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(57) Abstract: Systems and methods that allow use of simple priority VCUs (those that can only request an increased priority) to
operate ina manner that simulates much more sophisticated schedule- adherence or ET A-type traffic control systems without the need to
upgrade vehicle hardware. Instead, tracking of the vehicle, whether provided by other systems or by the VCU operating in conjunction
with certain prepared points or zones is used to determine if the VCU equipped vehicle is ahead or behind schedule and operation of
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BACKGROUND OF THE INVENTION
Field of the Invention
002} This disclosure is related to the field of systems for the management of mass
transit vehicles or other vehicles which adbere to published or rigid schedules and routes.
Deseription of the Related Axt
[0031 1o the perfect commuter utopia, signal lighis would automatically swiich to green
every time a driver’s velucle approached an intersection, creating an wnobstructed pathway
towards the driver’s final destination. In real life though, hiiting a red Hght is a normal and
mevitable part of any dover’s commute. With the growth of modem cities and the relignee of
nmch of the population on mass travsit and persons! sutomoebiles for transportation, efficient
control of the ebb and flow of traffic through efficient and smart signal light control and
coordination systems has become mnereasingly important.
[004] There are many substantial benefits to be reaped from improved traffic flow for
personal, mass transit, and emergency motor vehiucles. For many commuters, reclaiming part
of their day would enhance their quality of life. Further, less congestion on the roads would
generate fewer accidents, thereby saving lives. Moreover, waffic delays impinge on
productivity and economic efficiency. Time spent traveling to and from work Is sot time
spent doing work, Further, many goods must be tansported and many service providers pust
travel to their clients. Traffic delays all of these economnic production factors.
(0051 There ts also a concern regarding the increased pollution that vesults from stop-and-go
traffic flow in contrast to siwooth Howing fraffic, Further, longer conunutes means longer
rusning times and entasls more greeshouse gases. Also, congested traffic and unceordinated
signal lights can cause delays in the mass transit system which, if not remedied, can throw off
an eptire mass transit schedule grid and disincentivise individuals from using mass transit

systems. For example, it has been demonstrated that schedule adherence for mass transit
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vehicles results in an increase in ridership. Lastly, the mnportance of priovitzing and
efficiently moving emergency vehicles through waffic lights s axiomatic.

[006] Currently, a variety of different control and coordination systems are utilized to
ensure the smooth and safe management of traffic flows. One commonly wtilized mechanisin
is the traffic controller system. In this system, the timing of a particular signal Habt s
controlied by a tratfic controller focated inside a cabinet that is typically at a close proximity
to the signal iight. Generally, the gaffic controller cabiner containg a power panel (to
distribute electrical power in the cabinet); a detector interface panel {to connect to loop
detectors and other detectors); detector amplifiers; a confroller; a conflict motor umt; flash
transfer relays; and a police panel (to allow the police to disable and control the signal),
amongst other components.

F007]  Traffic controller cabinets generally operate on the concept of phases or directions of
movement grouped together. For example, a simple four-way intersection will have two
phases: North/South and East/West; a four-way intersection with independent control for
each direction and each left hand tum will have cight phases. Controllers also generally
operate on the concept of rings or different arrays of independent timing sequences. For
example, in a dual ring controller, opposing 18fi-turn arrows may tum red independently,
depending on the amount of waffic. Thus, a typical controller is an eight-phase, dual ning
controller,

[008]  The currently wtilized control and coordination systems for the typical signal Hght
range from simple clocked timung mechanisns to sophisticated computerized control and
coordination systems that setf~adjust to minimize the delay to individuals utihzing the
roadways.

(0091 The simplest control system currently utilized 1s a timer aystem.  In this system, each

phase lasts for a specific duration until the next phase change occurs, Generally, thus specific
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timed pattern will repeat itself regardless of the current traffic flows or the location of a
priority vehicle within the traffic gnid. While this type of comtrol mechanisin can be effective
i one-way grids where it is often possible to coordinate signal hights to the posted speed
linait, this control mechanism is not advantageous when the signal timing of the intersection
would benefit from being adapted to the changing flows of waffic throughout the day.

(010} Dywnanmuc signals, also known as actuated signals, are programmed to adjust their
timing and phasing to meet the changing ebb and flow 1 traffic patterns throughout the day.
Gienerally, dynamic traffic control systems use input from detectors to adjnst signal tming
and phasing. Detectors are devices that nse sensors 1o inform the controller processor
whether vehicles or other road users are present. The signal control mechanism gt g given
light can utilize the nput it recetves from the detectors to adequately adjust the length and
timing of the phases in accordance with the current traffic volumes and flows. The carrently
utthized detectors can generally be placed into three main classes: m-pavement detectors, non-
ntrusive detectors, and detectors for non~motorized road users.

(011} In-pavement detectors are detectors that are located in or uvnderneath the roadway.
These detectors typically function similarly to metal detectors or weight detectors, wtitizing
the metal content or the weight of a vehicle as a trigger to detect the presence of traffic
watting at the light and, thus, can reduce the tome period that a green signal 18 given to an
empty voad and increase the time period that a green signal is given to a busy throughway
during rush hour. Non~-intrusive detectors include video mmage processors, sensors that use
electromagnetic waves or acoustic sensors that detect the presence of vehicles at the
wtersecton wanting for the right of way from a location generally over the roadway. Some
models of these non-intrusive detectors have the benefit of being able to sense the presence of
vehicles or traffic in a general area or virtual detection zone preceding the intersection.

Vehicle detection in these zones can have an impact on the timing of the phases. Fmally,
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no=-motarized user detectors include demand buttons and specifically tuned detectors for
detecting pedestrians, bicyclists and equestrians.

(0121 While all the above systems are effective for betier routing traffic, they all bave a
problem of treating all vehicles the same. Recently, Traffic Signal Processing (TSP} systems
have started to come to the forefront of wraffic control. These systemns allow for certam
vehicles to get priotty through an intersection while others do not and therefore allow for
granudarity within a traffic flow for priority. Commonly, the specific vehicle is identified by
it having an onboard aystem or a Vehicle Control Uinit (VCUY which transmits to the TSP that
the vehicle i3 in need of priovity through the intersection. Thus, an smergency vehicle, for
example, can be provided with green lights at all intersections it approaches to facilitate its
movement through traffic. Also, because opposing lights are red, other traffic essentially
aptomatically vields {o the emergency velucle and there 13 no need for tratfic to have to
specifically yield for the emergency vehicle, which can snarl traffic.

[013] VCUSs such as these can also be used, and have been used, to assist with the
movement of mass transit vehicles through wraffic and to help them to stay on schedule.
Because mass transit veliicles often move through congested strests when congestion is often
at ity worst, they commonty fall behind schedule due to getting stuck in traffic. For those that
rely on mass transit, this can be a problem and can result in rider complaints and even them
substituting away form mass transit as they cannot rely on it to get them where they need to
be on time.

