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ABSTRACT

This researchdemonstrate the effectiveness of Tmait Signal Priority (TSP) in
improving bus cordor travel time in & i mu lervitoeniknt using reaborld data. TSP is a
technology that provides preferential treatment to buses at signalized intersecByns.
considering different scenarios of activating bus signal priority when a bus is 3 omutesnin
behind schedule, it was demonstratieat bus travel times improwksignificantly while there is
little effect on delays for crossing street traffic. The case of gmayisignal priority for buses
unconditionally resulted in significant crossingest delays for somsignalizedintersections
with only minor improvement to bus travel time obeth scenariosf Conditional priority

Evaluationwas conducted bysing micresimulationand statistical analysit® compare
Unconditional and Conditional FSwith the No TSP scenario This evaluation looked at
performance metricor buses and all vehiclesjcludingaverage speed profieaverage travel
times,average number of stopandcrossing street delay. ifferent Conditional TSPscenarios
of activating TSPwhen a bus is 3 or 5 minutes behind schedidee consideredThe simulation
demonstratedhat Conditional TSRignificantly improved bus travel timewith little effect on
crossing streadelays.

The results also showed that utilizing TSRhi®logy reduced the environmental
emissions in the-Drive corridor. Furthermore, field data was used to calculate actual passenger
travel time savings and benefit cost rati92) that resulted from implementing conditional
TSP.Conditional TSP 3 mines behind schedule was determined to be the most beneficial and

practical TSP scenario for real world implementation at tragleorridor and regional levels.
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TERMINOLOGY

Alighting: A passenger thas iexiting the bus vehicle.

Automatic Vehicle Location (AVL)AVL systems calculate the real time location of any vehicle
equipped with Global Positioning (GPS) receiver. Data are then transmitted to the transit center
either through radio or cellular comunications and are then used immediately to correct

scheduling and other operational deviatiod§. [

Automatic Passenger Counts (APCAPC systems are electronic machines that count the

number of passengers that board alight at every bus stop2]

Boarding: A passenger entering the bus vehicle.

Bus Rapid Transit (BRT) iBus transit designed as an integrated system of distinct bus vehicles,

separate right of way (category B or A), preferential treatments at intersections, ITS, and other

elements forgreater efficiency. Its better performance and stronger image result in greater

passenger attraction than regular®(i3]

Bus Route TrajectoriesThese are drawn using the average bus speed and average signal and

stop delays.
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Coefficient of Determinatbn: this is also known as?Rlt indicates how welthedata points fia
line.

Conditional Transit Signal Priority Is the granting of transit signal priorifgr a transit vehicle
that is behind schedule by a predetermined amount of timihis researh, 3 minutesand 5
minutes were used

GEH Statistic This isa formula used in traffic engineering, traffic forecasting and in traffic
modeling that compares two sets of traffic voluraad wasnvented by Geoffrey E. Havers in

t he 1 &ile@arking imLondon, England4]

2(11-1 — C')Q
GEH =3 ==
\/ M+ C

Opticom GPS The Opticom GPS system uses Global Positioning Satellite technology along

with secure radio communication to gain preemption or priority at equipped intersesjtion. [

Least Square Regression Modeff his is an approdxfitting a statistical model tdatain cases
where the idealized valuer valuesprovided by the model for any data point is expressed
linearly in terms of the unknowvaluesof the model. The resultingitted moded can be used to
summarizethis data, to predict anyunobserved values from the samm®de| and tobetter

understand thenodeb. [6]

PRG Priority Request Generator is responsible for initiating request for priority based on a
defined criteria, which may be unconditional (gpyiority autanatically requested for all transit
vehicles on certain routes) or conditional (emiority requested for transit vehicles that are

behind schedule by more than 5 minutes). [
Xiii



PRS Priority Request Serve?[: Thi s hiegesabi net e qun prhearste Qpetliexcd or

Transit Signal Priority. An operational strategy that facilitates the movement dfansit

vehicles through traffic controlled intersectiolisnodifies the signals operatioj]

