
tion of the traffic lights at an intersection.

[0118] In various cases, the traffic signal control system
215 controls the operation of the traffic lights at an inter-
sections based on restrictions associated with traffic signal
operation. Such restrictions may be stored and provided by
a regulation system operated and maintained by a regulation
authority or a third party receiving information form a
regulation authority, such as the regulation system 220.
[0119] A regulation authority may include any regional,
provincial, federal and/or international (e.g. United Nations)
body. Regulation system 220 is configured to provide regu-
latory information, such as standards, codes, statues, regu-
lations, policies, laws etc., corresponding to operation of
traffic signals at an intersection.

[0120] Some non-limiting examples of information pro-
vided by the regulation system 220 include phase minimum
parameter, phase maximum parameter, pedestrian crossing
parameter, corridor phase coordination parameter etc. The
phase minimum parameter may specify the minimum
required duration of time for which each phase (e.g. green
signal, red signal, left turn signal, right turn signal etc.)
should last. Similarly, the phase maximum parameter may
specify the maximum required duration of time for which
each phase should last. Minimum pedestrian crossing
parameter may specify the minimum required duration of
time for which the pedestrian crossing at a given intersection
should be active.

[0121] Corridor phase coordination parameter governs the
operation of traffic signals in a predefined corridor, where
the corridor may be described as a combination of pathways
and their corresponding traffic signals in a geographical
location. In some cases, a corridor may define a “green
tunnel” where the various traffic signals in the corridor are
coordinated with each other to turn “green” allowing numer-
ous vehicles to pass through without slowing down or
stopping. In one example, the corridor phase coordination
parameter may specity the duration of time for which the
“green tunnel” stays activated.

[0122] In some cases, the restrictions relating to operation
of the traffic lights at the intersections may be stored in the
memory of the traffic signal control system 215, and may be
regularly updated by an operator.

[0123] In various embodiments, the traffic signal control
system 215 receives the arrival times of various vehicles at
various approaches at an intersection, and generates, for
each intersection, many candidate traffic timing data signals.
The traffic signal control system 215 then processes the
plurality of candidate traffic timing data signals to remove or
discard the candidates that invalidate intersection restric-
tions and rules, as discussed above.

[0124] The traffic signal control system 215 is then con-
figured to select the best traffic timing data signal from the
various candidates. The traffic signal control system 215
may select the best option based on a predetermined criteria.
For example, in some cases, the predetermined criteria may
be to select the traffic timing data signal that has an impact
of reducing the overall arrival time of the incoming vehicles
in the red phase scenario in the road network.

[0125] The traffic signal control system 215 may be con-
figured to process the information about the arrival times of
incoming vehicles at each approach of an intersection based
on the previous traffic timing data signal to estimate how
many incoming vehicles will arrive each approach at an
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intersection when the corresponding traffic light is turned
red. The traffic signal control system 215 may then select the
traffic timing data signal that has an impact of reducing the
overall arrival times at an intersection in the red phase (i.e.
the arrival times for each approach at an intersection is taken
into account to determine the impact of overall reduction in
arrival times in red phase). The traffic signal control system
215 may alternatively select the traffic timing data signal that
has an impact of reducing the overall arrival times over the
road network in the red phase (i.e. the arrival times of each
intersection is taken into account to determine the impact of
overall reduction in arrival times in red phase).

[0126] In another example, the predetermined criteria may
include the selection of the option that provides a minimum
overall waiting time for all intersections in the road network.
In this example, the total waiting time may be determined by
determining the queue length at each approach of an inter-
section for various traffic timing data signal candidates, and
selecting traffic timing data signal candidate that results in
the minimum overall waiting time either at an intersection,
or the road network.

[0127] In some cases, the traffic signal control system 215
may generate traffic signal timing for current cycle as well
as the next cycle. In some other cases, the traffic signal
control system 215 may generate traffic signal timing for
current cycle only.

[0128] In some cases, the traffic signal control system 215
may take into account a tolerance criteria associated with
traffic signal timing adjustment experienced by the con-
nected vehicles. The tolerance criteria may be a predefined
criteria, changeable by an operator of the traffic management
system 250.