(014} While these types of basic VOUs can be very beneficial for mass transit vehacles or
other vehicles whiach need o be ahle 10 meet a proseribed schedule, they also present some
problems Namely, priority vehicles in these systems are generally only able to interact with 8
traffic signal at an inmediately forthcoming intersection along the vehicle’s current route;

there is no real-time monttoring of the traffic flows preceding or following this intersection or
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across a grid of multiple signal lights. Stated differently, there is no real-time monoring of
how a vehicle travels through a traffic grid as a whole (i.e., approaching, traveling through
and leaving tntersections along with a vehicle’s transit between intersections).  Accordingly,
these systems work well for priority vehicles such as an emergency vehicles which nead to be
accelerated through all traffic signals at the expense of all other vehicles. However, they lack
the capability fo adapt and adjust to fraffic flows to keep g mass transit velucle, or stailar
time-scheduled vehicle, on time,

0151 To put this another way, these systems only have the capability for control of a
particular signal light to accelerate the movement of a vebicle approaching that signal directly
{giving it priovity). This is fine for a mass transit vehicle that is behind schedule, but for one
which is on timve or ahead of schedule, # actually can resalt in the mass transit vehicle
moving further from the targeted schedule adberence, not closer o it

[016] While many people think the biggest concern for mass transit vehicles is them
arriving late, this is actually often not true as a transit vehicle that consistently arrives early
often creates a much bigger problem as its riders have to guess at its arnival time, or risk
nissing it. One response is often that the mass transit vehicle can stmply spend extra tims at
a stop to purposefidly slow its movement which resolves the problem. While this can work,
it is often the case that the operator does not realize the precise amount of ime i may be
ahead of schedule or even that it Is ahead of schedule. Further, many mass transit vehicles
{particulatly buses) operate within the flow of other traffic, so a stopped bus wallingina
traffic lane for an exira five minutes can present a dengerous obstruction to other trathic
which needs to go around i,

[017]  Another frequent traffic problem caused by mass transit vehicles arriving early is
mass transit vehicle bunching, also known as bus bunching, clmping or platooning.

Bunching refers to a group of two or more transit vehicles along the same route, which are
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scheduled to be evenly spaced, such as buses, catching up with each other and, thus, running
in the same location at the same time. Generally, bunching occurs when at least one of the
vehicles 1s unable to keep to its schedule (falls behind) and therefore ends up in the same
location as & following vehicle on the same route.

[01&] This cccurs because the lead mass transit veliele i the bunch (which is already
running late ) typically slows to pick up passengers that would otherwise have missed that
vehicle and caught the tratling mass transat vehicle. Added unplanned passengers leads 1o
overcrowding and further slowing of the lead vehicle as it takes longer than expected to load.
Conversely, the tratling mass transit vehicle encounters fewer passengers (as many of its
normal passengers are actually carching the lead vehicle) meaning it ravels the route faster.
Soon, both mass transit vehicles are in fudl view of each other leading to, ot least, the dismay
of passengers on the overcrowded and behind schedale vehicle.

[019] Itis no surprise that bunching is a leading complaint of regular transit riders and a
headache for those operating and managing transit services. The currently svstems — with
their control methodology localized to individual lights — are simply tncapable of controlling
or preventing bunching as while thy can provide some acceleration to the lead vehicle
through mtersections, they cannot slow the tratling vehicle or assist the lead vehicle in
dealing with the increased passenger load,

[020] Another failing of the currently utilized detection zone based systems is their mability
to modify the conditions under which a vehicle myay request priority. For example, under
many of these currently utilized systems, priority is given to any flagped vehicle that is
sensed as approaching, Effectively, if the velncle has an operating VOU, the vehicle s
granted prigrity at all intersections it approaches (assuming they are equipped with TSP
systems). These systems are, thus, generally incapable of granting priority on a more

nuanced and conditional basis as they are effectively on/oft systems. This makes sense for
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emergency vehicles as they typically alwavs require priority when responding to an
emergency situation, but makes the VOU, at best, a crude tool for schedule adherence.

(021} To deal with these problems, svstems for maintaining a vehicle to a schedule have
been provided which provide for more sophistication allowing vehicles to be both accelerated
ot slowed depending on their current position and timing within their pubtlished schedule.
These systems come in the form of schedule-adherence systems where the VOU s capable of
transmitting its schedule adherence status to the TSP when it enters 8 zone approaching an
intersection. The TSP can then determine if priovity is requared. Even more sophisticated
estimated time of artival ("ETA™) systems, such systems gre discussed i, for example,
United States Patents 8,773 282; 8,878,695, 9,330,566, and 9,916,759 the entive disclosures
of which are heretn incorporated by reference, allow for such transmission to multiple
intersections to provide for improved future schedule adherence.

(0221 These types of systems can provide for dramatically improved How of vehicles
attempting to adhere to predetermined schedules. However, they require a substantial amouat
of additional installed equipment over stmple priority svsteras, Specifically, the vehicle
needs to be provided with an cnboard computer and/or communication system to
communicate its schedule adherence with the TSP at the tmersection to both obtaln priority
when it should be given and to be granted rednced priovity {or simply no priority} when it is
not. Alternatively, this operation can be off-loaded on central servers, but again, the svstem
needs to be able to provide both advanced signals to the TSP and have the TSP be able w0
understand signals 1o both secelerate and deceleraie wathic coming from a particular divection

to keep the mwass transit vehicle on schedule.
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SUMMARY OF THE INVENTION

[024] The following is a siunmary of the invention in order 1o provide a basic understanding
of some aspects of the invention, This summary 18 not intended to wdentify key or critical
elements of the invention or 1o delineate the scope of the ivention. The sole purpose of this
section i to present some concepts of the invention in a sumplified form as a prelude to the
more detatled description that is presented later,

[025) The present disclosare provides for systoms that allow use of simple priority VCUs
{those that can only request an increased priovity) to operaie in a manner that simulates mueh
to upgrade vehicle hardware, Instead, tracking of the vehicle, whether provided by other
systems or by the VCU operating i conjunction with certain prepared points or zones is used
to determine 1f the VOU equipped vehicle is ahead or behind schedule and operation of the
VL itself is altered to modify the expected amrival time of the vehicle.

[020] Systems and methods are also discussed heretn, among other things, for providing
schedule adherence conditional TSP without requtring mtegration of the VCU with a
traditional on-board bus computer providing en-schedule status notification. These systems
and methods provide transit system designers with the potential of sipnificant hardware and
software cost savings while enhancing system relighility and maintainability,

[027] Because of these and other proldems in the art, deseribed herein, among other things,
15 a system for assisting iy maintaining a vehicle on a fixed schedule, the system comprising;
& vehicle having its own schedule with a specified scheduoled arsival time at each of g
plurality of specified destingtions along & route; a plurality of priovity detector units, wherein
each prioriy detector unit is communicatively attached to a signal light controller along said
route; and 3 vehicle control unit (VCU) in said vehicle, said VOU configured o mterface

with said plurality of prionity detectors, said VOU; wherein, an amount of time measured for
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said vehicle to traverse a portion of said route determunes if said VOU is active and requests
priority for said wehicle from a next priority detector unit on satd route, or is ingctive and
does not request priovity for said vehicle from said next priority detector unit on said route.
(0281 In an embodiment of the system, the portion of said route corresponds to a corridor
thning zone.

(0291 In an embodiment of the system, the corridor timing zone 18 positioned along said
route prior to a zone for activating said next priotity detector.

{0301 Tn an embodiment of the system, the corridor timing zone is positioned along said
route at least partially overlapping & zone for activating said next priotity detector.

[031] In an embodiment of the system, the portion of said route corresponds to 3 portion
between two waypoints.

(0321 In an embodiment of the system, the waypoints correspond to scheduling stopping
points for said vehicle.