Split: This is aportion allocated to each of thenaus phases in a cycle (signal) and is usually

expressed as percentagés [

Transit Signal Preemptiort Differs from Transit Signal Priority, which modifies the normal

signal operation process to better accommodate transit vehicles, while preemptipts dise

normal process for special events (gagtrain approaching a grade crossing adjacent to a signal,

emergency vehicles responding to an emergencyocg])

Type 170 This is aparticulartype of traffic signal controller.7]

Unconditional Transit Signal Priority This is the granting of transit signal priority to a transit

vehicleregardles# the transit vehicle is behind schedule or not.
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CHAPTER ONE: INTRODUCTION

Traffic signal preemptiors a type of system thatodifiesthe nornal operation ofraffic
signalsthat caraccommodate transit vehicle®ne of themost common usof these systems is
to control traffic signals in the path of aesmergency vehicle bgtopping conflictingside street
traffic and allowng the emergency Vecle the rightof-way through a sign@ed intersectiory
the signal controllers dropping the coordinated operatidhallows a reduction irthe critical
emergencyresponse timeand enhanceoveralltraffic safety. $nal preemptionhasalsobeen
usal atrailroad grade crossings preventvehicld train collision by light rail systemsand by
bus rapid transit (BRT¥ystems to allowor the public transportatiopriority access through
intersections to ensure they remain on schedule and impronenuing times. In this
dissertation TSP will be usal for a bustransitsystem operated by LYNX, the Central Florida
regional transit agency.

Over the past few yearsmergeicy vehicle (e.g, fire and ambulanced)ave been the
predominant users of signal prioritiowever,a growing number of cities including Orlando
Florida have been looking to expand this to transit systems as a waytdntiplly increase
efficienciesof their transit systems by the useT@P. Smithé §2005 [7] researchstated that
ATSP is a tool that can be used to help make transit more reliable, faster and more cosbeffective

The City of Orlando hasnstalled the OpticomGPS system at several signalized
intersections in an effort to reduce emergency vehicle response time by providing signal priority.
They haveinstalledGPS equipment at 18faffic signalswith 100 on theFlorida State Highway

Systemand 81 offsystem. This also includé the installation ofGPSemittersin 61 vehicles



with 57 Olando Fire Departmen{OFD) vehicles and 4city of Orlando traffic signal

maintenance vehicles.

This corridor covers the Orlando transit systeperated byL YNX (the government
agency responsible for area transit servic)ecifically, it will cover LYNX bus route 8 (Link
8) on International Drivgl-Drive) including sevenTSP signalized intersections at Universal
Boulevard, South Kirkman Road, Grand NatioDave, Municipal Drive, midblock pedestrian
signal (Sheraton), Del Verde Way, and Fun Spot Way (formerly Touchstibrséould be noted
that the seven TSP signaksre interconnected. The Ethernet connectionsiside the signal
cabinetsallow for the gnals to communicate with each othein addition, there was a
coordinated pattern onDrive with serial fiber allowing communication with each signath

thecycle level offset drilng the coordinated phase.

TSP technology has also been recommendednamtelligent Transportation System
(ITS) technology for Bus Rapid Transit (BRT) and other integratedoamd systemsFurther
analysis in this dissertation will provide a better understanding of TSP effects under different
traffic conditions, determim the overall impacts of the TSP system on the local traffic network
including side street signal delay, improkes travel time and delaywhile minimizing the
impactson traffic signal operations, and create a more sustainable transportation system by

making the bus more attractive to public when it moves faster with less.stops.

A discussion of other transit signal priority systems will frevided in the
literature review section obther systems throughout the United States (US) and other

countries However, the main focus in ithdissertation will be on the implemented GPS



Technology in Orlando, Floridg5]. This TSP system is manufactured by Global Traffic
Technologies (GTT) located in St. Paul, Minnesota (UBhere are several types of TSP
systens; this project used OPTICOM GPS TechnologyGTT) as this was the type of system

the City of Orlando had selected for emergency preempiidis technology was chosen for this
TSP researchincethe existing Intelligent Transportation System (ITS) isfiracture in the City

of Orlando had a developed fiber optic network and signal controllers that could be adapted to
this type of TSP technology. Additionally, this type of GPS signals is advantageous in urban
areas, such as in theDrive test corridor,since the signals can travel around corners or
obstructions. -Drive has numerous buildings, landscaping and curved roadways near the

signals, making this technology a smart choice.