[0129] In some cases, the tolerance criteria may relate to
aggressiveness of adjustment of traffic signal phases. In such
cases, a higher tolerance may result in a system that may
readjust the traffic signal timings rather aggressively. A
lower tolerance may result in a system that readjusts the
traffic signal timings in a less aggressive manner. By avoid-
ing too much fluctuations in intersection timings, conditions
of ripple effects in the network resulting in instability of
traffic conditions and other adverse effects may be reduced.
In some other cases, the tolerance criteria may relate to
allowance or omissions of certain turns or movements at an
intersection. In some further cases, the tolerance criteria may
relate to restrictions on the arrangement of certain turns or
movements at an intersection.

[0130] Reference is next made to FIG. 7, which illustrates
a block diagram 700 of a traffic signal control system, such
as the traffic signal control system 215, according to an
example. The block diagram 700 of the traffic signal control
system comprises a processing unit 705, a memory unit 710
and a network unit 715. The memory unit 705 can include
RAM, ROM, one or more hard drives, one or more flash
drives or some other suitable data storage elements such as
disk drives, etc. The memory unit 715 is used to store an
operating system 720 and programs 722 as is commonly
known by those skilled in the art. For instance, the operating
system 720 provides various basic operational processes for
the operation of the traffic data aggregator system.

[0131] The memory unit 715 may also accept data from
one of the arrival time input module 730, the candidate
signal generation module 735, the restriction module 740,
the traffic control signal module 745 and tolerance factor
module 750.
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[0132] The arrival time input module 730 is configured to
receive arrival time information from a traffic data aggre-
gator system, such as the traffic data aggregator system 210
of FIG. 2. The arrival time information relates to determined
arrival times at each approach of each intersection in a road
network. In some cases, the arrival time input module 730
may receive queue length and time information for each
approach at each intersection in a road network.

[0133] The candidate signal generation module 735 may
be configured to generate a list of possible variations of
timing for the traffic signal at each intersection for a cycle
corresponding to the duration of time to which the informa-
tion received from the traffic data aggregator system corre-
sponds. The list of variations may be generated for each
traffic signal at each approach at an intersection. In addition,
the list of variations may be generated as candidate traffic
timing data signals.

[0134] The restriction module 740 may include rules and
regulations, prescribed by an authorized party, with respect
to operation of a traffic light at an intersection. The restric-
tion module 740 may be configured to receive the regulation
information from an external database or a server. The
restriction module 740 may store such regulation informa-
tion.

[0135] The restriction module 740 is additionally config-
ured to filter the candidate traffic timing data signals or the
list of possible variations of timings to remove the options
that violate the regulations corresponding to the control and
operation of traffic signals.

[0136] The traffic control signal module 745 is configured
to select the best traffic timing data signal or the timing
variation option that optimizes the congestion burden. The
traffic control signal module 745 may select the best option
based on a predetermined criteria, as discussed above. One
example criteria may relate to minimizing arrival of vehicles
in red phase of the traffic signal in all approaches. Another
example criteria may relate to minimizing the total waiting
time at an intersection in all approaches. In some other cases,
the criteria may be based on the overall road network, where,
for example, the overall waiting time of the road network is
minimized.

[0137] The tolerance factor module 750 may be an
optional module that includes a predetermined tolerance
factor associated with the system 215. The predetermined
tolerance factor may determine the frequency of fluctuations
in an intersection timing updates. An aggressive tolerance
factor may allow for a more frequent or more aggressive
update to the traffic signal timing in each cycle.

[0138] Reference is next made to FIG. 8, which illustrates
an example of a process flow diagram 800 of a traffic signal
control system, such as the traffic signal control system 215
of FIG. 2 according to the teachings herein.

[0139] Process flow 800 begins at 805, where for each
intersection, the traffic signal control system receives
vehicle arrival time information from a traffic data aggre-
gator system, such as the traffic data aggregator system 210.
The vehicle arrival times are received for each approach at
the intersection.

[0140] At 810, the traffic signal control system generates
a plurality of candidate traffic timing data signals for con-
trolling the traffic lights at the intersection. In some cases, a
traffic timing data signal includes control instructions for the
traffic lights of all approaches at an intersection. In some
other cases, a traffic timing data signal includes control
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instructions for each traffic light at a corresponding approach
at an intersection. In this case, a set of plurality of candidate
traffic timing data is generated for each traffic light at each
corresponding approach at the intersection.

[0141] At 815, the traffic signal control system filters the
plurality of candidate traffic timing data signals to generate
a plurality of intermediate traffic timing data signals. The
intermediate traffic timing data signals are generated by
filtering out those traffic timing data signals that violate the
prescribed regulations (and rules) regarding traffic light
operation and control.

