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INCIDENT-BASED TRAFFIC SIGNAL PREEMPTION AND PRIORITY

FIELD OF THE INVENTION

[0001] The disclosure generally describes methods and systems for initiating and

prioritizing signal preemption and priority requests for controlling traffic signals.

BACKGROUND

[0002] Traffic signals have long been used to regulate the flow of traffic at

intersections. Generally, traffic signals have relied on timers or vehicle sensors to
determine when to change traffic signal lights, thereby signaling alternating
directions of traffic to stop, and others to proceed.

[0003] Emergency vehicles, such as police cars, fire trucks and ambulances,
generally have the right to cross an intersection against a traffic signal. Emergency
vehicles have in the past typically depended on horns, sirens and flashing lights to
alert other drivers approaching the intersection that an emergency vehicle intends to
cross the intersection. However, due to hearing impairment, air conditioning, audio
systems and other distractions, often the driver of a vehicle approaching an
intersection will not be aware of a warning being emitted by an approaching
emergency vehicle.

[0004] Traffic control preemption systems assist authorized vehicles (police, fire and
other public safety or transit vehicles) through signalized intersections by making
preemption requests to the intersection controllers that control the traffic lights at the
intersections. The intersection controller may respond to the preemption request
from the vehicle by changing the intersection lights to green in the direction of travel
of the approaching vehicle. This system improves the response time of public safety
personnel, while reducing dangerous situations at intersections when an emergency
vehicle is trying to cross on a red light. In addition, speed and schedule efficiency
can be improved for transit vehicles.

[0005] There are presently a number of known traffic control preemption systems
that have equipment installed at certain traffic signals and on authorized vehicles.
One such system in use today is the OPTICOM® system. This system utilizes a
high power strobe tube (emitter), which is located in or on the vehicle and generates
light pulses at a predetermined rate, typically 10 Hz or 14 Hz. A receiver, which

includes a photodetector and associated electronics, is typically mounted on the
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mast arm located at the intersection and produces a series of voltage pulses, the
number of which are proportional to the intensity of light pulses received from the
emitter. The emitter generates sufficient radiant power to be detected from over
2500 feet away. The conventional strobe tube emitter generates broad spectrum
light. However, an optical filter is used on the detector to restrict its sensitivity to light
only in the near infrared (IR) spectrum. This minimizes interference from other
sources of light.

[0006] Intensity levels are associated with each intersection approach to determine
when a detected vehicle is within range of the intersection. Vehicles with valid
security codes and a sufficient intensity level are reviewed with other detected
vehicles to determine the highest priority vehicle. Vehicles of equivalent priority are
selected in a first come, first served manner. A preemption request is issued to the
controller for the approach direction with the highest priority vehicle travelling on it.
[0007] Another common system in use today is the OPTICOM GPS priority control
system. This system utilizes a GPS receiver in the vehicle to determine location,
speed and heading of the vehicle. The information is combined with security coding
information that consists of an agency identifier, vehicle class, and vehicle ID, and is
broadcast via a proprietary 2.4 GHz radio.

[0008] An equivalent 2.4 GHz radio located at the intersection along with associated
electronics receives the broadcasted vehicle information. Approaches to the
intersection are mapped using either collected GPS readings from a vehicle
traversing the approaches or using location information taken from a map database.
The vehicle location and direction are used to determine on which of the mapped
approaches the vehicle is approaching toward the intersection and the relative
proximity to it. The speed and location of the vehicle are used to determine the
estimated time of arrival (ETA) at the intersection and the travel distance from the
intersection. ETA and travel distances are associated with each intersection
approach to determine when a detected vehicle is within range of the intersection
and therefore a preemption candidate. Preemption candidates with valid security
codes are reviewed with other detected vehicles to determine the highest priority
vehicle. Vehicles of equivalent priority are selected in a first come, first served
manner. A preemption request is issued to the controller for the approach direction

with the highest priority vehicle travelling on it.
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[0009] With metropolitan wide networks becoming more prevalent, additional means
for detecting vehicles via wired networks, such as Ethernet or fiber optics, and
wireless networks, such as cellular, Mesh or 802.11b/g, may be available. With
network connectivity to the intersection, vehicle tracking information may be
delivered over a network medium. In this instance, the vehicle location is either
broadcast by the vehicle itself over the network or it may be broadcast by an
intermediary gateway on the network that bridges between, for example, a wireless
medium used by the vehicle and a wired network on which the intersection
electronics reside. In this case, the vehicle or an intermediary reports, via the
network, the vehicle’s security information, location, speed and heading along with
the current time on the vehicle, to centrally sited software and hardware systems or
to intersection devices on the network. The vehicle information is evaluated using
approach maps as described in the Opticom GPS system. The security coding could

be identical to the Opticom GPS system or employ another coding scheme.

SUMMARY

[0010] A disclosed method includes inputting to a conditional preemption circuit,
values of a plurality of incident parameters that include at least a vehicle unit
identifier of a vehicle unit and an incident priority that describes an incident. The
method includes determining a preemption mode for a vehicle associated with the
vehicle unit identifier based on one or more of the plurality of incident parameters by
the conditional preemption circuit. The preemption mode is one of a first mode or a
second mode. The method includes enabling traffic signal preemption for the vehicle
unit in response to the conditional preemption circuit determining the first mode and
disabling traffic signal preemption for the vehicle unit in response to the conditional
preemption circuit determining the second mode.

[0011] A disclosed system includes a computer system having one or more
processors and memory configured with instructions that when executed cause the
one or more processors to input values of a plurality of incident parameters that
include at least a vehicle unit identifier of a vehicle unit and an incident priority that
describes an incident. The one or more processors determine a preemption mode
for a vehicle associated with the vehicle unit identifier based on one or more of the
plurality of incident parameters. The preemption mode is one of a first mode or a

second mode. The one or more processors enable traffic signal preemption for the
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vehicle unit in response to the conditional preemption circuit determining the first
mode, and disable traffic signal preemption for the vehicle unit in response to the
conditional preemption circuit determining the second mode.

[0012] In additional embodiments, the conditional preemption circuit generates a
configuration message that specifies the preemption mode by the conditional
preemption circuit and transmits the configuration message to the vehicle unit
identified by the value of the vehicle unit identifier. The vehicle unit is configured to
operate in the preemption mode specified in the configuration message. The
enabling includes enabling issuing of preemption requests by the vehicle unitin
response to the preemption mode being the first mode, and the disabling includes
disabling issuing of preemption requests by the vehicle unit in response to the
preemption mode being the second mode.

[0013]In additional embodiments, priority request generator receives data indicating
a current location, speed, and heading of the vehicle, and determines one or more
intersections for which the vehicle is eligible for preemption. A plurality of
intersections includes the one or more intersections. For each of the one or more
intersections, a request is communicated to traffic signal control circuitry at the one
or more intersections. The enabling includes communicating a first mode
specification in the request, and the disabling includes communicating the second
mode in the request.

[0014] In additional embodiments, the enabling includes communicating the
preemption request to one or more processes executing on a centralized data
processing system and functioning as one or more phase selectors.