(0331 In an embodiment of the system, the vehicle is 2 mass transit vehicle such as, but not
Himited to, a bus,

(034} 1o an embodiment, the system further comprises an authorization disable zone which
mactivates said VOU when said vehicle enters said suthonization disable zone regardless of if
said VU 1s active or inactive when said vehicle enters said authorization disable zone.
0351 In different embodiments of the system, the authorization disable zone may or may
not be on said route.

[036]  In an embodiment, the systom further conmprises an authonization enable zone which
activates said VOU when said vehicle enters said authorization enable zone regardiess of if
satd VLU is active or inactive when said vehicle enters said authorization enable zone.
(0371 In different embodiments of the system, the authorization epable zone may or may not

be on said route.

10
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[038] There iz also described herein, in an embodiment, a system for agsisting in
niaintaining a vehicle on a fixed schedule, the system comprising; a vehicle having its own
schedule with a specified scheduled arvival time at each of g plurality of specified
destinations along a route; a plurality of priority detector units, wherein each priority detector
unit is comanuicatively attached to a signal Habt controlier along said route; and a vehicle
control untt {VCOUY in said vehicle, sard VOU configured to terface with said plurality of
priority detectors, said VOU; wherein, a target time for satd vehicle o arvive at a pomnt on
said route Is compared to an actual time said vehicles arrives art said point and said
comparison deternunes if said VCU is active and requests priority for said vehicle from a
next priotity detector unit on said route, or is mactive and does not request priority for said
vehicle from said next prionity detector unit on said route.

(0391 In an embodiment of the system, the target time and said point on said route are
determined from General Transit Feed Specification (GTFS) information.

[040]  In an embodiment of the svstem, the target time and said point on said route
comprises a scheduled stop of said vehicle.

(041} In an embodiment of the system, the vehicle is 3 mass transit vehicle such as, but not
limited to, a bus.

[042] In an embodiment, the system further comprises an authorization disable zone which
inactivates said VOLT when said vehicle enters said authorization disable zone regardless of if
satd VU is active or inactive when said vehicle enters said suthorization disable zone.
[043)  In different embodiments of the system, the authorizagtion disable zove may or may
niot be on said route.

[044] In an embodiment, the system further comprises an authorization enable vope which
activates said VCU when said vehicle enters said authorization enable zone regardless of if

said VCU is active or ingctive when said vehicle enters said authorization enable zone.

11
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[0451 In different embodiments of the system, the authorization disable zone may or may

not be on said route.

12
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BRIEF DESCRIPTION OF THE DRAWINGS
(0471 FIG. 1 provides a diagram of a traffic control svstem.
[048] FIG. 2 provides & diagram of an embediment of a corridor timing or “pacing” zone
[049]  FIG. 3 provides a diagram of an embodiment of paived waypoint zones.
[0507 FIGS. 4 and 5 provide diagrams of embodiments utilizing General Transit Feed

Specification {GTFS) information.

13
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DESCRIPTION OF THE PREFERRED EMBODIMENT(S)
(0517 The following detatled description and disclosure tHustrates by way of example and
not by way of imitation. This description will clearly enable one skilled in the art to make
and use the disclosed systems and methods, and describes several embodiments, adaptations,
variations, alternatives and uses of the disclosed systems and methods. As varions changes
could be made 1 the above constructions without departing from the scope of the disclosures,
it s intended that all matier contained in the description or shown in the accompanying
drawings shall be interpreted as itheairative and not in a limiting sense.
(0521 As g preliminary matter, it should be noted that while the description of various
embodiments of the disclosed system will discuss the movement of mass transit vehicles
{such as, but not imited to, buses, light rail trains, and street cars) and particularly buses
through signal lights as boses typically operate within the Hflow of vehicle walhic, this in no
way limits the application of the disclosed traffic control system to use in mass transit
systems, Any vehbicle which could benefit from a traffic control svstem which helps it
maintain a preset schedule along a preset route as described herein is contemplated. For
examypie, it 1s contemplated that the svstenm could be applied to and utilized by snow plows
and waste management vehicles.
53} Throughout this disclosure, the term “computer” deseribes hardware which
penerally implements functionality provided by digital computing technology, particularty
computing functionality associated with microprocessors. The term “computer”™ is not
trtended to be Hmited to any specific type of computing device, but it is intended to be
wchisive of all computational devices including, but not imited 100 processing devices,
microprocessors, personal computers, desktop computers, laptop computers, workstations,
terminals, servers, clients, portable computers, bandheld computers, cell phones, mobile

phones, smart phones, tablet computers, server farms, hardware appliances, nunicomputers,

14
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mainframe computers, video game consoles, handheld video game products, and wearable
computing devices mcluding, but not limited to evewear, wristwear, pendants, fabrics, and
clip-on devices.

(54} As used herein, 8 “computer” is necessarily an abstraction of the functionality
provided by a single computer device outfitted with the hardware and accessories typical of
computers tn a particular role. By way of example and not Himitation, the tetm “computer”
reference to a laptop computer would be understood by one of ordinary skill in the art o
inclode the functionality provided by pointer-based input devices, such as a mouse or track
pad, whereas the tenm “computer” used in reference 1o an enterprise-class server would be
nnderstood by one of ordinary skill in the ant o mclude the functionality provided by
redundant systems, such as RAID drives and dual power sapplies.

055} ftis also well known 1o those of ordinary skill m the art that the functionality of a
single computer may be distributed across a number of mdividual machines. This
distribution may be functional, as where specific machines perform specific tasks; or,
balanced, as where each machine is capable of performing most or all functions of any other
nachine and is assigned tasks based on ity available resources at a point in time. Thus, the
term “computer” as used herein, can refer 10 & single, standalong, self-contamed device or to
a plurality of machines working together or independently, including without imitation: a
network server farm, “clond™ computing system, software-as-a-service, or other distributed or
collaborative computer networks.

(056} Those of ordinary skill in the art also appreciate that some devices which are not
conventionally thought of as “compaters™ nevertheless exhibit the characteristics of a
“computer” in certam contexts. Where such a device is performing the functions of a
“computer” as desoribed herem, the texm “computer”™ mcludes such devices o that extent.

Devices of this type include, but are not hmited to: network hardware, print servers, file

15
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servers, NAS and SAN, load balancers, and any other hardware capable of intevacting with
the svstems and methods described herein in the matter of a conventional “computer.”

057} Throughout this disclosure, the term “software” refers to code objects, program
logic, command structies, data structures and definitions, source code, executable and/or
binary files, machine code, object code, compiled Hbraries, implementations, algeorithms,
librartes, or any mstruction or set of instructions capable of being executed by a computer
processor, of capable of being converted into a form capable of beiong executed by a computer
processor, including, without Bmitation, virtual processors, or by the use of na-time
enviromments, virtual machines, and/or interpreters. Those of ordinary skill in the ant
recognize that software can be wired or embedded into hardware, including, withont
limitation, onto a microchip, and still be considered “software” within the meaning of this
disclosure. For purposes of thas disclosore, software includes, without imitation:
instructions stored or storable in RAM, ROM, flash memory BIOS, CMOS, mother and
daughter board circuitry, hardware controllers, USB controllers or hosts, peripheral devices
and controliers, video cards, andio controliers, network cards, Bluetooth® and other wireless
communication devices, virtual memory, storage devices and associated contratlers,
finmware, and device drivers. The svstems and methods desceribed here are conteraplated to
wse coniputers and compater software typically stored in a computer- or machine-readable
storage medinm or menmory.