Testing TSP while it is operational in a real life setting is necedseigre the TSP
system can be expandekh the era of government budget constraints it is necessary to show that
a system will work and can be effectivAs such, the intent of this research is to test if the TSP
system on {Drive will work or not beforet can be expanded to other transit areas in Central
Florida. Expansiorof the TSP systemwithout propertesting andcareful evduation can be a
costly endeavor. The agencies responsible for future expansiomohanv&ire that expansion of
the TSP systa is cost effective and beneficial to their patrons in reducing travel time and
improving schedule reliabilityMinimizing cross street delay through simulationan extremely

important aspect of testing that is critical to prove the system is effective.

To allow for simulation modeling, actual bus data was required for this research. This
data, including corridor travel time, delay, and passenger counts, were collected by riding the

Link 8 buses along the test corridor. This real world data was adadyzkused to calibrate and

3



validate the micresimulation program VISSIM. VISSIM was utilized to run different TSP
scenarios where various performance metrics of the corridor were produced as output. This
included average speed profiles for all vehieed bus only, average travel times for all vehicles
and bus only, and crossing street delay along the co(NMISGIM). [8]

The Orlando area is one of the top tourist destinations in the worldseasttralmajor
theme parks within the area including Unsa StudiosSea Worldand Walt Disney World. In
the tourist areabounded byUniversal Boulevard, {Drive and Kirkman Roadre two major
theme parksith Universal Studios and Sea Worlthe touristsand business travelessay at
the numeroushotels and frequenly visit the restaurantand shoppingcentersin these areas.
These tourists also include business travelasdtay in this area durirthe many conventions
at the Orange County Convention Center located@nve (south of the study corod) as well
as the larger hotels. As syamany do not have vehicles and use the transit sydt@mve
trolley or taxi service. In addition téouriss and business travekrworkers in the service
industry use these transit services to travel to amh fvork placesalong the 1Drive corridot
This tourist commercial roadway seshggh vehicular and pedestrian volumes

Field data collectetvasused to evaluate the four scenarios oNo TSP, Unconditional
TSP, or Conditional TSP 3 and 5 minutesime behind schedule) decreases bus travel times
which contributes to improving adherencestthedulemaking bus service more reliable from a
customer stand point This was determined by comparing the corridor travel time with these

three scenarios.

Consideation for the type of field data required was evalddtegough literature review,
what data could be collected amdhat other data waavailable. The data collected inclade

passenger counts, along with collection of signal and passenger delays byhediik 8 bus
4



in the corridor on Drive-Drive in Orlando, Florida (US). These data collection runs are very
useful to fully understand any delays within the corridor and the effects of these delays on the
TSP systemThis collected data and availableustes of datavere used to model traffic using

VISSIM.

As some background,ni October 2011, theCity of Orlando had developed a
demonstration projedf TSP on {Drive between Universal Boulevard aRdn SpoWWay as part
of the 18" ITS World Congress helat the Orange County Convention Center in Orlando,
Florida The demonstration oTfSP was selected for theDirive corridor based on the existing
signal system infrastructure maintained by @ity of Orlando. Minor upgrades were necessary
to the traffic signal controller with TSP capability at seven $fgnalized intersections on |
Drive. Sixteen (16Lynx buses on Link 8 were upgraded wiBPS equipment to allow for
communication of TSP requests to thaffic signal controllers. Fothe initialteding, TSP was
provided for anyGPS transponder equipped bus servihmpk 8 regardless of schedule or
passenger count.

