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roadways, within automobiles, in smartphones, or supported
by a cellular network backbone, for distributing traffic
related information to users and traffic controller equipment.
Embodiments of the present disclosure allow for vehicles
and/or pedestrians to initiate a dual-transmission of cellular
and RF signals for changing a traffic light state, where the
first signal received at a traffic intersection controller unit is
processed for changing the traffic light state (e.g., changing
a light from red to green on-demand). Other embodiments of
the present disclosure allow for users to receive visible
and/or audible traffic related alerts on mobile devices, where
the alerts are based on data shared between nearby drivers,
pedestrians, and the traffic controlling equipment.
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1
SYSTEMS, METHODS, AND DEVICES FOR
COMMUNICATION BETWEEN TRAFFIC
CONTROLLER SYSTEMS AND MOBILE
TRANSMITTERS AND RECEIVERS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of, and priority to, U.S.
Provisional Patent Application No. 62/628,593, filed on Feb.
9, 2018, and entitled “SYSTEMS, METHODS, AND
DEVICES FOR COMMUNICATION BETWEEN TRAF-
FIC CONTROLLER SYSTEMS AND MOBILE TRANS-
MITTERS AND RECEIVERS,” the disclosure of which is
incorporated by reference in its entirety as if the same were
fully set forth herein.

TECHNICAL FIELD

The present systems, methods, and devices relate gener-
ally to traffic management systems, and more particularly to
systems, methods, and devices for modifying a present or
future traffic light state, and receiving traffic related alerts.

BACKGROUND

The technology included in conventional traffic control-
lers and lighting systems has largely remained unchanged
for the past century. Generally, controller boxes regulate the
states of one or more lights at intersections, crosswalks,
beacons, etc., for dictating the right-of-way for drivers and
pedestrians. Despite the seemingly acceptable functionality
of preexisting traffic systems, modern technology is rapidly
outpacing the status quo. Technological advancements such
the growth of the internet-of-things (IOT), radio frequency
and cellular communications, and even machine learning
have allowed for improvements in the way people engage in
transportation (e.g., autonomous driving, GPS navigation,
in-car audio systems, etc.). These technological capabilities
were not contemplated when designing conventional traffic
controlling systems. Therefore, there exists a long felt but
unresolved need for systems, methods, and apparatuses that
improve traffic controllers by connecting the mobile phones,
automobiles, or other communication hardware available to
drivers and pedestrians alike to the systems that regulate
traffic for improving the safety and overall experience of
citizens on the road.

BRIEF SUMMARY OF DISCLOSURE

The present systems, methods, and devices relate gener-
ally to the management of traffic controllers and traffic
lights/signals based on cellular and/or radio frequency data
transmitted to and received from mobile devices, automo-
biles, or other communication hardware available to drivers
and pedestrians. In one embodiment, the system, methods,
and devices discussed in the present disclosure aim to
improve outdated and conventional traffic controllers by
integrating hardware and software solutions that allow for
traffic related data to be shared between the traffic control-
lers, drivers, and pedestrians to promote a safer, more
efficient, and overall enhanced traffic environment.

Consider, for example, a scenario where an emergency
response vehicle (or the like) is travelling on a particular
route and is approaching an intersection. Conventional traf-
fic control systems (controller boxes located at every inter-
section which control the state of traffic lights) are not
equipped to accommodate the emergency response vehicle
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2

in the event that it encounters a red traffic light, or even a
generally busy and congested intersection. In this scenario,
the emergency response vehicle relies solely on the sound-
ing sirens and lights to alert drivers about the incoming
emergency response vehicle, which is not always effective.
As is well known by anyone who has operated a motor
vehicle, it is not always easy to determine how far away an
approaching emergency response vehicle is, what direction
it is approaching from, and in some instances the sirens and
lights may not be noticeable until it is too late. These types
of scenarios often cause confusion amongst drivers and are
generally unsafe for all parties involved. Embodiments of
the present systems, methods, and devices allow for traffic
controllers to communicate with motor vehicles (e.g., emer-
gency response vehicles, civilian operated motor vehicles,
etc.) and pedestrians in order to manipulate traffic to allow
for particular vehicles to pass through certain areas without
complications.