[OS8] Throughout this disclosure, the term “network™ generally refers to a voice, data, or
other telecommunications network over which computers communicate with cach other. The

Pt

term “server” generally refers to a computer providing a service over a network, and &
“client” generally refers to a computer accessing or using a service provided by a server over
anetwork. Those having ordinary skill in the art will appreciate that the terms “server” and

“client” may refer to hardware, software, and/or a combination of hardware and software,
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dependmg on context. Those having ordinary skill in the art will further appreciate that the
terms “server” and “client” may refer to endpoints of a network communication or network
connection, including, bat not necessarily limited to, a network socket connection, Those
having ordinary skill in the art will further appreciate that a "server™ may comprise a plurality
of software and/or hardware servers delivering a service or set of services. Those having
ordinary skill m the art will further appreciate that the erm “host”™ may, in noun form, refer to
an endpoint of a network communication or setwork (e.g., “a remote host™), of may, w verb
form, refer to a server providing a service over a network (“hosts a website™), or an accesy
point for a service over a network.

089 Throughout this disclosure, the term “fransmitter” refers to equipment, or a set of
equipment, having the hardware, circuitry, andfor software 1o generaie and transmit
electromagnetic waves carrving messages, signals, data, or other imformation. A transmitter
may also comprise the componeniry to receive electric signals contaming such messages,
signals, data, or other information, and convert thent o such electromagnetic waves. The
term “recetver” refers to equipment, or a set of equipment, having the hardware, circutiry,
andfor software to receive such transmitted electromagnetic waves and convert them inte
stgnals, nsually electrical, from which the message, signal, data, or other information may be
extracted. The tenm “transcetver” genemlly refers 1o a device or system that comprises both g
transmtter and veceiver, such as, but not necessarily hmited to, a two~way radio, or wireless
networking router ov access point. For purposes of this disclosure, all three terms should be
understood as interchangeable unless otherwise indicated; for example, the ferm “transmutier”™
should be understood to fraply the presence of a recetver, and the term “receiver” should be
understood to imply the presence of a transmitter.

[060] For purposes of this disclosure, there will also be significant discussion of a

special type of computer referred 1o as a “mobile communication device” or simply “mobile
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device”. A mobile commumication device may be, but 18 not limited to, a smart phone, tablet
PC, e-reader, satellite navigation svstem (“SatNav™), fitness device (e.g. a Fitbuy™ or
Tawbone™) or any other tvpe of mobile computer, whether of general or specific purpose
functionality. Generally speaking, & mobile conununication device is network-enablad and
commumicating with a server svstem providing services over a telecomnusiication or other
wfrastructure network. A mobile communication device ts essentially a mobile computer,
but one which is cormmonly not assoctated with any particular location, 1s also commonly
carvied on 8 user’s person, and wsually i3 in near-constant resl-time communication with a
network.

061} The system utilizes g “positioning system™ which is any forn of location
technology and will typically be a satellite positioning system such as GPS, GLONASS, or
similar technology, bat may also include nertial and other positioning systems, and wireless
communication to enable transit vehicles to report location and activity data to waffic
controllers and/or central locations in real ime. Further, the system typically enables
dispatchers or other monitoring personnel at a centrahized or secondary remote location to see
the location of key vehicles in and/or personnel traffic grid. The system can aleo allow for
the generation and sending of awtomatic or manual alerts 1o notity vehicle operators of
changes m route status. However, any wireless methodology for ttansferring the location
data created by the VCU (161} 1o the other component parts of the system to which #t is
communicatively networked is contemplated. Thus, contemplated wireless technologies
tnclude, but are not hmited to, telemetry control, radio frequency conununication, microwave
communication, GPS and nfrared short-range commuuication,

0621 ‘The traffic control system described herewn is, in some embodiments, an

improvement upon systems described in ULS. Pat. No. 8 878,695, ULS. Pat. Np. 8,773,282,
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LS. Pat. No. 9,330,566 and U.S. Pat. No. 9.916.759. The entire disclosure of all of these
documents is incorporated herein by reference.

(063} For purposes of background, the traffic control system desertbed beretn s
generally structured as follows an embodiment of which is shown in FIG. 1. {n its basic
form, the hardware components of the system include a vehicle equipment unitvehicle
computer unit (VCU) (101) installed in vehicles and g priority detector (103) installed inor
near signal control cabinets (105) {along with a cabinet- or pole-mounted antenna). The
signal control cabinets (105} may be independent {each controls only a single intersection} or
may communicate with a central control center (102} to provide for more integrated control
over a certain grid areq.

{064} As will be described turther herem, the basic hardware components of the system
{generally the VCU (101) and the priority detector (103)) generally communncate wirelessly
using secure frequency hopping spread spectrum radio. The mobile-vehicle mounted
hardware components, such as the VCU (101), vvpically utilize GPS or other known
positioning technology 1o determine the precise real-time location of the VCU {(101) and the
vehicle to which it is attached at all times.

[0635] The VOU (101) 15 typically mstalled in & monitored vehicle in the trathic gnid. As
noted previously, contermplated monttored vehicles inclade, but are not limited to, mass
transit vehicles (buses, trains, hght rail, etc ), emergency vehicles {fire trucks, police cars,

ambulances, ete.}, waste management vehicles, and road maintenance vehicles. It should be
understood that the system disclosed berein contemplates the installation of oune or more
VOUs (101} invarions vehicles travehing and operating i the traffic god.

H066] Generally, the VCU (101) serves several functions in the disclosed traffic control

system, The VCU (101) detenmines the real-time location data for the vehicle in which it 1s

mstalled. This data includes the velucle's velocity and coordinates. However, as
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contemplated herein, the VCU {101} lacks the capability of calenlating and deternuning
whether or not the vehicle is on schedule, This will also mean that the priority detector (103)
cannot make priority decisions based on schedule adherence mformation, Instead, the VCU
{101} effectively only operates as a toggle switch, If the VO (101} is operating {enabled), It
will always request priority at the next intersection. I it ix not operating {disabled) it will
never reguest priority at the sext ntersection. This is ofien standard opergtion fora VCU
{101} designed for use w an emergency vehigle,

(067} One contemplated component part of the VCU (181} is a receiver for a satellite
positioning svstem. Generally, any satellite positioning svstem known to one of ordinary
skill 1 the art is contemplated. Further, any recetver technology known to those of skill i the
art that i1s able to calculate is real-time position by precisely tming the signals sent by
satellites, or by any other methodology known to those of ordinary skill in the att, is a
contemplated receiver in the disclosed svstem. Typically the receiver will be selected based
on the specific satellite posttioning system the VCU (110) 15 using. In alternative
embodiments, other positioning systems may additionally or alternatively be included.

[0O&] The installation of the recetver can be either permanent, by direct infegration into
the vehicle, or temporary, through a mobile recetver that can be taken inte and removed from
the vehicle, Generally, the receiver of the VOU (101 functions to determine the vehicle™s
posttion, direction and velocity in real-time at any given point during s tavels. In
alternative embodiments, # is contemplated that the VOU (101} will determine its position,
direction and velocity through internal navigation systoms known 10 those of ordinary skitl
the art alternatively, or in addition to, satelhite posttiomng deiven systems, Contemplated
mternal navigation systems include, but are not limited fo, gyroscopic insttuments, wheel

rotation devices, accelerometers, and radio pavigation systems.
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069} Another contemplated component of the VCU {101} is a radio transceiver.
Generally, any device for the transmission and receiving of radio signals including but not
limited to the FHSS and/or FH-CDMA methods of ransmitting radio signals is contemplated.
07 The functionality of the computer of the VU {101) may be at a single computer,
or may be a network whereby the fnctions are distributed.  Further, generally any wireless
methodology for transterring the location data created by the VOU (101) to the other
component parts of the system o which # 15 communicatively networked is contemplated,
Thus, contemplated wireless technologies include, but are noi limited to, telemetry controd,
radio frequency communication, microwave communication, GPS and infrared short-range
conumunication.