[0142] At 820, the ideal traffic timing data signal is
generated from the intermediate traffic timing data signals
based on a predetermined criteria, as discussed above. At
825, the generated ideal traffic timing data signal controls
the corresponding traffic light or lights at the intersection.

[0143] In some cases, a single traffic signal controller is
provided per intersection, and the traffic signal controller
receives the ideal traffic timing data signal that includes
control instructions for the different phases and approaches
at the intersection. The traffic signal controller then executes
the control instructions included in the received signal to
control the phases at the various traffic signals correspond-
ing to the various approaches at the intersection.

[0144] In some other cases, multiple traffic signal control-
lers are provided per intersection (e.g. one controller per
approach), and each traffic signal controller receives the
ideal traffic timing data signal that includes control instruc-
tions for the different phases and approaches at the inter-
section. Each controller then executes the instructions for
the corresponding approach it controls.

[0145] Reference is again made to FIG. 2, which illus-
trates a route optimization system 230 as part of the traffic
management system 250. Route optimization system 230 is
a networked computing device or a server including a
processor and memory, and is capable of communicating
with a network, such as network 205. The route optimization
system 230 may alternatively be a distributed system includ-
ing more than one networked computing devices or servers
capable of communicating with each other. The distributed
system implementation of the route optimization system 230
may have one or more processors with computing process-
ing abilities and memory such as a database(s) or file
system(s). In various embodiments, the route optimization
system 230 is configured to determine and communicate
adjust travel routes to one or more connected vehicles, such
as connected vehicles 240.

[0146] In one embodiment, the route optimization system
230 is configured to determine the optimized route for
connected vehicles based on a plurality of route selection
criteria. One example of a route selection criteria includes
the determination of current congestion level on the pathway
or pathways to be used by a connected vehicle, such as
vehicle 240. The current congestion level may be deter-
mined by comparing a free-flow averaged travel time on the
pathway or pathways (based on historical data, for example)
to current averaged travel time on the corresponding path-
way(s). The current averaged travel time may be based on
trip data signals received from various connected vehicles
(or optionally from the infrastructure along the correspond-
ing pathway(s)) by a traffic data aggregator system, such as
the system 210. In some cases, the congestion level may be
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determined by comparing the free-flow averaged speed of
the connected vehicle to the current averaged speed of the
connected vehicle.

[0147] In some cases, an example of a route selection
criteria includes a priority level corresponding to a con-
nected vehicle on a pathway. The priority levels may be
automatically assigned by an operator in some cases, and
may be assigned based on a subscription requiring payment
in some other cases.

[0148] For example, certain vehicles, such as emergency
vehicles (e.g. ambulance, fire trucks, police cars etc.), may
be automatically assigned a high priority level by an opera-
tor. In another example, public transit vehicles, including
buses, subways, streetcars, trains etc., may be automatically
assigned a high priority level by an operator.

[0149] The high priority level for one or both of emer-
gency vehicles and public transit may be changed by the
operator based on factors such as time of day, government
regulations, weather conditions etc.

[0150] In some other cases, a driver or a rider of a
connected vehicle (e.g. rider in the case of an autonomous
vehicle) may change the subscription status of the corre-
sponding vehicle to a higher priority level. The payment
associated with the subscription may be predetermined by
the operator, and disclosed to the driver or the rider before
changing the subscription status.

[0151] In some cases, emergency vehicles and/or public
transit vehicles may share the same privileges as connected
vehicles subscribing to a higher priority level. In some other
cases, the emergency vehicles and/or public transit vehicles
may have more privileges than connected vehicles subscrib-
ing to a higher priority level. The priority level may or may
not be changeable during a trip from the origin location to
the destination location.

[0152] Privileges associated by a connected vehicle with a
high priority level may include one or more of selection of
fastest route between the origin and destination locations,
maximized green light at the intersections approached by the
connected vehicle, minimized queue lengths at the intersec-
tions approached by the connected vehicle, minimized over-
all wait times associated with the connected vehicle, mini-
mized number of stops associated with the connected
vehicles, etc.