Another example of applications for embodiments of the
present disclosure include the ability for the present systems,
methods, and devices to provide drivers with sensory ques
(e.g., visual and audible) regarding upcoming traffic states
via the drivers’ mobile devices or displays integrated with
the drivers’ automobiles (e.g., navigation systems, dash-
board touch screens, etc.). In one embodiment, a driver may
be approaching a particular intersection or stop sign that is
nearby but still not visible (e.g., the driver’s line of sight is
obstructed by a natural landmark, building, etc.). In this
embodiment, the automobile’s audio/visual system, or the
mobile computing device of the driver, may present the
driver with visual and/or audio ques about the upcoming
traffic state. For example, if the driver was approaching a
stop sign, the mobile device speaker or automobile sound
system may audibly produce an audio que such as “Stop sign
ahead,” and a display may present the user with a visual
indication of where the stop sign is in relation to the vehicle,
how many drivers are currently waiting at the stop sign, etc.
If the driver was approaching an intersection, the driver may
be presented with a visual indication that the light is cur-
rently green, yellow, or red, prior to the driver’s ability to see
the physical light structure. This visual indication may be
presented in various ways, such as replicating the traffic light
layout on a mobile device screen, dashboard touchscreen, or
hologram display integrated within the windshield. For
example, the visual indication may resemble two arrows, a
straight arrow and a left-curved arrow. In this example, the
straight arrow may be green, indicating that the current state
of the traffic light allows for drivers to continue through the
light without stopping. Continuing with this example, the
left-curved arrow may be red, indicating that the current
state of the traffic light requires drivers intending to turn left
to wait for the light state to switch to green. According to
various embodiments, the arrows may be represented as two
dimensional icons on a flat display such as an LCD or LED
screen, or the arrows maybe presented as a semi-transparent
hologram or projection within a glass pane.

In some embodiments, the system may track the timing of
certain traffic lights, thereby allowing the system to present
drivers with information such as when the light will turn
from one state to another. Furthermore, the system may
present these ques, alerts, and notifications audibly. In one
embodiment, a driver may be stopped at a red light and not
paying attention to the status of the traffic light (e.g.,
checking his/her emails on his/her mobile device). In this
scenario, the system may present the user with an audible
que, such as sounding “Get ready for green,” which notifies
the driver that the light will soon change from red to green.
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This allows for the driver to be prepared to begin moving
his/her vehicle promptly, which may reduce overall traffic
due to the decrease of propagated wait times that result from
distracted drivers and delayed action at green lights. To do
so, however, the present system should have knowledge of
the impending change to “green” of the relevant traffic light.

In some embodiments, the functionality of the present
systems, methods, and devices, may be implemented in or
promote the development of autonomous driving vehicles.
As will be described in further detail herein, the data
transmitted and received between traffic controlling systems
and the mobile devices of the vehicle drivers (or the vehicles
themselves) may provide the traffic data for coordinating a
safe environment for a hands-off driving ecosystem.

According to various aspects of the present disclosure, an
exemplary environment where the present systems may
operate includes components such as radio frequency (RF)
transmitters and receivers, cellular data transmitters and
receivers (e.g., mobile phones or standalone components),
traffic hardware (e.g., stoplights, beacons, curve warning,
stop sign approaching, etc.) and their corresponding
HW/SW controller systems, and a wireless communications
network. In one embodiment, implementations of the sys-
tems and methods include a back-and-forth communication
of data between the driver/vehicle and the traffic controllers,
the data including information such as GPS, intersection
geometry, identification data, priority data (e.g., emergency
response vehicle data), etc., and this data is used to further
coordinate safer traffic ecosystems and also provide drivers
with enhanced insight into traffic states and conditions.

In some embodiments, a cloud-based server may also be
included in the system. In one embodiment, the cloud-based
server may allow for remote computing of particular traffic-
related messages, as well as facilitate communication
between system components.