[0015]In additional embodiments, the communicating the preemption request to the
traffic signal control circuitry includes communicating the preemption request to one
or more phase selectors at the one or more intersections.

[0016]In additional embodiments, the determining the preemption mode includes
evaluating a plurality of trigger conditions, and each trigger condition references one
or more of the plurality of incident parameters. The evaluating determines the first
mode in response to any of the trigger conditions evaluating to true.

[0017]In additional embodiments, the one or more of the plurality of incident
parameters include an incident type, and the value of the incident type indicates one
of an alarm, a burglary, a crash, a disturbance, a domestic dispute, a fire, a

hazardous materials emergency, or a medical emergency. The evaluating of the
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plurality of trigger conditions determines the first mode in response to the incident
type having a first value, and the evaluating of the plurality of trigger conditions
determines the second mode in response to the incident type having a second value.
[0018] In additional embodiments, the one or more of the plurality of incident
parameters include a vehicle unit status, and the value of the vehicle unit status
indicates one of available, unavailable, dispatched, in-route, on-scene, or off-duty.
The evaluating of the plurality of trigger conditions determines the first mode in
response to the vehicle unit status having a first value, and the evaluating of the
plurality of trigger conditions determines the second mode in response to the vehicle
unit status having a second value.

[0019]In additional embodiments, the one or more of the plurality of incident
parameters include a vehicle unit type, and the value of the vehicle unit type
indicates one of and animal-carrying vehicle, a detective vehicle, a patrol vehicle, a
fire vehicle, or an emergency medical transport vehicle. The evaluating of the
plurality of trigger conditions determines the first mode in response to the vehicle unit
type having a first value, and the evaluating of the plurality of trigger conditions
determines the second mode in response to the vehicle unit type having a second
value.

[0020] In additional embodiments, the plurality of incident parameters include an
incident type, a vehicle unit status, and a vehicle unit type. The determining includes
evaluating a plurality of trigger conditions, each trigger condition references values of
one or more of the plurality of incident parameters and at least one trigger condition
references two or more of the plurality of incident parameters, and the evaluating
determines the first mode in response to any of the trigger conditions evaluating to
true. The evaluating of the plurality of trigger conditions determines the first mode in
response to one of the plurality of incident parameters having a first value, and the
evaluating of the plurality of trigger conditions determines the second mode in
response to the one of the plurality of incident parameters having a second value.
[0021]In additional embodiments, the preemption mode is one of the first mode, the
second mode, or a third mode, the first mode has a first level of preemption priority,
and the third mode has a second level of preemption priority that is less than the first
level of preemption priority.

[0022] Another disclosed method includes inputting to a conditional preemption

circuit, values of a plurality of incident parameters that include at least a vehicle unit
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identifier of a vehicle unit and an incident priority that describes an incident. The
method includes determining by the conditional preemption circuit, a vehicle class
based on one or more of the plurality of incident parameters. The method
determines in response to a preemption request communicated from the vehicle unit,
whether or not the vehicle unit qualifies for preemption at one or more intersections
based at least on the vehicle class, location of the vehicle, and heading of the
vehicle unit specified in the preemption request. The method includes
communicating phase selection signals to traffic signal control circuitry at the one or
more intersections in response to determining that the vehicle unit qualifies for
preemption at the one or more intersections.

[0023] Another disclosed system includes a computer system having one or more
processors and memory configured with instructions that when executed cause the
one or more processors to input values of a plurality of incident parameters that
include at least a vehicle unit identifier of a vehicle unit and an incident priority that
describes an incident. The one or more processors determine a vehicle class based
on one or more of the plurality of incident parameters. The one or more processors
determine, in response to a preemption request communicated from the vehicle unit,
whether or not the vehicle unit qualifies for preemption at one or more intersections
based at least on the vehicle class, location of the vehicle, and heading of the
vehicle unit specified in the preemption request. The one or more processors
communicate phase selection signals to traffic signal control circuitry at the one or
more intersections in response to determining that the vehicle unit qualifies for
preemption at the one or more intersections.

[0024] In additional embodiments, the conditional preemption circuit generates a
configuration message that specifies a vehicle priority classification code for the
vehicle priority class. The conditional preemption circuit transmits the configuration
message from to the vehicle unit, and the vehicle unit is configured to operate with
the vehicle priority classification code specified in the configuration message. The
vehicle unit transmits the preemption request having the vehicle priority classification
code. The determining includes determining by respective one or more of a plurality
of phase selector circuits at the one or more intersections that the vehicle unit
qualifies for traffic signal preemption.

[0025]In additional embodiments, the determining whether or not the vehicle unit

qualifies for preemption includes determining whether or not the vehicle unit qualifies
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for preemption at the one or more intersections by one or more processes executing
on a centralized data processing system and functioning as respective phase
selectors for the one or more intersections.

[0026] In additional embodiments, the determining the vehicle class includes
evaluating a plurality of trigger conditions, each trigger condition references one or
more of the plurality of incident parameters, and the evaluating determines the
vehicle class in response to any of the trigger conditions evaluating to true.

[0027]In additional embodiments, the one or more of the plurality of incident
parameters include an incident type, and the value of the incident type indicates one
of an alarm, a burglary, a crash, a disturbance, a domestic dispute, a fire, a
hazardous materials emergency, or a medical emergency. The evaluating of the
plurality of trigger conditions determines the vehicle class to be a first vehicle class in
response to the incident type having a first value, and the evaluating of the plurality
of trigger conditions determines the vehicle class to be a second vehicle class in
response to the incident type having a second value.

[0028] In additional embodiments, the one or more of the plurality of incident
parameters include a vehicle unit status, and the value of the vehicle unit status
indicates one of available, unavailable, dispatched, in-route, on-scene, or off-duty.
The evaluating of the plurality of trigger conditions determines the vehicle class to be
a first vehicle class in response to the vehicle unit status having a first value, and the
evaluating of the plurality of trigger conditions determines the vehicle class to be a
second vehicle class in response to the vehicle unit status having a second value.
[0029] In additional embodiments, the one or more of the plurality of incident
parameters include a vehicle unit type, and the value of the vehicle unit type
indicates one of and animal-carrying vehicle, a detective vehicle, a patrol vehicle, a
fire vehicle, or an emergency medical transport vehicle. The evaluating of the
plurality of trigger conditions determines the vehicle class to be a first vehicle class in
response to the vehicle unit type having a first value. The evaluating of the plurality
of trigger conditions determines the vehicle class to be a second vehicle class in
response to the vehicle unit type having a second value.

[0030]In additional embodiments, the plurality of incident parameters include an
incident type, a vehicle unit status, and a vehicle unit type. The determining the
vehicle class includes evaluating a plurality of trigger conditions. Each trigger

condition references values of one or more of the plurality of incident parameters and
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at least one trigger condition references two or more of the plurality of incident
parameters. The evaluating determines the vehicle class to be a first vehicle class in
response to the at least one trigger condition evaluating to true and determines the
vehicle class to be a second vehicle class in response to another of the trigger
conditions evaluating to true.