(0711 Another component of the VCU (181), in certain embodiments, 13 a combination
GPSATHE antenna. In the embodiment with the combination antenna, the combo GPS/UHF
antenna contains the antennas for both the transceiver and the GPS unit. Notably, however,
this combo antenna is net required and in other exnbodiments two separate antennas or other
communication devices can be utilized. Generally, the combo antenna or separate antennas
will be mounted on the top of the priority vehicle, although this location is not determinative.
Further i certain embodiments, the antenna will be connected to the VCU (101 by two
coax cable connections {one for UHF and one for GPS), although any method for connecting
the antennals) to the VOU (101) (including both wired and wireless technologies} s
contenplated.

(073} In one embodiment, the VOU (101) will be powered directly by the vehicle battery.
For example, in one conternplated embodiment, the VOU (101} will be powered divectly by
12 VDO from the vehicle battery. In other embeodunents, the VCU {101) will be powered by
a portable power unit known to those of skill i the art including, but not limited to, batteries

and solar papels.

21



WO 2020/198636 PCT/US2020/025358

(0731 A second component of the traffic control systen described herein is a plurality of
priority detector units (103}, The priority detector vaits (103) of the disclosed traffic control
system generally function to modify and control the associated signal light based upon if the
VCU (101} is requesting priority or not. The priority detector units (103) will generally be
located at or near particular traffic light signals and signal controllers (105} 1n the area
controlled by the disclosed systerm. In one embodiment, each priority detector anit (103} will
be co-located within a particular signal light comroller (103) cabinet. However, this location
is not determmative. It is contemplated that the priovity detector wnit {103) may be located at
any proximity near a particular signal light that allows the priority detector unis (103)
receive applicable signals from the remote traffic control center (102), secondary control
centers (106}, other priortty detector units (103) andfor the VCUSs (101) and allows the
priority detector {103) to send calls to the signal controlier (105} to modify the phases of the
respective signal light that it monitors.

(074 One component of the priority detector units (103) 15 the intersection antenng
{115). This antenna {115) may be any antenna known to those of skill in the art that i3
capable of recetving vadio or other electromagnetic signals. In one embodiment, the antenna
will be co-located with the priority detector (103}, In other embodiments, the antenna will be
located at a position removed from the priority detector {103). Generally, it is contemplated
that the intersection antenna {115} may be located at any place near the applicable
mitersection that would allow for the effective transnission and receipt of signals. For
exgmple, in certain embodiments 1t is contemplated that the intersection antenng (115} will be
externally mounted on a signal bght pole at the tutersection. In ove embodirnent, the
intersection antenna {115} will be connected to the priority detector unit (103) by wire

connections, i one embodiment by two coax cable connections {(e.g., for UHF and GPS). In
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another embodiment, the mtersection antenna {115} will be connected wirelessly to the
priority detector unit (103} in a manner known to those of ordinary skill in the art.

0751 Further, different embodiments of the priority detector unit (103} inclode a shelf-
mount version or a rack~-mount version. In one embadiment of the rack-mount version, is it
contemplated that the priority detector waut {103} will be able to be inserted directly into two
adjoining card slots of a NEMA detector rack or Model 170 card file. However, it should be
noted that any priority detector anit (103} design known 1o one of ordinary skill in the art that
is able to perform the functionality described in this appheation i3 contemplated.

[076} The priovity detector unit {103} will penerally send a vaniety of putputs using the
standard North, South, East and West discreet outputs for a stignal controller {(103) based on
information regarding a vehicle’s geographical zone position or, effectively, from which
direction 1t 1y approaching the intersection.

(0777 Io one embodiment, the priority detector unit {103) will control multiple
geographical or virtual zones (301) for a single light. For example, it mav have a different
zone pertaining to a hight rail rack, an in-street bus line, and a standard road sigual even
though all the various zones partially or totally overlap in a geographic sense. Generally, this
standard output sent by the priotity detector unit (103} {e.g., turn the Nogth-bound hght
green} will be held vonit the vehicle leaves the detection zone (111}, The prionity detector
units (103}, in certain embodiments, generally will use auxiliary outputs (e g, AUX1, AUX2,
and ALIX3) to communicate this standard output to the signal controller (105}, However, any
maode known o those of ordinary skill tn the art for communicating the output signals from
the priority detector unit (103) 1o the signal controlier {105} is contemplated n this
application.

[07¢] Another component of the traffic control system also generally located in the

traffic control cabinet (105} in certain embodiments 15 a high-speed data adapter. The high
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speed adaptor assiats in the communication of output signals between the priority detector
{103) and the signal controller (105). While any high-speed adapter known to one of
ordinary skill 1 the art is contemnplated, in one embodiment it 1s contemplated that the
adaptor can use R8232, SDLC, Ethernet ov other protocols to receive and output the large
number of signals from the priority detector (103} 1o the signal controller (108).

(0791 Generally, the priovity detector unit {103} of the traffic control system
conternpliated herein will only send a very linvited number of cutput calls to the sigaal
controlier (105} with which it is associated. Specifically, the priority detector wnit {103} will
be able to give all tratfic arviving from a centain dirsction (Is within a specified zone (111))
priovity to allow a priority vehicle approaching therewith to have priority, but will geserally
be mcapable of making a decision 1o decline priority and the VCU (101} will also generally
be incapable of mdicating that it should be dechined priority or that a prior priority reguest
should be cancelled.

080} In order for the VOU {101} to simulate schedule-adherence or even ETA, there are
a couple of ditferent systems and methods which may be used, the first is by providing
schedule adherence using a tming zone, a waypoint zoge, or any combination of these to
provide for route segment pacing. The second provides for schedule Adherence using
General Traffic Feed Specification (GTES) or other public facing route and stop information,
081}  Route segment pacing is provided utilizing special detection zones which enable a
mass transit vehicle with a VOU (101) which does not have schedule adhevence or ETA
tnformation to selectively enable or disable VOU (101} operation based on the percetved
needs of the system self based on the vehicle’s operation within g certain zone where the
pace of the vehicle is monitored. This is accomplished through two different schemes of

timing monitoring, which utidizes the real-time position of the vehicle in comparison with
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historical understanding of the transit-time between positions along the predetermined transit

route.
082} These monitoring zones come in two general types. The first is a corvidor timing

zone which is a geographically designated zone typically placed between intersections or
across multiple mtersection approaches that is usnally not directhy associated with the
detection zone for changing the traffic signal but will often overlap it at least in part. The
corridor iming zone allows the inpat of a parameter which specifies the time limit, in
seconds, in which the vehicle is "allowed” within the approach before i has taken "too long”
to get from the start to the finish (indicating that traffic is impeding the progress of the transit
vehicle and it is falling behind schedule). This parameter may be entered manually by the
mass transit operator or may be recorded previonsly on the VOU (101) based on known or
expected traffic patterns and traffic bebavior within the corridor timing zone.