In various embodiments, the present disclosure discusses
a method for modifying traffic light states, the method
including the steps of: receiving, at a processing unit at an
intersection traffic controller, at least an RF signal and a
cellular signal, wherein the RF signal and cellular signal are
transmitted substantially simultaneously from an RF trans-
mitter and a cellular transmitter, and wherein the RF signal
is received via an RF receiver and the cellular signal is
received via a cellular receiver, both of which are opera-
tively connected to the processing unit; and in response to
receiving a first signal in time of the RF signal and the
cellular signal, initiating a modification to a traffic light state,
wherein the modification to the traffic light state includes
overriding a preexisting traffic light state schedule to acti-
vate a requested traffic light state.

In a particular embodiment, the processing unit initiates
the modification to the traffic light state immediately in
response to receiving the first signal in time. In certain
embodiments, prior to modifying the traffic light state, the
method further includes the steps of: receiving a second
signal in time of the RF signal and the cellular signal,
wherein the second signal in time is different from the first
signal in time; and comparing the first signal in time and the
second signal in time to verify a source of the first signal in
time and the second signal in time.

According to various aspects of the present disclosure,
verifying the source includes parsing transmission packets
of the first signal in time and the second signal in time for
a source identifier. In particular embodiments, the transmis-
sion packets further indicate a timestamp corresponding to
the transmission of the first signal in time and the second
signal in time. In certain embodiments, the first signal in
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time includes a request to modify the traffic light state. In
one embodiment, the first signal in time and the second
signal in time both include a request to modity the traffic
light state.

In various embodiments, the present disclosure further
discusses a system for modifying traffic light states, includ-
ing: a communication device on board an automobile, the
communication device including: a radio frequency (“RF”)
transmitter operable to transmit RF signals; a cellular trans-
mitter operable to transmit cellular signals; and a processor
operatively connected to the RF transmitter and the cellular
transmitter, wherein the processor initiates a substantially
simultaneous transmission of signals emanating from both
the RF transmitter and the cellular transmitter, and wherein
the transmission is directed to at least one of a plurality of
intersection traffic controllers; and one or more stationary
traffic light state modification units, each of the one or more
stationary traffic light state modification units integrated
with a particular intersection traffic controller, wherein the
one or more stationary traffic light state modification units
includes: a stationary RF sensor operable to receive an RF
signal transmission of the substantially simultaneous trans-
mission of signals; and a stationary cellular sensor operable
to receive a cellular signal transmission of the substantially
simultaneous transmission of signals; and a traffic light state
processing unit operatively connected to the stationary RF
sensor, the stationary cellular sensor, and traffic lights at
each of the plurality of intersection traffic controllers,
wherein the traffic light state processing unit is configured to
modify traffic light states in response to a signal hierarchy of
the substantially simultaneous transmission of signals.

According to various embodiments, the signal hierarchy
includes a first signal received in time and second signal
received in time. In one embodiment, the traffic light state
processing unit is configured to modify traffic light states
upon receipt of the first signal in time. In certain embodi-
ments, the traffic light state processing unit is configured to
modify traffic light states upon receipt of both the first signal
received in time and the second signal received in time.

In a particular embodiment, and prior to modifying the
traffic light states, the traffic light state processing unit is
further configured to compare the first signal received in
time to the second signal received in time to verify a source
of the first signal received in time and the second signal
received in time. In some embodiments, verifying the source
includes parsing transmission packets of the first signal
received in time and the second signal received in time for
a source identifier. In one embodiment, the transmission
packets further indicate a timestamp corresponding to the
transmission of the first signal received in time and the
second signal received in time.

In various embodiments, the first signal received in time
includes a request to modify the traffic light states. In certain
embodiments, the first signal received in time and the second
signal received in time both include a request to modity the
traffic light states.

These and other aspects, features, and benefits of the
claimed embodiments(s) will become apparent from the
following detailed written description of the preferred
embodiments and aspects taken in conjunction with the
following drawings, although variations and modifications
thereto may be effected without departing from the spirit and
scope of the novel concepts of the disclosure.