It should be noted thahe Link 8 bus service travels through the tourist corridor and
serves as far south dke Orlando Premium Outleten Vineland Road (south of SR 528,
Beachline Expresswaydhe Orange County Convention Centéren as far north to downtown

Orlando athe main bus terminal atynx Central Statiorfsee Fgurel) [9].
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1.1 A Brief Discussion of LYNX

The agency responsible for bus service in the Central Floridaasra@oted inthe
previous sections LYNX. This government agencwas founded in 1972 athe Orange,
Seminole and Osceola Transportation Authority (OSOTA). It became tHeotinty Transit in
1984 and began doing business as LYNX in 1992 and officially changed #rag tothe
Central Florida Regional Transportation Authority March 1994.LYNX is in charge of
coordinating public transportation for Orange, Osceatal Seminole CountieIheyoperate a
fleet of 270 buses on 71 local bus routes, called Links withiceemwery day of the year. In
2012, LYNX setanother ridership record delivering more than 29.1 million passengerLiagds.

year in2013theywere on pace to exceed that record passenger trigpbscent[9]

1.2 Objectives

The objective®f this disertationwere ta
1 Provide a better understanding of how TSP causes changes in different traffic
conditions for both bus and regular vehicles.
1 Determine if TSP improves travel time efficiency by reducing travel time and
delay for the bus
i Model the oveall impact of the TSP system on the local traffic network,
including side streets at signalized intersections in the TSP corridor, to check for
any possible negative effedise f or e TSP6s regi onal i mpl er
1 Compare Conditional TSP and Uncondition&PTwith each other and with No
TSP to determine the most beneficial and practical TSP scenario.
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1 Show that TSP can be used to create a more sustainable transportation system by
reducing bus delaytravel time, and emissions,therefore increasing the
attractiveness of the bus compared to other modes of transportation (especially

single occupant vehicles).

1.3 Site Selection

As notedbefore the City of Orlando implemente@ demonstration project fdransit
signal priority (TSP) o 1.1 mile section dfDrive between Universal Boulevard aRdn Spot
Way (Touchstone Drivenear Universal Studioésee Figure?). For ths initial pilot test or
demonstration projecT SP was provided for arfgPStransponder equipped bus servlrigk 8
regardless of scheduladherenceor passenger counifter this demonstration projeavas
completedat the end oDctober 2011, the unconditional TSistemwas still activebut did not

have any follow upTSPstudy.

In the middle of 2012, the City of Orlando determined thahditional priority was
needed to better evaluate the TSP system. KittlesonAastciates wer retained as the
engineering consultant to develop a conditional priority protocol. This work began in early 2013
with system integration in May 2013 (GPS and LAV Since this corridor was already
establishedor TSPin 2011, it was determined to expand the corridor to run a larger experiment
and demonstratiorof conditional priority The focus b the new expansiorwas to test
Unconditional and @nditional TSP stings, andto compare with the N@SP condition.The

Link 8 schedule is shown in Appendix A.



Figure 2 showsLYNX Link 8 bus routethrough the corridoand the traffic signals
equipped with TSPEven though there were seven (7) TSP equipped intersedtiansgrely if
at all hal bus TSP calls. These are Kirkman R@adl the pedestrian signal at Sheratdfun
Spot Wayhad some calls during Unconditional TSP but none during Conditional TI3#s

information will be showrlater in the analysisf thesignd preemption logs

6 signalized intersections equipped with GPS
7 , Opticom between UniversalBoulevard and Fun
TR S R Spot Way (formerly Touchstone)
Universal Studios ™=’ %aeeey/ /4 2° 4 ot P T
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Figure 2: Site map of I-Drive corridor with signal locations
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1.4 Land Use in thel-Drive Corridor of the Orlando Tourist Area

As then at i econdng has rebounad recently it is anticipated that severalew
projects (namely hotels) will be under construction in the tourist aleawasevidencedy the
recentconstruction of a new hotel at Universal Studios Cabana Ba®Qig8m hotel) andilso
the current construction of the Great Orlando Wheel on Universal Boulevard ne@rahge
Countyconvention centefThe FDrive area is a very congested area and improvement to transit
will benefit the area by possibly allowing more movement of peoplejaods.