[083]  When the vehicle is within the cotnidor timing zone for fonger than this parameter,
the vehicle VCU (101), which will generally not be active prior to this time, will be enabled
and, thus, the vehicle will begin to request transit signal priority from the next intersection as
soon as it is in the detection zone of that intersection. This can allow the vehicle to utilize the
VU {101 to clear a particndardy problematic koot of traffic in front of it that may be holding
it at an intersection. In an extreme example, the system can actually allow for the VOU (101}
to break out of “gridlock” due to current traffic flow.

[0841 FIG. 2 provides an example of a short-range porth-facing cowidor timing zone
{201y which 1s located on Grand Avenue in Saint Lonis, Missouri. While the corvidor timing
zone {201} is shown as a traditional rectangular vone as this corresponds 1o this section of
route, it should be recognized that this is not required an alternative shapes, such as
alternative polvgons, can be used i alternative embodiments. This section of Grand Avenue

can be subject to severe traffic backup. Even while this cornidor timing zone (201} 18
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relatively short at a quarter-mile m length, it includes five traffic control signals. Ong of
those signals is also connected 1o a pedestrian demand crosswalk which connects two parts of
Saint Louis University and is subject to large amounts of pedestrian wraffic.

[O85] For purposes of this example, the Facing Zone Parameter is set to be 150 seconds
which also fakes into account that the rone {201} includes a bus stop located on the
University campus which is usually quite busy that the mass fransit vehicle 1s ntended to stop
at. The mass transit vehicle (a bus) enters the corridor pacing zone {201) from the Forest
Park side (203} at the bottom of the map, travels North, and exits on the Lindell Bowlevard
side (205) at the top of the map. Upon exit from the corridor pacing zone (201), the VCU
{101} computes the duration of time it was within the zone (201). I the total time excesds
the 150 second tming parameter, the bus temporarily enables the VCU (110) {0 indicate that
the bus is entitled to priority as a result of the higher-than-normal transit time throagh the
corndor.

086} The next detection zone (213}, extending from Lindell Boulevard to the next
tocation would therefore respond in a fashion to grant the bus priority. At some point, the
bus will enter another corridor timing zone (not shown} where a "normal” transit ime s
koowi, It can be the detection zone (215 but if in this zone priority is expected to be
granted, this will ofien sot be the case. However, in that pext comidor pacing zone, transit
through that zone can be evaluated, and if the transit time is below the parameter the traffic
issue is presuwmed 1o bave been cleared and the VCU {101 will turn off resulting m transit
signal prionty being temporarily disabled unnl the next corridor timing zone, The process
repeats from one corridor tining ¥one 1o the next corridor timing zone, continpally evaluating
the vehicle's travel time against an "ideal” or Yaverage” travel time for each corridor.

[087] ft should be apparent that this form of corridor tinming zone (201} 1s necessanily

mnperfect as it is possible for a vehicle to be loosing time in a slow zone getting prionity and

26



WO 2020/198636 PCT/US2020/025358

then losing priority before the time is made up as the vehicle can pass through the zone where
they have priority particularly quickly (due to priority) even if they are still snarled in traffic
moving with them, However, by having the VCU (101) toggle between requesting priority
{enable} and not doing so (disable} and by doing so always with the delay of at least a single
zone {ihat is, the vehicle will always have priority through at least one corridor tming zone
once it s granted from bemg slow in 2 zone) the vehicle will generally be provided with the
ability to recover from a slow segment of travel. Further, the prionty indication should allow
the vehicle to catch up (or st least not fall forther behind). With sufficient corvidor timing
zones along the predetermined published route of the vehicle, the vehicle will rarely be able
to fall substantially behind schedule as such a situation would result in near contingons
priority which should serve w accelerate the vehicle through virtually any traffic situation.
The vehicle 13 also unlikely to substantially ahead of schedale as 11 it is not travelmg slow
through the corridor timing zone{s} {201} it will not be granted priority at any pomt and,
therefore, should be moving according to the scheduled nming,

[083] A second form of montoring zone are waypoint pair zones. A waypoint zone
generally does not exist alone but there will always be at least two and the various waypoint
zones can always be considered as paired with another waypoint zone. Note, however, that
the pairs do not need to be exclasive and a single zone may be paired with maliple other
zones. The zones are typically placed, in pairs, at two waypoints along the transit vehicle
reute, which would typically denote busy transit velicle stops or important locations of
tterest. The VCU {101) is provided with the parameter which is the expected delay between
check-in at the first zone in the waypoint pair and check-1n at the second zone in the
waypoint pait.

[089] Upon entry of the second waypoint pair zone, the vehicle checks the time elapsed

between the first event at the first waypoint pair zone agamst the second event at the second
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waypoint pair zone. If the elapsed time is greater than the intended transit time between
those two points, once again the VOU 15 activated into priovity mode (turned on or enabled).
Alternatively or additionally, instead of using the expected delay (e.g. time of transit between
the two zones) the specific arrival time at the second zone may be compared against the
scheduled arrival ime or against an expected arrival time caleulated from the time of
departure of the first zone,

(090} Note that there 18, of course, 8 maximum threshold between these two check-in
focations, such that if the vehicle wavels through the stop at the beginning of the day,
proceeds on a different transit route, and returns to the second stop later in the day while on
another transit route, the vehicle is not authorized even though the maximum time elapsed
between the first check-tn and the second check-in has been exceeded.

1091} FIG. 3 provides an llustration of two waypomt zones {301} and (303) which have
been paired and are associated with a route which connects a sports stadium fo a university
hospital location, The vehicle, however, does not travel directly between these location but
takes a 3.5 mile winding path (305) through the city. This winding path would make the use
of a single corridor iming zone over this path less convenlent and would requiire a substantial
number of corridor iming zones if one wished to place them along the route to deal with its
curves and twists, Instead, 8 "check in" waypoint (301} is created just north of the sports
stadivm, and 8 "check in" waypoint (303} is created just north of the hospital. The VCU
upon artiving at the check-in waypoint {303) that is second m the pair, checks the last check-
tnn at the zone {301) that is first 1o the patr. I the time between the two check-ins 15 between
the maximumn travsit e parameter {which in this case wounld devote the typical 20-mnute
transi time between the two locations) and the maximum threshold, the vehicle selfvssues
the activation commarxd so that i can expedite s trip through the next set of intersections,

allowing the bus to return to schedule.
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(0921 In addition to the logic provided through the use of the cornidor timing zones (201}
and the waypoint timing pair zones {301} and (303}, additional functionality and flexibility
can be afforded through the application of zone time infervals to either or both those types of
zones. Any detection zone created in the system may have a zone time interval apphied 10 it
which timits the tine of day or day of the week where the detection rone 15 included m the
rone-activation routing, Typically, this feature 1s used to create shorter-range zones on the
approach to an intersection which apply during congested hours of the day, where allowing
priority to be oblained might have an adverse effect on already-congested traffic flow, while
longer zones are created which apply during non-peak times and overnight, which give transit

vehicles longer and better right-of-way during thuwes where disruption 1o the flow of waffic is

lessened.
1093} A corridor timing zone (201), for example, can be created and configured with an

expected transit time of five minutes (300 seconds} from one bus stop to another during the
early morning hours on Saturdays and Sundays, Another corridor timing zone can be created
tn the same physical {ocation on the map as the first corridor timing zone (201), but
configured with a different expected transit time (let's say ten minutes, or 600 seconds, for
example) during the early moming hours of Monday through Friday, corresponding to the
increase in traffic congestion during the rash to work and potentially increased stop times due
to increased ridership.