[0153] In some cases, the privileges associated with a
connected vehicle subscribing to a higher priority level may
be varied based on factors such as current level of traffic,
number of vehicle occupants in the connected vehicle,
vehicle type corresponding to the connected vehicle etc.
[0154] In some cases, the traffic management system 250
generally or the route optimization system 230 specifically
may include a degradation parameter that may be predeter-
mined and changeable by an operator. The degradation
parameter may be adjusted to determine the impact that
privileges associated with higher priority level vehicles have
on overall or global traffic or route optimization. For
example a higher degradation value may provide more
privileges to the vehicle with high priority level compared to
the overall traffic or route optimization than a lower degra-
dation value.

[0155] In some cases, the payment associated with the
priority level subscription may not be charged from the
driver or the rider of the connected vehicle if the privileges
associated with the subscribed priority level are not dis-
charged. For example, if the degradation parameter is
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adjusted to a lower value, then the probability of providing
all the privileges to the connected vehicle subscribing to a
corresponding high priority level may decrease. In such
cases, the driver or the rider may not be charged for the
services (corresponding to the high priority level privileges)
not provided.

[0156] In some cases, the payment associated with the
payment level subscription may be based on additional
factors, such as type of vehicle, number of occupants in the
vehicle etc. For example, even with a same priority level, a
first connected vehicle with only one occupant will be
charged more than a second connected vehicle with four
occupants. Similarly a commercial vehicle, such as a truck
carrying a cargo container, may be charged more than a
non-commercial vehicle, even if both the commercial and
the non-commercial vehicles are subscribed to a higher
priority level. Such factors may be predefined by the opera-
tor.

[0157] Another example of a route selection criteria
includes a level of service (LoS). The current LoS may be
determined based on the averaged travel time of a connected
vehicle on a pathway. The current LoS may be compared
against a desired LoS to optimize the route associated with
the connected vehicle. In some cases, different connected
vehicles may have a different priority level within a traffic
management platform, such as platform 200, as discussed
above. In such cases, different priority levels may be asso-
ciated with a predetermined desired LoS.

[0158] Yet another example of a route selection criteria
includes road restrictions, such as road closures or restric-
tions per mode of transportation or vehicle type. Road
restrictions are typically applied during construction events,
impactful events (such as sporting events, art performances,
concerts or major conferences). Road restrictions may also
be applied to provide high LoS for certain modes of trans-
portation (e.g. Toronto Downtown King Street pilot program
providing a higher LoS for public transportation).

[0159] Similarly, another criteria may include tolling
information. Under this criteria, the traffic information
including current level of congestion and/or current and
desired LoS per connected vehicle on each pathway may be
provided to a toll rate calculation system, which may be an
external system. This external system may be configured to
determine a dynamic or static toll rate associated with the
pathway, and the toll rated per pathway and per vehicle
priority level is provided to the route optimization system
230.

[0160] Other criteria that may be adopted by the route
optimization system 230 may include certain rules. A few
non-limiting examples of such rules are provided here. For
example, restricted pathways may be avoided for some or all
connected vehicles, optionally based on their corresponding
priority level. Tolled routes or pathways may be avoided. In
another example, if the quickest route suffers from degraded
traffic conditions or degraded LoS, an alternative route is
determined.

[0161] Similarly, in another example, if a portion of the
connected vehicles need to be routed to maintain the level of
service on network roads, the route optimization system may
be configured to select the vehicle or vehicles to be routed
randomly. In some cases, the route optimization system may
select the vehicle(s) to be routed based on a factor such as
the least number of passengers or occupants in the vehicle.
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[0162] In some cases, the route optimization system 230
may be configured to explore the available alternative routes
for a selected vehicle or vehicles with the goal of minimizing
the overall travel time for all connected vehicles within the
road network. In some other cases, driver or the rider of the
connected vehicle receiving the alternative route informa-
tion may be asked to provide a feedback indicating the
occupant’s preference, such as whether the driver or rider
wants to use the alternative route, or pay a toll for the
quickest path. As discussed above, in some cases, the driver
or the rider may be triggered to subscribe to a priority level
as soon as the driver or the rider get onboard, and the
preferences of the driver or the rider are gauged from the
selected priority level. In such cases, no further triggers are
provided to the driver or the rider while on route to the
destination location.

[0163] In some cases, the alternative route provided to the
connected vehicles may be provided based on a certain
threshold. For example, a certain threshold for degradation
of travel time (e.g. 20% of the quickest travel time) may be
used to limit the selection and recommendation of the
alternative path.