[0031] Other embodiments will be recognized from consideration of the Detailed

Description and Claims, which follow.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] Various aspects and advantages of the disclosed embodiments will become

apparent upon review of the following detailed description and upon reference to the
drawings in which:

[0033]FIG. 1 shows a distributed approach for configuring traffic signal preemption
modes of vehicles based on incident parameters;

[0034]FIG. 2 shows a centralized approach for configuring traffic signal preemption
modes of vehicles based on incident parameters;

[0035]FIG. 3 shows a distributed approach for configuring classifications of vehicles
based on incident parameters for controlling traffic signal preemption;

[0036]FIG. 4 shows a centralized approach for configuring classifications of vehicles
based on incident parameters for controlling traffic signal preemption;

[0037]FIG. 5 shows a flowchart of exemplary processes for configuring traffic signal
preemption modes of vehicles based on incident parameters;

[0038]FIG. 6 shows a flowchart of exemplary processes for configuring
classifications of vehicles based on incident parameters for controlling traffic signal
preemption;

[0039]FIG. 7 shows an exemplary data structure for specification of preemption
triggers; and

[0040]FIG. 8 shows an exemplary user interface for specifying preemption triggers

consistent with the exemplary data structure of FIG. 7.
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DETAILED DESCRIPTION OF THE DRAWINGS

[0041] In the following description, numerous specific details are set forth to describe

specific examples presented herein. It should be apparent, however, to one skilled
in the art, that one or more other examples and/or variations of these examples may
be practiced without all the specific details given below. In other instances, well
known features have not been described in detail so as not to obscure the
description of the examples herein. For ease of illustration, the same reference
numerals may be used in different diagrams to refer to the same elements or
additional instances of the same element.

[0042] Equipment for controlling traffic signals at an intersection generally includes
an intersection controller that cycles through the green, yellow, and red phases of a
traffic light and a phase selector that receives identification and tracking information
from vehicles. The phase selector determines when to submit a preemption or
priority control request to the traffic controller based on the ETA and/or distance
between the associated vehicle and the intersection. In response to a preemption or
priority control request the intersection controller can deviate from timed phases and
extend the duration of a green phase or truncate the duration of a red phase in order
to reduce or eliminate the stop time at the intersection for associated vehicles.
[0043] The disclosed approaches for managing traffic signal preemption enable
traffic signal preemption to be dynamically turned on and turned off, or preemption
priority dynamically changed for individual vehicles. That is, in response to reporting
of a first type of incident a vehicle (or class of vehicle) can be assigned one
preemption priority, and in response to reporting of a second type of incident, the
same vehicle (or vehicles in the same class) can be can be turned off or assigned a
different preemption priority. For example, emergency vehicle preemption (EVP) can
be turned on and turned off for a particular vehicle or class of vehicles based on an
incident priority, an incident type, the status of a vehicle unit, and/or the type of
vehicle carrying the vehicle unit. The vehicle unit can be an on-board vehicle
computer that is programmed to initiate preemption requests according to the
processes described herein.

[0044] Examples of different incidents can include general facility alarms, burglaries,
crashes, general disturbances, domestic disturbances, fires, hazmat emergencies,
and medical emergencies. When a dispatcher generates an incident report, a

priority level can be assigned to the incident, and different priority levels can be used
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to trigger different preemption modes. Examples of vehicle types that may request
preemption in responding to different incidents can include police squad cars,
S.W.AT. vehicles, firefighting apparatus, hazmat vehicles, search and rescue
vehicles, ambulances, public utility vehicles, tow trucks, etc. Preemption modes of
non-emergency vehicles can also be dynamically configured based on incident
parameters. For example, public transit vehicles and delivery vehicles can also have
preemption modes changed in response to reports of non-emergency incidents.
[0045] According to the features of one method and system, incident parameters can
be used to conditionally enable and disable different preemption modes for particular
vehicle units. The preemption modes can include a high mode, which enables traffic
signal preemption for a vehicle, and a probe mode, which effectively disables traffic
signal preemption. An alternative to probe mode would be an explicit disable mode,
which can prevent a vehicle from issuing requests or cause requests from a vehicle
to be ignored. The high mode can enable generating of EVP requests. Different
preemption modes can have different priorities for preempting traffic signals. For
example, a transit signal priority (TSP) preemption mode can have a lower priority
than an EVP mode, and a vehicle can have a TSP mode for some incidents and
probe mode for other incidents.

[0046] According to the features of another method and system, the classification of
a vehicle can be dynamically changed based on incident parameters, with
preemption priority being affected by the vehicle classification. In response to
incident parameters that include at least a vehicle unit identifier of a vehicle unit and
an incident priority, a conditional preemption circuit determines a vehicle class to
assign to the identified vehicle unit based on one or more of the incident parameters.
In response to a preemption request communicated from or generated externally for
a vehicle unit, the system determines whether or not the vehicle qualifies for
preemption at one or more intersections based at least on the vehicle class, location
of the vehicle, and heading of the vehicle specified in the preemption request. In
response to determining that the vehicle qualifies for preemption at the one or more
intersections, phase selection signals are communicated to traffic signal control
circuitry, such as phase selectors and/or intersection controllers at the one or more
intersections.

[0047]FIG. 1 shows a distributed approach for configuring traffic signal preemption

modes of vehicles based on incident parameters. The system of FIG. 1 includes
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multiple arrangements of intersection components 102, multiple arrangements of
vehicle components 104, a centralized management system 106, and a computer
aided dispatch (CAD) system 108. The arrangements of intersection components
can be disposed at respective intersections, and the arrangements of vehicle
components 104 can be disposed in respective vehicles, such as emergency, transit,
or delivery vehicles.

[0048] The arrangements of vehicle components 104 can be individually configured
with a preemption mode, and the preemption mode can be dynamically determined
and changed based on different incidents occurring at different times.

[0049] The desired preemption mode for an incident can be determined and changed
by the conditional preemption module 110, which can be implemented as software
that is part of the centralized management system 106. The centralized
management system can be hosted on a computer system that has memory and
storage circuitry, one or more processors configured to execute the software, and
communication interfaces for communicating with vehicle components 104. The
computer system can also have network interfaces for communicating with the CAD
system 108.

[0050] The conditional preemption module 110 can be configured to evaluate
incident parameters 116 relative to preemption triggers 112. The preemption
triggers can be specified through a configuration user interface 114, which can be a
component of the centralized management system. The preemption triggers can
specify combinations of incident parameter values that when detected trigger
configuration of different preemption modes for different vehicles. In an exemplary
implementation, the incident parameters can include a unit identifier, an incident
priority, an incident type, a unit type, a unit status, and an agency identifier. The unit
identifier can uniquely identify the vehicle being dispatched and can include an
address (e.g., IP address) for communicating with an arrangement of on-board
vehicle components 104. The incident priority can indicate the degree of urgency
with which the dispatched vehicle should proceed. The number of priority levels can
vary according to implementation requirements. Exemplary incident types can
include alarm, burglary, crash, disturbance, domestic disturbance, fire, hazmat, and
medical. Exemplary unit types can include animal, detective, patrol, fire, EMS, as

well as transit and delivery vehicles. Exemplary unit status can include available,
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unavailable, dispatched, en route, on scene, and off duty. Exemplary agency
identifiers can include police, fire, and transit, for example.