{094} Note also that the corridor timing zone (201} which 15 configured with a transit
firne of five munutes can have multiple zone time intervals applied to it, such as 2am-to-10am
aud 2pin to 10pro on Saturday and Sunday, as well as 10pm-to-2am every day of the week.
Multiple corridor timing zones may be overlaid on top of one another, so long as they are

active at different times of the day or different davs of the week.
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[0951  Applied zone time intervals enable the corridor uming zone{s} to reflect the
expected transit time from one side of the corridor to anether, or from Point A to Point B, as
is expected based on the congestion conditions that change throughout the day or from day 1o
day. This prevents the VOU {101} fron constantly requesting priovity from the wayside
equipment in times where congestion is significant enough that priority is more of a
hindrance to traffic How than a help, such as times of peak tratfic at the begiing, muddie,
and end of work days. This allows the operator to customize the level of influence that gansit
vehicles have on the traffic around them, based on historical expectation of traflic flow in
various areas thronghout the municipality (whether in suburban sprawl, industrial district, or
in tight downtown enviromments) nnder different traffic load conditions.

[096] Still further, the time determination of expected fransit can also be altered
depending on if the mass transit vehicle i3 cwrently ahead of | on, or behind schedule and
what state a change would shift to. For example, if a bus was ahead of schedule, the allowed
transit time i g particular zone may be increased and even if it i missed, the vehicle may
simply deemed to now to be on schedule instead of belind schedule. The window could also
be determined incrementally. For example, if a bus was determined to be 3 minutes ahead of
schedule, 180 seconds {or even something like 240 seconds to keep the bus from staving
abead of schedule) could be added 1o the current allowed zone interval before the bos was
considered to no longer be on schedule. However, if the bus took sufficiently longer than
expected (for example if the buys was 180 seconds fast, but took 600 extra seconds ina
zone}, a bus which was considered ahead of schedule could now be considered behind
schedule and granted priority,

{0971 While the above provides for two examples of zones whereby the vehicle will
either activate or deactivate the priority request function of the VOU {101} based on the

vehicle performance through the zones, this is not the only type of zone which may be used to
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activate or deactivate the priotity function of the VOU (101}, In addition or alternatively to
the above, specific zones may be provided where the prierity function is activated or
deactivated regardless of the vehicles actual performance in a zone up until that time.

(098] As indicated above, these additional zones are of two general types. Authorization
enable zones are zones which are placed in any location where, when the vehicle enters the
zone, it 1s desirable for the vehicle to enable VCU (101) to turn ou ("euable”™y and wdicate
that priority is reguired. This is equivalent to the bus being behind schedule, but the zone
makes no determination as to actual schedale.

[099] The other type is the authorization disable zone which is effectively the opposite of
the authorization enable zone and is placed in any location where, when the vehicle enters the
zone, it is desirable for the vehicle {o turm oftf the VCU (101} ("disable™). This is equivalent
to the bos being on or ahead of schedale which would disable transit signal priority.

[0100]  Much like the various different timing zones, it may be desirable at certain times of
the day or on certain days of the week 10 selectively enable or disable the ability to make
priority calls at certain locations.

[0101]  For example, it may be prudent to have vehicles which are returning from the
teansit route during busy work-day hours pass through a zone which disables the VCU (101)
regardless of whoether they were abead, on, or behind schedule on the previous route segment,
With the vehicle VOU (101} disabled, #t can travel through the next senies of intersections on
the same timing as passenger vehicles around them and as i has no need to ramain ona
schodude (since it s ont of service), but the system can monitor the corndor timing zones (o
see if the vebacle is being delayed by the tratfic conditions at the presest time on the vew
route. This effectively allows the user to "reset” the various timing zones' influence on the
operation of the system as the vehicle moves from one corridor to another. Additionally, it

may only be necessary to perform this operation during the work-week, and instead allow the
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conditions from one toute to another milnence one another durmg the lighter traffic
experienced in a location during the weekend.

(01021  Conversely, there may be locations where 1t is necessary, only at certain tiraes of
the day or on certain days of the week, to force the VOU (101) into the enabled state in order
to aid i clearing waffic m a specific direction at a specific intersection which might
encounter higher-than-normal congestion 1o g specihic approach, but wouldn’t otherwise be
iriggered by a delav. Ia this apphcation, the transit vehicles are able o assist i extending
green phases or shortening red phases in locations where traffic builds up in a certam
direction only at specific times of the day or on specific days of the week, Such operation
could also be used as part of a general traffic management scheme o wtilize mass wansit
vehicles o help clear areas where gridiock is common.

FO103]  Just ike with the various timing wones, these authonization disable zones and
authorization enable zones can have more than one zone time interval applied to them.
[0104]  The next section of this document cuthnes using data available in the General
Transit Feed Spectfication (GTFS) or other route and stop mformation systems for the
purpese of enhancing the capabilities and usage of the VU when it is appliad to transit
operations.

[0105]  In mass transit operations many trausit systems provide their routes and stop
locations to the public in the form of a transit feed such as a GTFS static feed, which contains
a comypriets reposttory of all the relevant mformation to the operation of the transit agency.
From this data, it is possible to pull the locations of stops for vehicles assigned to various
rowtes. This data can be palled and avalyzed both by centeal server based TSP systens as
well as by VCUs {101) themselves {or their accessory programmable control heads).

[0106]  FIG. 4 provides an example of 3 transit agency's bus routes, as pulled directly from

their published static GTFS feed. In this scenario, where the selectively-activated priority
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request is destred but the VCU (101) does not bave schedule adherence equipment, the
systemn can run an addittonal schedule adberence routine 1n addition to the normal priortty
routine. In this methodology, a map of virtual detection zones is created on the approaches to
intersections where transit vehicles may request for priority, just as with any other VCU
{101} system. However, instead of the VO Us (101} then simply running the route and
comparing their location 1 their database of detection zones, the VOUs (101 are keptn g
disable state wntil they ave self-authorized by a schedule adberence routine,

[0107]  During the vehicle startup process at the beginning of the working shift, the VOU
{101} may utilize a connection to the vehicle's onboard Wi-Fi provider to reach out to the
Infernet snd acquire the appropriate static GTFS mformation. If the customer declines 1o
provide a network connection to the sysiem hardware, then the VOU (101) will generally
need to be equipped with its own Cellular capabilities to be able to reach the internet and
acquire this information. The VCU (101} typically first determines if the static GTFS
information has been updated since the last download, and i it has been, it acguires the
NeWESt Version,

[010&]  Since the GTES static information includes the location of the bus stops and the
times that the buses should arrive at them, depending on their assigned route and slot, this
information Can be valuable to the schedule adherence routine. The vehicle tvpically acquires
the GTFS real-time information via the same metheod, though this information is constantly
updated, so it typically neads to be downloaded i real-time or near real-time. The GTFS
real-time feed generally inchudes the position of the vehicle, as well as the trip updates which
help correlate the vehiele 1D to the ronte and slot that the velucle has been assigned to.
Knowing the vehicle's route and slot, i can then select the relevant times that the bus should

“check " at the various stops 1o be considered on time.
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(01091 FIG. 5 provides an example of a transit agency's bus positiens displayed in real-
time, pulled divectly from the real-time GTFS feed.  The VCU {101) will generally
continually process the vehicle's curremt location as acquired from s own GPS/GNSS
module {or relies on the position relaved in the GTFS Real-Time feed in the svent of 3 GPS
antenna fatlure), and compare its artival time at each bus stop fo the arrival time dictated in
the GTES Static feed for that route and slot. 1f the bus bas arrtved at the station behind
schedude, and 1 a nuraber of seconds exceeding the schedule deviation threshold (for
example, five minutes behind schedule), then the VUL (101 self-issues an extemnal
authorization {enable) command which enables the VOU (101 to request priority at the next
intersection(s). The VOU (101) then performs its nornal routine of comparing its position 1o
its virfual detection zones, sending to request priority through the infersection until it reaches
the next bus stop.