[0164] In some cases, the route optimization system 230
may be configured to receive route options from an external
routing system, such as the external routing system 225 of
FIG. 2. External routing system 225 may be a third-party
database capable of providing alternative route information
between the indicated origin location and the destination
location of a connected vehicle. The external routing system
225 may alternatively provide alternative route information
based on the indicated current location and the destination
location of the connected vehicle. In such cases, the route
optimization system 230 may process the various alternative
routes proposed by the external system, and determine the
ideal route for the connected vehicle. The ideal route is then
transmitted to the connected vehicle.

[0165] Reference is next made to FIG. 9, which illustrates
a block diagram 900 of a route optimization system, such as
the route optimization system 230, according to an example.
The block diagram 900 of the route optimization system
comprises a processing unit 905, a memory unit 910 and a
network unit 915. The memory unit 905 can include RAM,
ROM, one or more hard drives, one or more flash drives or
some other suitable data storage elements such as disk
drives, etc. The memory unit 915 is used to store an
operating system 920 and programs 922 as is commonly
known by those skilled in the art. For instance, the operating
system 920 provides various basic operational processes for
the operation of the route optimization system.

[0166] The memory unit 915 may also accept data from
one of the alternative route module 930, the toll module 935,
the traffic data aggregator module 940, traffic signal control
module 945, the route optimization module 950, and occu-
pant feedback module 955.

[0167] The alternative route module 930 may be config-
ured to determine alternative routes between the origin
location (or current location) and the destination location of
a connected vehicle. In some other cases, the alternative
route module 930 may receive this information from an
external database.

[0168] The toll module 935 may be configured to receive
static or dynamic toll information (e.g. toll rates) for the
connected vehicle on a road segment along the path of travel
for the connected vehicle. The toll information may be
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received from an external system. In some case, the toll
module 935 may be configured to generate such toll infor-
mation based on guidelines received from external systems.
[0169] The traffic data aggregator module 940 may be
configured to receive traffic related information from a traffic
data aggregator module, such as module 210 of FIG. 2. The
traffic data aggregator module 940 may be configured to
receive the queue estimates, arrival time estimates or other
such data, and determine parameters such as current con-
gestion level on the pathway, current LoS on the pathway,
desired LoS on the pathway etc.

[0170] The traffic signal control module 945 is configured
to receive information pertaining to control and operation of
traffic signals at the intersections along the path of a con-
nected vehicle. The traffic signal control module 945 may
receive the traffic light timing information from a traffic
signal control system, such as the traffic signal control
system 215 of FIG. 2.

[0171] The route optimization module 950 may be con-
figured to determine the optimized route information for the
connected vehicles based on the alternative route options
and one or more route selection criteria, as discussed above.
[0172] The occupant feedback module 955 may be con-
figured to transmit the optimized route information to the
connected vehicle, and receive occupant (e.g. driver or rider)
feedback from the connected vehicle. In some cases, two or
a small subset of route options are transmitted to the driver
or rider of the connected vehicle, and the optimized route is
selected based on the occupant feedback. For example, the
driver or rider may be asked to select between a route option
that is the quickest but is tolled, or a route option that is
slower in comparison. Based on received occupant feed-
back, the optimized route for the corresponding connected
vehicle is selected.

[0173] As discussed above, in some cases, the driver or the
rider may be triggered to subscribe to a priority level as soon
as the driver or the rider gets onboard. In such cases, the
selected priority level may determine the optimized route to
be selected for the connected vehicle. For example, if the
driver or the rider subscribed to a higher priority level, then
the fastest route, albeit tolled, will be provided to the
connected vehicle. The toll will be automatically charged
and the driver or the rider will be accordingly informed.
[0174] Reference is next made to FIG. 10, which illus-
trates an example of a process flow diagram 1000 of a route
optimization system, such as the route optimization system
230 of FIG. 2 according to the teachings herein.