The Orlandd-Drive tourist aredhas a mix of hotels, restaurants and theme parksvaind
be defined as-Drive, Kirkman Roagand Universal Boulevarthatincludes:
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CHAPTER TWO: DETAILS OF LYNX BUS ROUTE 8 ALONG TSP
CORRIDOR

Figure 3 illustrates the dDrive corridor and shows both the eastbound to northbound
movement,or easbound direction, and the westbound to southbound movemmewestbound
direction. The eastboundoute starts at bus stop, Iocated at the tourist attraction d¥et o &

Wild, and ends astop 9,nearthe shopping area dDrlando Premier Outlets, for atal distance

of 10,190 feet. Thevestboundoutestarts at bus stop 10, the Orlarfi@mier Outlets on West

Oak Ridge Road, and endssabp 17, Walgreens Pharmaasgt south of the Universal{Drive
intersection for a total distance of 10,243 feethis included Non TSP signals to determine if
there was much difference in travel time from TSP signals to non TSP signals along the route

and possible effects of non TSP signals on the TSP equipieesections

One signal location at the Sheraton Hotdtich is a midblock pedestrian crossingas
not included irthe study listing becaugbkee traffic signal rarely causes traffic to st@pis signal
was equippedvith TSPbut only called for priority during the unconditional phaselas such

was notedhatit was not used in the analysi®nly six signals were analyzed.
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CHAPTER THREE : EQUIPMENT RE QUIRED

Figure4 below shavs the equipment wessaryfor TSPatthe traffic signal controller and
the transit buses. These photos show the GPS Anten@#®S Phase Selector in the signal
cabinet, controllein the signal cabinetith TSP settingsand thelR/GPS Emitter of the bus.

The GPS antenna would be mounted to the mast arm creterstrain pole at the signalized
intersection. The antenna would thencbenected by cable to the controller cabinet electronics.
The controller cabinet would include the GPS phasectse| the controller unit with the TSP
settings andEthernetcommunication equipment. The latter would allow communicaticheo
City of Orla n d 0 6 s dnagerhehtiCent€MMC) located at the Orlando Executive Airport
near State Road 408 east of downtown Orlando.

The bus would contain the GPS emitter.  This unit has been connected to the AVL
system in the buBy cablethat allows forthe bus location to be sent to the LYNX central office.
The AVL would provide the bus location amebuld determine if the bus is behind schedule by
three minutes or more. If this occurs it then activatesbtieGPS emitter thatvould send a
signal to the antera at the TSP equipped intersectidrhe components in the controller cabinet
would then activate the TSP and either extend the green signal or truncate Faspdority
oal | 0 twwbuel d ecorded at the City o fhdar@eemgiondo 6 s
logs. Thepreemption logs will be discussed in a later secfidreselogsfor Unconditional and
Conditionalarelocatedin Appendix B.

Some older systems of TSP used both optical and infrared (IR) emitters that would
transmit to a receiveat the traffic signal. These types of systems required a line of site and had
drawbacks as they had to be in direct line of sight to the signal. If the roadway was curved or if

there were some other obstructions like an overhead sign structure, ttez esiginal could be
13



deflected or blocked from being received. In the Central Florida area, other local municipalities
still use the IR line of sight system for emergency vehicles. However, when the City of Orlando
reviewed the options for GPS expansiand in reviewing lessons learned from other agencies, it
was determined that the City of Orlando required a system that was not just based on line of
sight. The requirements were such that the system must be activated as the fire engine exited
from the fre station so when they entered the main signalized intersection the system would
have been already activated in preemption mode. This was the main reason for using this type of
GPS system (Opticom GPS) originally for emergency services so as to desmsaggncy

response times, and this was later adapted for use in TSP for transit service.

EQUIPMENT REQUIRED

At the Signalized Intersections
On Link 8 Bus

IR / GPS Antenna

IR/GPS Emitter

Opticom Phase
Selector

Controller with TSP
Settings
On-Bus Opticom
IR/GPS Unit

Ethernet
Communications
Equipment

Figure 4: TSP equipment required (ource: Kittleson and Associates 2013
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Figure 5: TSP antennaat Del VerdeWay and I-Drive

Figure5is an example of the GPS antenna at one of the TSP sajriadéde Verde Way
on thel-Drive corridor. Thislocationis near the curve onDrive thatchanges the-Drive
directionfrom the eastbound direction to the northbountedtionand the southbound direction

to the westbound direction.
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CHAPTER FOUR: LITERATURE REVIEW

4.1 Brief History of TSP

The following is a brief historical review of some of the TSP systems in North America.