[0110]  When the VCU (101} arrives at the next bus stop, the schedule adherence routine
again performs the comparison to the schedule and determunes if the bus is back on schedule
or even ahead of schedule. When the bus returns to conformance with 1ts stated schedule, the
VLT (101) is disabled from continuing to request priority. This process generally repeats at
every bus stop until the vehicle ends its service day or changes routes, at which point the
VOU (101) may re-exanune the static feed data and may npdate the times that i expecis o
arvive at the listed bus stop locations.

[0111] It is mnportant to note that not all mass transit systems provide their real-time data
for use with this methoed. In the event that the agency 15 unwilhing or unable to provide the
real-timoe data, the system can utilize several other schemes for obtaning the vehicle-route
asstgnments, such as the utilization of a programmable control head in the vehicle's operator
area, where the human-machine-interface afforded allows the operator to manually select

their route assignment. Alternatively, the dispatcher who assigns vehicles to routes can use
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central monitor {102} software to remotely assign vehieles to their routes, which is published
o a file which the VOU (101) can retrieve when it retrieves the GTFS Siatic feed data. With
these features, the system can overcome the limitations of certain agencies who only provide
part of the total GTFS feed.

[0112]  The above systems and methods allow a VOU (101) to not be required to always
request priotity at all the equipped intersections along a transit route, wiach nunumizes the
adverse immpact the mass transit vehicle’s use of priovity may have on the planned flow of
traffic and assists in keeping mass transit velicles closer 1o schedule adherence. These
systems and methods therefor present solutions 1o sttuations where the customer may desire
this functionality even in the absence of an mterface o existing Scheduling equipment or 1o
the traffic network.

101131 The qualifier “generally,” and similar qualifiers as used in the present case, would
be understood by one of ordinary skill in the art to accommodate recognizable attempts to
conform a device to the gualified term, which may nevertheless fall short of doing so. This is
because terms such as “sphere” are purely geometric constructs and no real-world component
is a true “sphere™ in the geometric sense. Variations from geometric and mathematical
descriptions are unavoidable due fo, among other things, manufacturing tolerances resulting
in shape variations, defects and imperfections, son-uniform thermal expansion, and natural
wear. Moreover, there exists for every object a level of magnification at which geometric
and mathematical descriptors fail due to the nature of matter. Ove of ordinary skill would
thas understand the term “generally” and relationships contemplated heremn regardless of the
wchisron of such gualifiers to include a range of variations from the Iiteral geometnic
meaning of the term 1 view of these and other considerations.

[0114] Whale the invention has been disclosed in conjunction with a description of certain

embodiments, including those that are currently believed to be the preferred embodiments,
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the detailed description 1s intended to be iHlustrative and should not be understoad to himit the
scope of the present disclosure. As would be understood by one of ordinary skill in the art,
embodiments other than those described in detail herein are encompassed by the present
mvention. Modifications and variations of the described embodiments may be made without
departing from the spirit and scope of the invention.

[0115] e will further be anderstood that any of the ranges, values, properties, or
characteristics given for any single component of the present disclosure can be used
interchangeably with any ranges, values, properiies, or characteristics given for any of the
other components of the disclosure, where compatible, to form an embodinment having
defined values for each of the components, gs given herein throughout. Further, ranges
provided for a genus or a category can also be applied 1o species within the genus or

members of the category unless otherwise noted.
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CLAIMS
1. A system for assisting in mamntaining a vebicle on a fixed schedule, the system
comprising;

a vehicle having #s own schedule with a specified schedoled arvival time at each of a
plarality of specified destinations along a route!

a plurality of priority detector nuits, wherein each priority detector anit 1§
comnynicatively attached to a signal light controller along said route [ and

a vehicle control wnit (VU in said vehicle, said VOU configered to interface with
said phurality of priority detectors, said VCU;

wherein, an amount of time measured for said vehicle to raverse a portion of said
rovte determines if said VCU is active and requests priovity for said vehicle from a next
priority detector unit on said route, or is inactive and does not request priority for said vehicle
from said next priority detector unit on said route.
2. The svstem of clatm 1 wherein said portion of said route corresponds to a corridor timing

L080,

%

The system of claim 2 wherem said corridor timing zone s positioned atong said route

prior to g zone for activating said next priority detector.

4. The system of claim 2 wherein said corridor timing zone s positioned along said route at
least partially overlapping a zone for activating said next priority detector.

5. The system of clainy | wherein said portion of said route corresponds to a portion
between two Waypoints.

6. The systern of claim § wherein said wavpoints correspond to scheduling stopping points
for said vehicle.

7. The system of clamn 1 wheremn said vebicle is a mass transit vehicle.

8. The svstem of claim 7 wherein said mass transit vehicle comprises a bus.
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9. The system of claim | further comprising an authorzation disable zone which mactivates
said VOU when satd vehicle enters said anthorization disable zone regardless of if said
VU s active or inactive when satd vehicle enters said anthorization disable zone.

10, The system of clainy 9 wherein said authorization disable zone is not on said route.

11. The system of claim 9 wherein said authorization disable zone is on said route

12, The systern of claim | fucther comprising an authorization enable zone which activates
sasd VOU when satd velucle enters said authorization enable zone regardiess of if said
VCU 18 active or imactive when said vehicle enters said avthorization enable zone.

13, The svstem of claim 12 wherein said authorization enable zone 15 not on said ronte.

14, The system of claim 12 wherein said suthorization enable zone is on said route.

1S, A sysiem for assisting in maintaining a vehicle on a fixed schedule, the system
COMprising;

a vehicle having #ts own schedule with a specified scheduled arrival time at each of a
plurality of specified destinations along a route;

a plurality of priority detector units, wherein each priority detector unit is
communicatively attached to a signal light controller along said vowte { and

a vehicle control unit (VCU) in said vehicle, said VCU configured to interface with
said plurality of priority detectors, satd VU

wherein, a target time for said vehicle o arrive at a point on said route is compared to
an actual time said vehicles arrives art said point and said comparison determines if said

VU is active and requests priovity for said vehicle from a next priosity detector wat on said

rogle, of 1§ inactive and does not request priority for sawd vehicle from satd next priosity

detector unit on said route.

16. The system of claim 13 wherein said target time and said point on said route are

determined from General Transit Feed Specification {GTFS) information.
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§7. The system of clasm 15 wherein said target time and said point on said route comprises a
scheduled stop of said vehicle.

18, The system of clatm 15 wherein said vehicle s a mass transit vehucle,

19, The system of clainy 1 further comprising an authorization disable zone which inactivates
sard VU when said vehicle enters satd authorization disable zone regardless of if said
VOU is active or inactive when said vehicle enters said aunthorization disable zone,

20, The system of clann 1 further comprising an anthorization enable zone which activates
said VUL when said vehicle enters said authorization enable zone regardless of if said

VO 15 active or inactive when said vehicle enters said anthorization enable zone,
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