[0175] Process 1000 begins at 1005 where a plurality of
route options for a connected vehicle are generated. The
plurality of route options include alternative routes between
the indicated origin and destination locations of the con-
nected vehicle. The plurality of route options may be based
on the current location of the connected vehicle and the
indicated destination location of the connected vehicle. Such
origin, destination and/or current location of the connected
vehicle may be provided by the connected vehicle itself.
[0176] At1010, traffic signal timing information for one or
more intersections along the path of the connected vehicle is
received. Such information may be received from a traffic
signal control system, such as the traffic signal control
system 215. Traffic signal timing information may include
information regarding the amount of time for which the
traffic signal at each approach relevant to the connected
vehicle will stay red or green or yellow, etc.
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[0177] At 1015, the current congestion level at one or
more intersections along the path of the connected vehicle is
determined. In some cases, the current congestion level is
determined for each proposed alternative route available to
the connected vehicle. The current congestion level may be
determined based on the estimated queue lengths for each
approach relevant to the connected vehicle along its path.

[0178] At 1020, one or more routing selection criteria are
applied to the plurality of alternative route. The routing
selection criteria my include information such as road
restrictions, toll road information and/or predetermined
rules, as discussed above.

[0179] At 1025, an optimized route for the connected
vehicle is generated based on the inputs at 1010, 1015 and
1020. The optimized route may be selected based on a
predetermined criteria, such as the highest LoS, or lowest
congestion rate, etc. The predetermined criteria may be
based on the overall congestion or LoS over the road
network. In some cases, the predetermined criteria may be
based on the congestion or LoS along the route of the
connected vehicle, which may include one or more path-
ways but not the entire road network.

[0180] The process ends at 1030, where the optimized
route is transmitted to the connected vehicle. In an optional
embodiment, feedback from the driver or rider of the con-
nected vehicle received the optimized route may be
received.

[0181] Numerous specific details are set forth herein in
order to provide a thorough understanding of the exemplary
embodiments described herein. However, it will be under-
stood by those of ordinary skill in the art that these embodi-
ments may be practiced without these specific details. In
other instances, well-known methods, procedures and com-
ponents have not been described in detail so as not to
obscure the description of the embodiments. Furthermore,
this description is not to be considered as limiting the scope
of these embodiments in any way, but rather as merely
describing the implementation of these various embodi-
ments.

1. A method of traffic management in a road network
including a plurality of pathways and at least one intersec-
tion corresponding to two or more of the plurality of
pathways, the method being implemented by a traffic man-
agement system including a processor and a memory
coupled to the processor and configured to store instructions
executable by the processor, the method comprising:
receiving, at the processor, a plurality of data signals from
a corresponding one or more connected vehicles;

generating, at the processor, an intersection model for
each approach of each intersection in the road network,
the intersection model being generated at a first time
based on the plurality of data signals, the intersection
model comprising estimated arrival times for incoming
vehicles at each approach at the first time;

generating, at the processor and at the first time, for each
intersection, a plurality of candidate traffic timing data
signals for controlling an operation of one or more
traffic signals at the intersection, the plurality of can-
didate traffic timing data signals being generated based
at least on the intersection model corresponding to all
approaches at the intersection; and

generating, at the processor and at the first time, for each

intersection, an optimized traffic timing data signal, the
optimized traffic timing data signal being configured to
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control the operation of one or more traffic signals at
the intersection, and being generated based on the
plurality of candidate traffic timing data signals and at
least one predetermined optimization variable.

2. The method of claim 1, wherein the at least one
predetermined optimization variable minimizes an overall
arrival time corresponding to that intersection.

3. The method of claim 1, wherein the at least one
predetermined optimization variable minimizes an overall
travel time corresponding to the road network.

4. The method of claim 1, further comprising:

generating, at the processor and at the first time, a routing

signal for a connected vehicle, the routing signal being
configured to route the connected vehicle between a
current location and a destination location associated
with the connected vehicle, the routing signal being
based at least on a predetermined routing variable, the
plurality of data signals and the optimized traffic timing
data signals.

5. The method of claim 4, wherein the predetermined
routing variable is configured to minimize an overall travel
time between the current location and the destination loca-
tion of the connected vehicle.

6. The method of claim 4, wherein the predetermined
routing variable is configured to minimize an overall travel
time associated with the one or more connected vehicles in
the road network.

7. The method of claim 4, further comprising:

receiving, at the processor, a feedback signal from a driver

of the connected vehicle.

8. The method of claim 1, wherein at least some data
signals comprise an originating location and a destination
location of the corresponding connected vehicle.

9. The method of claim 1, further comprising:

receiving, at the processor, one or more infrastructure data

signals comprising traffic information detected by one
or more sensors along the road network.