Narrigan et al. (2002)[10] outlinedhow the City of Springfield, Massachusetts and the
Pioneer Transit Authority (PVTA) werthe first to installof that region of Massachusetts a
Transit Signal Priority (TSP) system on one of the systems bussit routes on Sumner
Avenue. In 2001, the Cit of Springfield and the PVTA sought to improve transit within this
corridor. They applied for a grant from the Massachusetts Executive office (Massachusetts
Department of Transportation office) using Congestion and Air Quality Mitigation funds as a
funding sourceto reduce automobile trips and improve air quabty increasing transitThe
system chosen was based on optical based transmitters on the bus with receivers located at the
traffic signals. When a bus approaches a signalized intersection waibifedt, the receiver at
the traffic signal detects the optical transmission. This will either shorten the cross streets green
light or extends the green light along the bus route. A new algorithm was developed that would
not disrupt the coordinated sajrtiming.

Objectives of this project included reusing of existing signal equipment as much possible
to reduce cost, reducing transit travel time through the corridor, increasing ridership, reducing
vehicle miles traveled, and improving poor air quality offering a viable alternative to
passenger vehicles. It was found after implementation that travel time was reduced in this route

from 45 minutes to 30 minutes. The ridership ranged from 7 to 15 passengers per hour with an
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average of 11 passengers lre ffirst four months. It was reported thmatership had increased
8% for October 2006 compared tive previous time period @ctober 2005.

Kloos (2002) [1] discussed the City of Portland Oregon bus priority system in a
workshop he conducted in 2002. He discussed two issues with bus priority including the
detection method and the priority method. They determined th&RSsystem had best met
their objectives as they had used this type of system for fire preemption in Poiflaisds the
similar type of TSPsystemthat the City of Orlando usefor fire preemption and later for bus
priority.

The workshop discussebe use of bus controller communication methods that it shared
with the Portland Fire DepartmenYarious TSP methods were tried inding green extension
and red truncation as well as providing queu
gueue at a signal. They began their studiesanly 1993 on Powell Boulevard. The GPS system
coupled with AVL system allowed for a 10% redoatiof travel time in the peak period and an 8
to 10% on time performance

Wang et al. 008 [12] studied the South Snohomish Transit Signal Priority RISP)
that had been installed on two corridors including™.6#reet SW corridor (Phase One) and on
the SR 99 (Phase Two) in Snohomish Coulttyated in Seattle, Washington. The study
guantitatively evaluated the impacts of the SBESP system on both transit and local operations
from the analysis of collected field data. The analysis found that tH&TSB provided positive
benefits and had minimal impacts to side street traffic operations. The latter is always a concern
to traffic operations engineeirsany analysis of TSP.

A report by theToronto Transit Commission conducted in July 27, 2004 in Toronto,

Canada 13] found that Toronto had over 14 vyear sbod
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equipped intersections on streetcar routgls 115 equipped signalized intersections were on bus
routes. A six (6) intersection demonstration streetcar projegarben 1990. This involved
controller preemptionusingsimple algorithms. From that demonstration project it found up to
20% transitraveltime reduction. From that poitite earlieralgorithms were improved and pre
empt functions were used for greextension and red truncationSince tansit makes up a very
i mportant part of Toribwasimpprsanttordevelop proeffitieattstenro n  n e
thatcarries between 31,000 and 52,000 passengers a day.

In 1997 the Toronto transit signal mity was expanded to buses at 10 signalized
intersections using infrared based vehicle communicdtidh This demonstration project
found that transit delay decreased up to 46% and that cross street traffic was not adversely
delayed (the latter is imp@nt so as not to disrupt cross street operajioris also found that
there were issues to the bus detection system with reflection of signal and missed detection
issues because of equipment alignment issgewy the line of sight infrared systemSe\eral
recommendations were made to use loop based detection (less costly option) and equip the buses
with RF transmitters. In 1998, 33 intersections were equipped with transit signal priority with

the savings of over $235,000 in operating castsually.