Definitions

Prior to a detailed description of the disclosure, the
following definitions are provided as an aid to understanding
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the subject matter and terminology of aspects of the present
systems and methods, are exemplary, and not necessarily
limiting of the aspects of the systems and methods, which
are expressed in the claims. Whether or not a term is
capitalized is not considered definitive or limiting of the
meaning of a term. As used in this document, a capitalized
term shall have the same meaning as an uncapitalized term,
unless the context of the usage specifically indicates that a
more restrictive meaning for the capitalized term is intended.
However, the capitalization or lack thereof within the
remainder of this document is not intended to be necessarily
limiting unless the context clearly indicates that such limi-
tation is intended.

1. Basic Safety Message (BSM): In one embodiment, a
basic safety message comprises data relating to a past and
current status of a particular vehicle (or pedestrian). For
example, a BSM may include data such as vehicle position,
speed, heading, acceleration, vehicle size, vehicle mass,
steering wheel angle, recent braking data, a time stamp, etc.
In the system discussed herein, BSMs may be periodically
transmitted from communication devices at vehicles or
pedestrians, and the transmissions may be cellular, RF,
Wi-Fi, and/or Bluetooth transmissions to a cellular network,
an RF receiver, or an on-board unit at another vehicle or
pedestrian.

2. Personal Safety Message (PSM): In one embodiment,
a personal safety message generally relates to past and
current traffic-related activity of an individual (e.g., a pedes-
trian) within the system. For example, a PSM may include
data such as position, speed, heading, acceleration, and a
time stamp corresponding to the individual’s travel-related
activity within the system, and this data may be transmitted
periodically via the individual’s mobile phone. In some
embodiments, PSMs may be “reduced” BSMs, where infor-
mation specific to automobiles (that is typically included in
a BSM) is not included in a transmitted PSM. In various
embodiments, PSMs allow for pedestrian activity to be
considered along with vehicle activity when analyzing traffic
scenarios in a smart-city environment.

3. Signal, Phase, and Timing (SPAT or SPaT): SPAT data
generally includes a present (or future) status of a traffic light
controller unit at an intersection in a roadway. For example,
SPAT data includes at least a current light state or phase
(e.g., green, red, yellow, etc.) for each light controlled by the
traffic light controller (and each lane if appropriate), and
furthermore a timer associated with each light state. In
various embodiments, the timer may be a countdown timer
indicating when the light state will change, or the timer may
be a running timer indicating how long the light state has
been active.

4. MAP Data: In various embodiments, a MAP message,
or MAP data, generally includes a representation of a
particular intersection geometry. For example, MAP data
may include data relating to how many roads converge on an
intersection, the number of lanes per road, lane types (e.g.,
thru-lane, turning lane, etc.), and geographic data (e.g.,
longitude/latitude coordinates, reference distances, etc.) out-
lining this information (and more) for providing a “blue-
print” of the intersection geometry.

BRIEF DESCRIPTION OF DRAWINGS

The accompanying drawings illustrate one or more
embodiments and/or aspects of the disclosure and, together
with the written description, serve to explain the principles
of the disclosure. Wherever possible, the same reference
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numbers are used throughout the drawings to refer to the
same or like elements of an embodiment, and wherein:

FIG. 1 illustrates an exemplary operational environment
of the present system, according to one aspect of the present
disclosure;

FIG. 2 illustrates an exemplary system architecture,
according to one aspect of the present disclosure;

FIG. 3 is a flowchart illustrating an exemplary dual-
transmission process, according to one aspect of the present
disclosure;

FIG. 4 is a flowchart illustrating an alert decision process,
according to one aspect of the present disclosure;

FIG. 5 is a screenshot of a mobile application illustrating
a particular traffic light state, according to one aspect of the
present disclosure;

FIG. 6 is a screenshot of a mobile application illustrating
a particular traffic light state, according to one aspect of the
present disclosure;

FIG. 7 is a screenshot of a mobile application illustrating
a particular traffic-related alert, according to one aspect of
the present disclosure;

FIG. 8 is a screenshot of a mobile application illustrating
particular configuration options, according to one aspect of
the present disclosure; and

FIG. 9 is a screenshot of a mobile application illustrating
particular configuration options, according to one aspect of
the present disclosure.