[0051]In response to receiving an incident report from the CAD system 108, the
conditional preemption module 110 evaluates the values of the incident parameters
against the preemption triggers 112. In response to a preemption trigger matching
the combination of incident parameter values, the conditional preemption module
communicates a configuration message to the vehicle unit of one of the
arrangements of vehicle components 104 as identified by the unit identifier specified
in the incident report.

[0052] According to one implementation, the configuration message can specify
either a high mode or a probe mode. In high mode, traffic signal preemption is
enabled for the vehicle by way of the vehicle unit 118 issuing EVP requests. In
probe mode, traffic signal preemption is effectively disabled for the vehicle by way of
the vehicle unit 118 issuing probe requests. EVP requests are given priority by the
phase selector 120 over other competing requests, such as transit signal priority
(TSP) requests. Probe requests are not evaluated by the phase selector for
interrupting phases of the traffic signals 122. Rather, for a probe request the phase
selector logs data associated with the probe request, such as a date and time stamp,
requester identifier, etc. By logging data and not interrupting the traffic signal phase
in response to a probe request, preemption is effectively disabled.

[00563]In alternative implementations, one or more additional preemption modes can
be provided to configure the vehicle unit 118. That is, the available preemption
modes need not be limited to high mode and probe mode. Exemplary additional
preemption modes could be a mode that configures the vehicle unit to issue TSP
preemption requests and/or a mode that prevents issuing of requests by or for a
vehicle.

[0064] Each arrangement of vehicle components 104 can include a vehicle unit 118,
an infrared (IR) light emitter 123 and/or an RF transceiver 124. The arrangement
can further include global positioning system (GPS) modules (not shown). The IR
emitter can issue preemption requests encoded as IR signals for IR-based
preemption controls consistent with recognized systems. The RF transceiver can
issue preemption requests encoded as radio signals for GPS based preemption
controls consistent with recognized systems. The preemption requests can be

issued to one or more in-range intersections. Examples of the vehicle modules 123
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and 124 are those of the OPTICOM emitter-based system and the OPTICOM GPS
priority control system. The vehicle components can include a cellular
communications interface 126, which is coupled to the vehicle unit 118, for
communicating with the conditional preemption module 110.

[0055] The intersection components 102 can include IR detector circuitry 128 and/or
radio transceiver circuitry 130. The IR detector receives IR-encoded preemption
requests, and the RF transceiver receives RF encoded preemption requests. The
preemption requests are evaluated and prioritized by the phase selector 120. The
phase selector, which can be implemented on a microprocessor or as programmable
logic, provides phase control signals to the intersection controller 132, which controls
the phases (the phases including a green phase, a yellow phase, and a red phase,
for example) of the traffic signals 122. The phase selector 120 can be configured to
select one preemption candidate from a set of preemption candidates for signaling
the intersection controller 132 to preempt the phases of the traffic signals. The
selection of the preemption candidate is made based on a variety of factors such as
relative priorities based on vehicle classifications, ages of the requests, and the
approach of an in-progress preemption request in combination with the approaches
associated with the preemption candidates.

[0056] As an alternative to the distributed approach to configuring preemption modes
of vehicles as shown in FIG. 1, the preemption modes of vehicles can be centrally
managed.

[0057]FIG. 2 shows a centralized approach for configuring traffic signal preemption
modes of vehicles based on incident parameters. In the centralized approach, the
configuration of preemption modes of vehicles is maintained by the centralized
management system 200 rather than at the vehicles, and the centralized
management system determines whether or not to issue preemption requests to
intersections.

[0058]In response to receiving an incident report from the CAD system 108, the
conditional preemption module 202 evaluates the values of the incident parameters
against the preemption triggers 112. In response to a preemption trigger matching
the combination of incident parameter values, the conditional preemption module
associates the preemption mode of the trigger with the vehicle identified by the

incident report. The associations between vehicles and preemption modes can be
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maintained in a table stored in memory of the centralized management system, for
example.

[0059] Vehicle data sets are sent from the arrangements of vehicle components 204,
and the data sets are provided from the conditional preemption module to the priority
request generator 206. The conditional preemption module can receive the vehicle
data sets directly from the arrangements of vehicle components or from the CAD
system 108. Each vehicle data set can include a vehicle identifier, a position, speed,
and a heading.

[0060] The priority request generator determines which intersection(s) for which the
vehicle is eligible to preempt the traffic signals, such as by comparing the vehicle
location and heading to approach maps defined for the intersections. For each
intersection for which the vehicle is eligible for preemption, the priority request
generator communicates a preemption request to traffic signal control circuitry at the
intersection. The request(s) to the intersection specify the preemption mode, which
effectively either enables or disables preemption. If the priority request generator
determines that the vehicle is not eligible for preemption, the priority request
generator sends no request.

[0061]In some implementations, the priority request generator can prioritize vehicles
competing for preemption at an intersection and select one of the vehicles and
generate a preemption to the intersection controller 132 at the intersection. In other
implementations, the intersections can have phase selectors that prioritize and select
from competing preemption requests, and the priority request generator can send
preemption requests to the phase selectors for processing.

[0062] In response to a vehicle data set sent from a vehicle unit 218, the conditional
preemption module 202 looks-up the preemption mode associated with the vehicle
identified in the data set. The conditional preemption module communicates the
information from the data set and the preemption mode (e.g., high, probe etc.) to the
priority request generator 206. Based on the position and heading information in the
data set and approach maps defined for the intersections, the priority request
generator determines which intersection(s), if any, to which a request (EVP, TSP, or
probe request) should be sent. The priority request generator then communicates
the request to the intersection(s) determined to have approach maps that
encompass the vehicle. Traffic signal preemption at an intersection is effectively

enabled with the priority request generator determining which intersection(s) is in
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range and the associated preemption mode being high, or some mode other than
probe which can cause a change in signal phase. Traffic signal preemption at an
intersection is effectively disabled with the priority request generator determining
which intersection(s) is in range and the associated preemption mode being probe,
or some mode other that cannot cause a change in signal phase.

[0063] Each arrangement of vehicle components 204 can include a vehicle unit 218
and interface circuitry 226 that provides a communication channel between the
vehicle unit and either the CAD system 108 or the conditional preemption module
202. The interface circuitry 226 can provide a cellular communications interface or a
WIFI interface to a city-wide or regional network. The arrangement 204 can further
include global positioning system (GPS) modules (not shown).

[0064] The intersection components 230 can include interface circuitry 232, which
supports a communications channel between the intersection controller 132 and the
priority request generator 206. The interface circuitry 232 can provide a cellular
communications interface or a WIFI| interface to a city-wide or regional network. In
some implementations, the priority request generator evaluates and prioritizes
preemption requests for instructing the intersection controller 132 to change signal
phases. Multiple processes (not shown) executing on the computer system that
hosts the centralized management system 200 can implement phase selector
functions for associated intersections. In other implementations, the intersection
components can include a phase selector (not shown) that evaluates and prioritizes
preemption requests, as described above.