10. The method of claim 9, wherein at least one traffic
signal control parameter corresponds to a regulation stan-
dard.

11. The method of claim 1, wherein at least one data
signal comprises a current location of an unconnected
vehicle.

12. The method of claim 1, further comprising:

generating, at the processor, for each intersection, a

plurality of intermediate traffic timing data signals from
the plurality of candidate traffic timing data signals
based on one or more traffic signal control parameters.

13. The method of claim 1, wherein the first time is a
predetermined range of time.

14. The method of claim 1, wherein the first time in a
predetermined instance of time.

15. A traffic management system for managing traffic in a
road network including a plurality of pathways and at least
one intersection corresponding to two or more of the plu-
rality of pathways, the traffic management system compris-
ing:

a processor unit; and

a memory unit coupled to the processor unit and config-

ured to store instructions executable by the processor
unit;

the processor unit being configured to:

receive a plurality of data signals from a corresponding
one or more connected vehicles;
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generate an intersection model for each approach of
each intersection in the road network, the intersec-
tion model being generated at a first time based on
the plurality of data signals, the intersection model
comprising estimated arrival times for incoming
vehicles at each approach at the first time;

generate at the first time, for each intersection, a
plurality of candidate traffic timing data signals for
controlling an operation of one or more traffic signals
at the intersection, the plurality of candidate traffic
timing data signals being generated based at least on
the intersection model corresponding to all
approaches at the intersection; and

generate at the first time, for each intersection, an
optimized traffic timing data signal, the optimized
traffic timing data signal being configured to control
the operation of one or more traffic signals at the
intersection, and being generated based on the plu-
rality of candidate traffic timing data signals and at
least one predetermined optimization variable.

16. The system of claim 15, wherein the at least one
predetermined optimization variable minimizes an overall
arrival time corresponding to that intersection.

17. The system of claim 15, wherein the at least one
predetermined optimization variable minimizes an overall
travel time corresponding to the road network.

18. The system of claim 15, wherein the processor unit is
further configured to generate, at the first time, a routing
signal for the connected vehicle, the routing signal being
configured to route the connected vehicle between a current
location and a destination location associated with the
connected vehicle, the routing signal being based at least on
a predetermined routing variable, the plurality of data sig-
nals and the optimized traffic timing data signals.

19. The system of claim 18, wherein the predetermined
routing variable is configured to minimize an overall travel
time between the current location and the destination loca-
tion of the connected vehicle.

20. The system of claim 18, wherein the predetermined
routing variable is configured to minimize an overall travel
time associated with the one or more connected vehicles in
the road network.

21. The system of claim 15, wherein at least some data
signals comprise an originating location and a destination
location of the corresponding connected vehicle.

22. The system of claim 15, wherein the processor unit is
further configured to receive one or more infrastructure data
signals comprising traffic information detected by one or
more sensors along the road network.

23. The system of claim 15, wherein at least one data
signal comprises a current location of an unconnected
vehicle.

24. The system of claim 15, wherein the processor unit is
further configured to generate, for each intersection, a plu-
rality of intermediate traffic timing data signals from the
plurality of candidate traffic timing data signals based on one
or more traffic signal control parameters.

25. The system of claim 24, wherein at least one traffic
signal control parameter corresponds to a regulation stan-
dard.

26. The system of claim 15, wherein the first time is a
predetermined range of time.

27. The system of claim 15, wherein the first time in a
predetermined instance of time.
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28. A computer-readable medium storing computer-ex-
ecutable instructions, the instructions for causing a proces-
sor to perform a method of managing traffic over a road
network, the method comprising:
receiving, at the processor, a plurality of data signals from
a corresponding one or more connected vehicles;

generating, at the processor, an intersection model for
each approach of each intersection in the road network,
the intersection model being generated at a first time
based on the plurality of data signals, the intersection
model comprising estimated arrival times for incoming
vehicles at each approach at the first time;

generating, at the processor and at the first time, for each
intersection, a plurality of candidate traffic timing data
signals for controlling an operation of one or more
traffic signals at the intersection, the plurality of can-
didate traffic timing data signals being generated based
at least on the intersection model corresponding to all
approaches at the intersection; and

generating, at the processor and at the first time, for each

intersection, an optimized traffic timing data signal, the
optimized traffic timing data signal being configured to
control the operation of one or more traffic signals at
the intersection, and being generated based on the
plurality of candidate traffic timing data signals and at
least one predetermined optimization variable.

#* #* #* #* #*