DETAILED DESCRIPTION

For the purpose of promoting an understanding of the
principles of the present disclosure, reference will now be
made to the embodiments illustrated in the drawings and
specific language will be used to describe the same. It will,
nevertheless, be understood that no limitation of the scope of
the disclosure is thereby intended; any alterations and fur-
ther modifications of the described or illustrated embodi-
ments, and any further applications of the principles of the
disclosure as illustrated therein are contemplated as would
normally occur to one skilled in the art to which the
disclosure relates. All limitations of scope should be deter-
mined in accordance with and as expressed in the claims.

Briefly described, and according to one embodiment,
aspects of the present disclosure relate generally to the
management of traffic controllers and traffic lights/signal
based on cellular and/or radio frequency data transmitted to
and received from mobile devices, automobiles, or other
communication hardware available to drivers and pedestri-
ans. In one embodiment, the system, methods, and devices
discussed in the present disclosure aim to improve outdated
and conventional traffic controllers by integrating hardware
and software solutions that allow for traffic related data to be
shared between the traffic controllers, drivers, and pedestri-
ans to promote a safer, more efficient, and overall enhanced
traffic environment.

Consider, for example, a scenario where an emergency
response vehicle (or the like) is travelling on a particular
route and is approaching an intersection. Conventional traf-
fic control systems (controller boxes located at every inter-
section which control the state of traffic lights) are not
equipped to accommodate the emergency response vehicle
in the event that it encounters a red traffic light, or even a
generally busy and congested intersection. In this scenario,
the emergency response vehicle relies solely on the sound-
ing sirens and lights to alert drivers about the incoming
emergency response vehicle, which is not always effective.
As is well known by anyone who has operated a motor
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vehicle, it is not always easy to determine how far away an
approaching emergency response vehicle is, what direction
it is approaching from, and in some instances the sirens and
lights may not be noticeable until it is too late. These types
of scenarios often cause confusion amongst drivers and are
generally unsafe for all parties involved. Embodiments of
the present systems, methods, and devices allow for traffic
controllers to communicate with motor vehicles (e.g., emer-
gency response vehicles, civilian operated motor vehicles,
etc.) and pedestrians in order to manipulate traffic to allow
for particular vehicles to pass through certain areas without
complications.

Another example of applications for embodiments of the
present disclosure include the ability for the present systems,
methods, and devices to provide drivers with sensory ques
(e.g., visual and audible) regarding upcoming traffic states
via the drivers’ mobile devices or displays integrated with
the drivers’ automobiles (e.g., navigation systems, dash-
board touch screens, etc.). In one embodiment, a driver may
be approaching a particular intersection or stop sign that is
nearby but still not visible (e.g., the driver’s line of sight is
obstructed by a natural landmark, building, etc.). In this
embodiment, the automobile’s audio/visual system, or the
mobile computing device of the driver, may present the
driver with visual and/or audio ques about the upcoming
traffic state. For example, if the driver was approaching a
stop sign, the mobile device speaker or automobile sound
system may audibly produce an audio que such as “Stop sign
ahead,” and a display may present the user with a visual
indication of where the stop sign is in relation to the vehicle,
how many drivers are currently waiting at the stop sign, etc.
Ifthe driver was approaching an intersection, the driver may
be presented with a visual indication that the light is cur-
rently green, yellow, or red, prior to the driver’s ability to see
the physical light structure. This visual indication may be
presented in various ways, such as replicating the traffic light
layout on a mobile device screen, dashboard touchscreen, or
hologram display integrated within the windshield. For
example, the visual indication may resemble two arrows, a
straight arrow and a left-curved arrow. In this example, the
straight arrow may be green, indicating that the current state
of the traffic light allows for drivers to continue through the
light without stopping. Continuing with this example, the
left-curved arrow may be red, indicating that the current
state of the traffic light requires drivers intending to turn left
to wait for the light state to switch to green. According to
various embodiments, the arrows may be represented as two
dimensional icons on a flat display such as an LCD or LED
screen, or the arrows maybe presented as a semi-transparent
hologram or projection within a glass pane.