[0065]FIGs. 1 and 2 show exemplary approaches in which traffic signal preemption
can be enabled and disabled by triggering on incident parameters to configure
individual preemption modes for different vehicles. In some systems that support
traffic signal preemption, vehicle classifications are used to prioritize preemption
requests. FIGs. 3 and 4 show exemplary approaches in which traffic signal
preemption can be enabled and disabled by triggering on incident parameters to
configure vehicle classifications for different vehicles.

[0066]FIG. 3 shows a distributed approach for configuring classifications of vehicles
based on incident parameters for controlling traffic signal preemption. The
arrangements of vehicle components 104 can be individually configured with a
vehicle classification, and the vehicle classification can be dynamically determined

and changed based on different incidents occurring at different times.
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[0067] The desired vehicle classification for an incident can be determined and
changed by the conditional preemption module 302, which can be implemented as
software that is part of the centralized management system 106. The conditional
preemption module 302 can be configured to evaluate incident parameters 116
relative to preemption triggers 304. The preemption triggers can be specified
through a configuration user interface 114, which can be a component of the
centralized management system. The preemption triggers can specify combinations
of incident parameter values that when detected trigger configuration of different
vehicle classifications for different vehicles.

[0068]In response to receiving an incident report from the CAD system 108, the
conditional preemption module 302 evaluates the values of the incident parameters
against the preemption triggers 304. In response to a preemption trigger matching
the combination of incident parameter values in the incident report, the conditional
preemption module communicates a configuration message to the vehicle unit of one
of the arrangements of vehicle components 104 as identified by the unit identifier
specified in the incident report.

[0069] The configuration message can specify a vehicle classification that the vehicle
unit 118 stores in a memory and includes in preemption requests to the
arrangements of intersection components 102.

[0070] The vehicle classification in a preemption request can be used by the phase
selector 120 to determine whether or not the vehicle qualifies for preemption based
on the vehicle class, location of the vehicle, and heading of the vehicle specified in
the preemption request, and to prioritize requests from different vehicles. For
example, the classes of vehicles can include police, fire, EMT, and transit. If a fire
vehicle and a transit vehicle have both transmitted preemption requests from
different approaches to the same intersection, the phase selector can preempt the
traffic signals at the intersection in favor of the fire vehicle over the transit vehicle.
The phase selector communicates phase selection signals to traffic signal controller
132 in response to determining that the vehicle qualifies for preemption at the
intersection.

[0071] The disclosed features may be useful to dynamically increase or decrease the
relative preemption priorities given to vehicles for different incidents. As an
alternative to the distributed approach to configuring vehicle classifications as shown

in FIG. 3, the vehicle classifications can be centrally managed.
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[0072]FIG. 4 shows a centralized approach for configuring classifications of vehicles
based on incident parameters for controlling traffic signal preemption. In the
centralized approach, the configuration of vehicle classifications is maintained by the
centralized management system 200 rather than at the vehicles. The centralized
management system can determine whether or not to issue preemption requests to
intersections.

[0073]In response to receiving an incident report from the CAD system 108, the
conditional preemption module 402 evaluates the values of the incident parameters
against the preemption triggers 404. In response to a preemption trigger matching
the combination of incident parameter values, the conditional preemption module
associates the vehicle classification of the trigger with the vehicle identified by the
incident report. The associations between vehicles and vehicle classifications can
be maintained in a table stored in memory of the centralized management system,
for example.

[0074] Vehicle data sets are sent from the arrangements of vehicle components 204,
and the data sets are provided from the conditional preemption module 402 to the
priority request generator 406. The conditional preemption module can receive the
vehicle data sets directly from the arrangements of vehicle components or from the
CAD system 108. Each vehicle data set can include a vehicle identifier, a position,
and a heading.

[0075]In response to a vehicle data set sent from a vehicle unit 218, the conditional
preemption module 402 looks-up the vehicle classification associated with the
vehicle identified in the data set. The conditional preemption module communicates
the information from the vehicle data set and the vehicle classification to the priority
request generator 406. Based on the position, speed, and heading information in the
vehicle data set and approach maps defined for the intersections, the priority request
generator determines which intersection(s), if any, to which a request (EVP, TSP, or
probe request) should be sent. The priority request generator prioritizes requests
according to the vehicle classification.

[0076] The vehicle classification indicates to the priority request generator how a
preemption request for that vehicle is to be prioritized. For example, a police vehicle
can transmit a vehicle data set, and ordinarily an EVP level preemption request
would be generated based on a static vehicle classification. However, with the

dynamic vehicle classification approach, the vehicle data set from a police vehicle
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can be prioritized at the same level as a vehicle data set from a transit vehicle
depending on the configured classification. Alternatively, EVP level preemption
requests can always have priority over TSP requests, with adjusted vehicle
classifications used to control priority between competing EVP requests. The priority
request generator communicates a preemption/priority request to the intersection(s)
determined to have approach maps that encompass the vehicle.

[0077] Multiple processes (not shown) executing on the computer system that hosts
the centralized management system 200 can implement phase selector functions for
associated intersections. In other implementations, the intersection components 230
can include a phase selector (not shown) that evaluates and prioritizes preemption
requests, as described above.

[0078]FIG. 5 shows a flowchart of exemplary processes for configuring traffic signal
preemption modes of vehicles based on incident parameters. At block 502, the
conditional preemption module receives an incident report that has parameter values
that describe the incident and identify a dispatched vehicle. The parameters include
at least an incident priority that describes an incident and a vehicle unit identifier of a
vehicle unit, which is aboard a vehicle dispatched to the incident.

[0079] At block 504, the conditional preemption module determines a preemption
mode for the vehicle associated with the vehicle unit identifier. The conditional
preemption module evaluates the preemption triggers, which use one or more of the
incident parameter values. According to an exemplary approach, the default
preemption mode of a vehicle is probe mode, and if a trigger matches the incident
parameter values, the preemption mode is changed to high. In an alternative
approach, each preemption trigger can specify a preemption mode to allow for more
preemption modes than high and probe. In an exemplary approach, each
preemption trigger is a Boolean expression referencing incident parameters and
values, and if the expression evaluates the true, the preemption trigger is deemed to
match the parameter values.

[0080] At decision block 506, the conditional preemption circuit determines whether
or not any of the preemption triggers evaluated to true. If so, at block 508 the high
preemption mode is selected, which effectively enables traffic signal preemption for
the vehicle unit once the mode is configured. Otherwise, at block 510 the probe
preemption mode is selected, which effectively disables traffic signal preemption for

the vehicle unit when the mode is so configured. In approaches involving more than
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high and probe modes, at block 508 the preemption mode specified by the
preemption trigger can be selected as the preemption mode.

[0081] A timer can be used to limit the duration for which preemption is enabled for a
vehicle. A timer can be associated with each vehicle. At block 512, if the
preemption mode is set to high, the timer is reset. Blocks 518, 520, and 522 show
the processing associated with a timer.