In some embodiments, the system may track the timing of
certain traffic lights, thereby allowing the system to present
drivers with information such as when the light will turn
from one state to another. Furthermore, the system may
present these ques, alerts, and notifications audibly. In one
embodiment, a driver may be stopped at a red light and not
paying attention to the status of the traffic light (e.g.,
checking his/her emails on his/her mobile device). In this
scenario, the system may present the user with an audible
que, such as sounding “Get ready for green,” which notifies
the driver that the light will soon change from red to green.
This allows for the driver to be prepared to begin moving
his/her vehicle promptly, which may reduce overall traffic
due to the decrease of propagated wait times that result from
distracted drivers and delayed action at green lights. To do
so, however, the present system should have knowledge of
the impending change to “green” of the relevant traffic light.
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In some embodiments, the functionality of the present
systems, methods, and devices, may be implemented in or
promote the development of autonomous driving vehicles.
As will be described in further detail herein, the data
transmitted and received between traffic controlling systems
and the mobile devices of the vehicle drivers (or the vehicles
themselves) may provide the traffic data for coordinating a
safe environment for a hands-off driving ecosystem.

According to various aspects of the present disclosure, an
exemplary environment where the present systems may
operate includes components such as radio frequency (RF)
transmitters and receivers, cellular data transmitters and
receivers (e.g., mobile phones or standalone components),
traffic hardware (e.g., stoplights, beacons, curve warning,
stop sign approaching, etc.) and their corresponding
HW/SW controller systems, and a wireless communications
network. In one embodiment, implementations of the sys-
tems and methods include a back-and-forth communication
of data between the driver/vehicle and the traffic controllers,
the data including information such as GPS, intersection
geometry, identification data, priority data (e.g., emergency
response vehicle), etc., and this data is used to further
coordinate safer traffic ecosystems and also provide drivers
with enhanced insight into traffic states and conditions.

In some embodiments, a cloud-based server may also be
included in the system. In one embodiment, the cloud-based
server may allow for remote computing of particular traffic-
related messages, as well as facilitate communication
between system components.

In various embodiments, novel aspects of the disclosed
systems, methods, and devices may include (but are not
limited to) a combination of cellular and RF signals trans-
mitted from an automobile or user’s mobile computing
device to a traffic control system for managing current or
future traffic states; RF and/or cellular data communication
from the traffic control system to a mobile computing device
or receiver including data such as current status and future
status of the particular intersection controlled by the traffic
control system, which may be used to provide users with
alerts such as “Get ready for green” on their mobile com-
puting devices; and allowing other traffic light devices, such
as school beacons, to transmit the status of those devices to
drivers for alerting the drivers about approaching school
zones, occupied cross walks, etc.

Referring now to the drawings, FIG. 1 illustrates an
exemplary operational environment 100 of the present sys-
tem, according to one aspect of the present disclosure. As
depicted in the present embodiment, the operational envi-
ronment 100 is a roadway including various motor vehicles,
cyclists, and in some embodiments even pedestrians, etc.
According to various aspects of the present disclosure, the
operational environment 100 includes various networked
components including (but not limited to) mobile phones,
various signal transmitters and receivers, cellular modems,
sensors including GPS, velocity, Wi-Fi, and Bluetooth sen-
sors, and processors for analyzing data, readings, and
requests from each of these various networked components.
In one embodiment, the illustrated network of hardware,
computing devices, and components allows for various
improvements in traffic management such as allowing for a
user to change traffic light states on-demand (or in the
future), and allowing for individuals to receive traffic alerts
unique to their position and direction of travel, where the
alerts provide the individuals with information for allowing
them to make better traffic-related decisions.

As depicted in the present embodiment, the operational
environment 100 includes motor vehicles such as a fire truck