[0082] For a distributed approach as exemplified in FIG. 1, at block 514, the
conditional preemption module generates and sends a configuration message to the
vehicle unit identified by incident parameters. For a centralized approach as
exemplified in FIG. 2, at block 516 the conditional preemption module communicates
vehicle information (unit identifier, location, and heading when a preemption request
is received from a vehicle) and the mode to the priority request generator. For the
centralized approach, probe requests need not be sent to the intersection, though
the requests can be useful for logging. In one implementation, as the vehicle
approaches the intersection the mode can be high, and when the vehicle reaches
some point within the approach to the intersection the mode can be transitioned to
probe.

[0083] At block 518, the timer is reset, and decision block 520 repeats until the timer
expires. In an exemplary implementation, the configured preemption mode (e.qg.,
high) of a vehicle unit remains for 10 minutes if no further requests are received to
reset the timer. Once the timer expires, at block 522 the preemption mode is
assigned probe, and the vehicle unit is configured with the probe mode according to
one of blocks 514 or 516.

[0084]FIG. 6 shows a flowchart of exemplary processes for configuring
classifications of vehicles based on incident parameters for controlling traffic signal
preemption.

[0085] At block 602, the conditional preemption module receives an incident report
that has parameter values that describe the incident and identify a dispatched
vehicle. The parameters include at least an incident priority that describes an
incident and a vehicle unit identifier of a vehicle unit, which is aboard a vehicle
dispatched to the incident.

[0086] At block 604, the conditional preemption module determines a vehicle
classification for the vehicle associated with the vehicle unit identifier. The

conditional preemption module evaluates the preemption triggers, which use one or
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more of the incident parameter values. According to an exemplary approach, the
default vehicle classification of a vehicle can be a vehicle classification having the
lowest preemption priority, and if a trigger matches the incident parameter values,
the vehicle classification is changed to the vehicle classification having the highest
preemption priority. In an alternative approach, each preemption trigger can specify
a vehicle classification to allow for more vehicle classifications than highest and
lowest preemption priorities. In an exemplary approach, each preemption triggeris a
Boolean expression referencing incident parameters and values, and if the
expression evaluates the true, the preemption trigger is deemed to match the
parameter values.

[0087] At decision block 606, the conditional preemption circuit determines whether
or not any of the preemption triggers evaluated to true. If so, at block 608 the vehicle
classification code is assigned to the identified vehicle unit, which can effectively
enable or disable traffic signal preemption for the vehicle unit once the vehicle
classification is configured. Otherwise, the process returns to block 602 to wait for
the next incident report.

[0088] A timer can be used to limit the duration for which preemption is enabled for a
vehicle. A timer can be associated with each vehicle. At block 610, if a preemption
trigger evaluated to true, the timer is reset. Blocks 616, 618, and 620 show the
processing associated with a timer.

[0089] For a distributed approach as exemplified in FIG. 3, at block 612, the
conditional preemption module generates and sends a configuration message to the
vehicle unit identified by incident parameters. For a centralized approach as
exemplified in FIG. 4, at block 614 conditional preemption module communicates
vehicle information (unit identifier, location, and heading when a preemption request
is received from a vehicle) and the vehicle classification to the priority request
generator.

[0090] At block 616, the timer is reset, and decision block 618 repeats until the timer
expires. In an exemplary implementation, the configured vehicle classification of a
vehicle unit remains for 10 minutes if no further requests are received to reset the
timer. Once the timer expires, at block 522 the vehicle classification is assigned the
default vehicle classification, and the vehicle unit is configured with the default

vehicle classification according to one of blocks 612 or 614.
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[0091]FIG. 7 shows an exemplary data structure for specification of preemption
triggers. Trigger A and Trigger B are examples of two preemption triggers. Each
trigger can include one or more activators that together specify a Boolean
expression. Multiple activators can be linked by an AND or an OR operator (or
“link”). Each activator specifies one of the incident parameters (“field”), an operator
(equal to or not equal to), and one or more values (“members”).

[0092] Trigger A is shown as having two activators, “AA” and “AB,” and trigger B is
shown has having two activators, “BA” and “BB.” Though the exemplary triggers
each have two activators, an activator can have N activators for N = 1.

[0093] The field of an activator can be any of the parameters of an incident report,
such as the exemplary unit identifier, incident priority, incident type, unit type, unit
status, and agency identifier. The member(s) in an activator can be any value
deemed by system management personnel to be relevant. Examples of members
for the fields are those parameter values described above for the unit identifier,
incident priority, incident type, unit type, unit status, and agency identifier.
[0094] An activator evaluates to true if the parameter value in the incident report
matches any of the specified members, with a match being defined by the specified
operator (= or !=). According to one implementation, activators in a trigger are not
grouped when evaluating. Thus, using a combination of AND links and OR links
between activators in a trigger should be avoided. Instead, separate triggers can be
used to detect the desired alternative trigger conditions.

[0095]FIG. 8 shows an exemplary user interface for specifying preemption triggers
consistent with the exemplary data structure of FIG. 7.

[0096] A preemption trigger can be created by selecting the plus button 802. An
activator can be created in the trigger by selecting the plus button 804. The
exemplary preemption trigger has two activators linked by an AND operator. The
first activator specifies the “IncidentPriority” parameter as the field 806 of the
activator, and a pull-down menu can be used to select parameter. The specified
operator of the activator is equal-to, which in the user interface is shown as the “Is.”
The “Is NOT” option can be used to specify a not-equal-to operator. The specified
members of the activator are the values 1 and 2.

[0097] The second activator specifies the “UnitStatus” parameter as the field 808.
The specified operator is equal-to, and the member is “EN,” which can be the

parameter value that indicates that the Unit Status is enabled.
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[0098] Box 810 of the user interface shows the programmatic specification resulting
from the GUI specification of the preemption trigger

[0099] Various blocks, modules, devices, systems, units, controllers, generators or
engines can be implemented to carry out one or more of the operations and activities
described herein and/or shown in the figures. In these contexts, a block, module,
device, system, unit, generator, or controller is a circuit that carries out one or more
of the disclosed or related operations/activities. For example, in certain of the
above-discussed implementations, one or more blocks, modules, devices, systems,
units, generators or controllers are discrete logic circuits or programmable circuits
configured and arranged for implementing these operations/activities. The
programmable circuitry can be one or more computer circuits programmed to
execute a set (or sets) of instructions (and/or configuration data). The instructions
(and/or configuration data) can be in the form of firmware or software stored in and
accessible from a memory (circuit).

[0100] Some implementations are directed to a computer program product (e.g.,
nonvolatile memory device), which includes a machine or computer-readable
medium having stored thereon instructions which may be executed by a computer
(or other electronic device) to perform these operations/activities.

[0101] Though aspects and features may in some cases be described in individual
figures, it will be appreciated that features from one figure can be combined with
features of another figure even though the combination is not explicitly shown or
explicitly described as a combination.

[0102] The embodiments are thought to be applicable to a variety of systems for
controlling traffic signal phases. Other aspects and embodiments will be apparent to
those skilled in the art from consideration of the specification. The embodiments
may be implemented as one or more processors configured to execute software, as
an application specific integrated circuit (ASIC), or as a logic on a programmable
logic device. Itis intended that the specification and illustrated embodiments be
considered as examples only, with a true scope of the invention being indicated by

the following claims.
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CLAIMS
What is claimed is:

1. A method, comprising:

inputting to a conditional preemption circuit, values of a plurality of incident
parameters that include at least a vehicle unit identifier of a vehicle unit and an
incident priority that describes an incident;

determining a preemption mode for a vehicle associated with the vehicle unit
identifier based on one or more of the plurality of incident parameters by the
conditional preemption circuit, wherein the preemption mode is one of a first mode or
a second mode;

enabling traffic signal preemption for the vehicle unit in response to the
conditional preemption circuit determining the first mode; and

disabling traffic signal preemption for the vehicle unit in response to the

conditional preemption circuit determining the second mode.

2. The method of claim 1, further comprising:

generating a configuration message that specifies the preemption mode by
the conditional preemption circuit;

transmitting the configuration message from the conditional preemption circuit
to the vehicle unit identified by the value of the vehicle unit identifier;

configuring the vehicle unit to operate in the preemption mode specified in the
configuration message;

wherein the enabling includes enabling issuing of preemption requests by the
vehicle unit in response to the preemption mode being the first mode; and

wherein the disabling includes disabling issuing of preemption requests by the

vehicle unit in response to the preemption mode being the second mode.

3. The method of claim 1, further comprising:

receiving by a priority request generator, data indicating a current location,
speed, and heading of the vehicle;

determining one or more intersections for which the vehicle is eligible for
preemption by the priority request generator, wherein a plurality of intersections

includes the one or more intersections;
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for each of the one or more intersections, communicating a request to traffic
signal control circuitry at the one or more intersections;

wherein the enabling includes communicating a first mode specification in the
request; and

wherein the disabling includes communicating the second mode in the

request.

4. The method of claim 3, wherein the enabling includes communicating the
preemption request to one or more processes executing on a centralized data

processing system and functioning as one or more phase selectors.

5. The method of claim 3, wherein the communicating the preemption request to
the traffic signal control circuitry includes communicating the preemption request to

one or more phase selectors at the one or more intersections.

6. The method of any of claims 1-5, wherein the determining the preemption
mode includes evaluating a plurality of trigger conditions, each trigger condition
references one or more of the plurality of incident parameters, and the evaluating
determines the first mode in response to any of the trigger conditions evaluating to

true.

7. The method of any of claims 1-5, wherein:

the plurality of incident parameters include an incident type, a vehicle unit
status, and a vehicle unit type;

the determining includes evaluating a plurality of trigger conditions, each
trigger condition references values of one or more of the plurality of incident
parameters and at least one trigger condition references two or more of the plurality
of incident parameters, and the evaluating determines the first mode in response to
any of the trigger conditions evaluating to true;

the evaluating of the plurality of trigger conditions determines the first mode in
response to one of the plurality of incident parameters having a first value; and

the evaluating of the plurality of trigger conditions determines the second
mode in response to the one of the plurality of incident parameters having a second

value.
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8. The method of any of claims 1-5, wherein the preemption mode is one of the
first mode, the second mode, or a third mode, the first mode has a first level of
preemption priority, and the third mode has a second level of preemption priority that

is less than the first level of preemption priority.

9. A method, comprising:

inputting to a conditional preemption circuit, values of a plurality of incident
parameters that include at least a vehicle unit identifier of a vehicle unit and an
incident priority that describes an incident;

determining by the conditional preemption circuit, a vehicle class based on
one or more of the plurality of incident parameters;

determining in response to a preemption request communicated from the
vehicle unit, whether or not the vehicle unit qualifies for preemption at one or more
intersections based at least on the vehicle class, location of the vehicle, and heading
of the vehicle unit specified in the preemption request; and

communicating phase selection signals to traffic signal control circuitry at the
one or more intersections in response to determining that the vehicle unit qualifies

for preemption at the one or more intersections.

10.  The method of claim 9, further comprising:

generating a configuration message that specifies a vehicle priority
classification code for the vehicle priority class by the conditional preemption circuit;

transmitting the configuration message from the conditional preemption circuit
to the vehicle unit;

configuring the vehicle unit to operate with the venhicle priority classification
code specified in the configuration message;

transmitting the preemption request having the vehicle priority classification
code by the vehicle unit; and

wherein the determining includes determining by respective one or more of a
plurality of phase selector circuits at the one or more intersections that the vehicle

unit qualifies for traffic signal preemption.
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11.  The method of claim 9, wherein the determining whether or not the vehicle
unit qualifies for preemption includes determining whether or not the vehicle unit
qualifies for preemption at the one or more intersections by one or more processes
executing on a centralized data processing system and functioning as respective

phase selectors for the one or more intersections.

12. The method of any of claims 9-11, wherein the determining the vehicle class
includes evaluating a plurality of trigger conditions, each trigger condition references
one or more of the plurality of incident parameters, and the evaluating determines

the vehicle class in response to any of the trigger conditions evaluating to true.

13.  The method of claim 9, wherein:

the plurality of incident parameters include an incident type, a vehicle unit
status, and a vehicle unit type;

the determining the vehicle class includes evaluating a plurality of trigger
conditions, each trigger condition references values of one or more of the plurality of
incident parameters and at least one trigger condition references two or more of the
plurality of incident parameters;, and

the evaluating determines the vehicle class to be a first vehicle class in
response to the at least one trigger condition evaluating to true and determines the
vehicle class to be a second vehicle class in response to another of the trigger

conditions evaluating to true.

14. A computer system having one or more processors and memory configured
with instructions that when executed cause the one or more processors to operate

according to claim 1.

15. A computer system having one or more processors and memory configured
with instructions that when executed cause the one or more processors to operate

according to claim 9.



PCT/US2021/028076

118

WO 2022/039800

p T SHISUOHLICS
Sileundiuos UoHossiell 7L _ _
i 1ul ?ﬁm._uv ‘ _ ST RIS ajolLen
JO10siep . AI.—
v o ) df — %
= — _ gil Jun
o 4% 1 Ojoeies e . «—»| OUELEIL
O e 4 ] _ sisanbe; — BIIUBA
IBHOALICD aselyd 74’ fejneo
O fiod 4
=T JBAB0SUR) ]
N _ m JOABIOSUER A“ N
[44: oGl N :
sonenfiyuos
spow uondwseud
P 80l
oidisaid {y0) uoedsip
[BLORIPUOD papie
{1} Aouebe - jenduion
sNJels Hun -
401 adfy yun -
wewsleusul pezipiuso adA} jUBpIOL: -
Auond usprous -
i pan -
sieseRd wepnul
g}
ol | —
sibbu il
80RJIBI JBsh
uondusenid a0R}IBI| JBSn
PR LoienByLoo



PCT/US2021/028076

WO 2022/039800

218

¢ Ol

~3
[
LaN|

[$Y 4
mﬁj Wi
H B

[
uondissid

[BUCHIPUCD

‘olpsod

‘s158nha)
vonduwsesd

Buipesy

‘Ql sjoiyen

007 jusule

Beuslu pazipsuen

sjs8nba)
sueuodiuos ——
_ AT 454
LOROBSISI JEc pen
o {dipiginges
iz
o I —
o Tflohialel

41
ssebbi
wonduesid

0 Aoushe -

SNIEIS HUn
adA] yun

adAy usploLl
Aoud juspiol
(i un

‘sisswisied Uspiow

80t
(QvD) yoedsip
paple
sndwos

T
Vyy

e08}isIUl 185N
uoneInBiune




PCT/US2021/028076

WO 2022/039800

~—

8} Usuoduwion UCHO83,

8}l

v

71 008

aseyd

N
N
—

-1 000
&
=
o
L&)

A

5
i
¥

T SjUBUOCUIoD
A 720 lenius ajoitieA
< ] m

el 7T
sisenbal — > avelsill
74" JEneo
JOAIBOSUBY
— 2
Lolienbyucs
70T SSR{C SI0HBA
uonduwsesid
[BLOBIPUOD %
{GvD) yoredsip
50T n\ém
ewsleusut pezieAUSo a Aousbe - sEndoo
3RBIS JUn -
sdA) yun -
adAy Juspious -
Auond uspious -
(i pun -
'sislleed uspow
®—gii
T T
voE §
siobbiy

uodissid

BOBLISIU| 88N
uonenb ?8




PCT/US2021/028076

WO 2022/039800

418

y Ol

I\
un 8e¢
i N e o soepe
BiHUBA
— I EEINHED
Buipesy
‘olpsod
‘(1 apiyea
sizanbs)
vonduwsesd
9oy — p—
jopieush tipesy ¢ov T
. u < . Q o Q ,m...wu/ EQMNQ \
: ‘Uoinand uondiuss. o)L
19enhay o
Auoud (3] SIUBA |BUCHIDUOO P papie
c_ ousbe - ;
SIEI0 BIDIBA i sendiuoo
SHJRIS JUN -
Te lustusbeusw peziesus adf) un -
sdAy uspiol -
Aoud juspio -
g)3enbe; i un -
Hopdueeid ‘sigBleied juspiou
sjueuodiuo i
_ v 454 e —
LOLOSSIELI 24 o~ vmw yhi
. SieUby) S0BLISIUI Josn
A B e vonduwsed LopenBiuoo
Q zT o e
O v T
JOJORLOD
'®) liod) -




) 1

PCT/US2021/028076

_Em‘“mcmm BPOL
m wmm 1senbel AjLoud pozijeusd uniduiesid 195 0] N SI0IBA
0} 80U pLe Ucﬁm ay ‘uoheool | | o) ebesssiu Biuco-uondwssid
(01 N SIEoUNLILIOTD BTG puBs pue ajgiaus) ¥ig
A 4
PEZIB UGS pemnqLISIp
A
J‘
JETH

uoidiussid S101YsA 1988 716

A

aqoid = spoul yBiy = spow
uondiussld 108105 015 uondiussid 1080% 305
A
8qoid=spouw 84
uonduwesid ubissy 776 /
- / seniepeneas siebby
384 ou uondisesd Auy ST
\\ épalidxe Jsui . : 2
— %&E; Id \v
TN 48 /
A sigppuwRed JUSpIDUl JO SeniBA
g Buisn siebBuy seneas 705
A
SiiyBA IO
jewn uondwesid 1sssy §Ig
A

Em wieted JuBpIoU
8081 N Hepy 208

WO 2022/039800

A




PCT/US2021/028076

WO 2022/039800

~—

9 ol

jorseust 1senbel Aioud pezigiuss
0} 8p03 LIONBOYISSE[D 8]0ILSA PUB

‘UCIEDO| ‘(11 B[ DIEOIUNUILOD TT0

<

8p00 UCHBDLISSEIO B|DIUBA

185 O} Hun soiyaA o ebessew Hyuco
~Uclidusald puses pue sipleuso) 715

A
peIngusp

HUN BI0HIBA
aU} 0} 80T LOIEDYISSED
sjoiuss yrejep ubissy 070

i psddxe Jslin
vonduiesl
89

A 4

« £®> h}%
e :o_,gsmma 2N BT

*

>

«

e
uondwsaid si0iush 1858y 1.0

VA7
h

JUN S10IUBA 8L
0] 8p0% UCHEDIISSI0 8[01USA
payioads-ebbu ubissy 309

b
S8A

cendy eenens sebbn
uondiussld Auy 900

1

slgjeiuBled JUBPIOL JO SANJEA

5%
Buisn si=6Bin sienizal 700

h

splieied wWapoul
Buiaienal jun JeAL 700

»

8]

i

U




PCT/US2021/028076

WO 2022/039800

718

L Ol

[cz'zhed | [=i=] | denen g6 JOIBAIDY
siaquialy | Joresadp pe14 .
aNV/H0 |
wn |
Oz LA x| [=i=] v anjep ATy e
siaquialy | Joyesadp pe14 vd v
q 19661 |
[gzehex | [=i=] | genep
OJeANDY [«
siaquialy | Joyesadp pe14 v JoIERov
ANV/40
wn |
Dz X | [=i=] | venea
OJRANDY [«
siaquialy | Joyesadp pal4 v SOV

v Jebbu |

SUBSTITUTE SHEET (RULE 26)



PCT/US2021/028076

WO 2022/039800

8/8

8 Ol

uondwsaid uinjel

((((sneasyunapegjoIyap ur N3,))

pue

(oL fruspiou| 8jeISs|dIyaA ul z,) Jo

(Aoudiuspiou]ajeISs|aIyaA ul 1,))

) = uondwsa.d
:(a1e359101ya A )08y QuUOndwsald Jap

808

A

N3

IONSI © 3| @

A SNEISIUN

Ny @ "0 O

Z'L| LONSI O sl @

A Auoudwuapiou)

L1

908

\/ 708

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

International application No.

PCT/US 21/28076

A. CLASSIFICATION OF SUBJECT MATTER
IPC -  G0&G 1/00; GOAG 1/087; GO8G 1/07 (2021.01)
CPC - G08G 1/00; GO8G 1/087; GO8G 1/07

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

See Search History document

Minimum documentation searched (classification system followed by classification symbols)

Ses Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

See Search History document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A WO 2017/118996 A1 (TRAFFITIZER TECHNOLOGIES PRIVATE LIMITED) 13 July 2017 1-15
(13.07.2017), para [0023]-[0024)
A US 2015/0088406 A1 (International Business Machines Corporation) 26 March 2015 1-15
(26.03.2015), para [0024]-{0026]
A US 2008/0316055 A1 (Bachelder et al.) 25 December 2008 (25.12.2008), entire docuement 1-15
A US 2007/0008174 A1 (Schwartz) 11 January 2007 (11.01.2007), entire document 1-15
A US 2006/0095199 A1 (Lagassey) 04 May 2006 (04.05.2006), entire document 1-15

D Further documents are listed in the continuation of Box C.

D See patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“D” document cited by the applicant in the international application

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on prierity claim(s) or which
is cited to establish | Q'!lnubhcanon date of another citation or other
special reason (as specified)

“Q” document referring to an oral disclosure, use, exhibition or other means

“P” document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot
be considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search
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JUL 272021

Name and mailing address of the ISA/US
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