4.2 Current TSP Literature Review

There has been extensive research perfor me
As bri ef luynddkirs cBus sedd difi st ne yr ewve ® oe e dph@ptey s
of Portl| amhi,lt ®@r edlgeawré,l a TSP system f or (tsheeei r b

secti,onK)40.01sWi th their system, buses that were
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time behind schedule could receive transit si
schlea.u

Many of t he studi es conducted used VI SSI
coordination with TSP. There waso alessowolsveemea hee
of a wydeéeemraffic signal operatienofdiB$R.pt sd
always a concern with traffic operations engi
Ot her research involved transit service perfo
was studied and anal yzedando Rermadfuiatt eoft htehe@ eT 31
of one of the studies, the bus schedule was 1
used to take full advantage of the conditiona

Il n Europe, studi es ac odn dfufcetreedn ti na pNoroovaacyhe. d s eT
on the wuse of virtual | oops based on the onl
requests to the traffic dhagwed .t Natddithenabeshd

transportwitdena camnsiptriove effect and b.e profit:

| t wafsouwndot hat eB&mMomeaddevel opment and in
also appears that home buyers are willing to
hi gh quality transit service. Thi s woul d S

Devel opments (TOD) as part of a responsi bl e s

An area of concern is how TSP affects sid
reviewed througghsecnt itone afsoldnowimportanhe compo
literature reviewthat follows isto determine what has been performed to determine what
methods andools have been useith previous projects including micro simulatitmdetermine

the impact offSP on side streets
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H. Smith, B. Hemily, M. lvanovic (2005)[7] discussed that when TSP is used it can be
an effective tool to help make transit service more reliable, faster, and more cost effective. TSP
has little impact on general traffic and is anxipensive way to make transit more competitive
with the automobile. It is used extensively in other parts of the world, and is rapidly becoming
more popular in the United States.

Islam et al. (2012) 14] analyzed different Transit Signal Priority (TSP) sttaes for
improving the performance of the LRT corridor. VISSIM, a migonulation tool with its Ring
Barrier Controller (RBC) emulator is used to implement the strategies at a major intersection
during peak hours. Field data for both AM and PM peakrdiomere collected at four
intersections along the corridor for the calibration of the VISSIM model. The three TSP
strategies explored in this paper are (a) Simple LRT preemption (b) LRT prediction and
preemption, and (c) LRT prediction and preemption togretvith transit bus priority. Each
strategy is evaluated by comparing the performance measures. It is found from the results that
the strategy (b), where LRT arrival time is predicted to provide LRT preemption, yields the
highest improvement in the coradperformance.

Liao (2012) [15] indicated thatas part of the Urban Partnership Agreement (UPA) in
Minnesota, Transit Signal Priority (TSP) was implemented on 27 signalized intersections along
Central Avenue from north Minneapolis t694. Transit servie performance before and after
the TSP deployment was studied to evalu&® benefis. As a result of the TSP deployment,
bus schedule was reducedtiso minutes to take full advantage of the conditional signal priority
strategy.

A wirelessbased TSP algithm previously developed by the author was installed and

deployed on four buses to validate the algorithm and evaluate performance. This wireless TSP
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strategy consided bus location,and speed and schedule adherence for priority request. A
customized oboardembedded system, namely UMN TSP, was also developed to interface with
radio hardware and bypass the existing onboard TSP algorithm. The objesgite validate the
UMN TSP algorithm ando compare its performance witthe existing system by taking
advantage of the already instrumented onboard equipment and roadside infrastructure.

Buses equipped witthe UMN TSP system communicate withe intersection signal
controllers when they are approachamydpass though a signalized intersectiofihe ink travel
time andtime point (TP) time(a geometric point in timejn the TSRequipped route segments
were compared. Test results indicated that the existing TSP implementation improves bus travel
time by about 406%. The UMN TSP algorithm ga#a anaddiional 3o 6% of travel time
reduction as compared to other buses operating on the same route duringeekiest period.

Pessaro and Van Nostrand (2014)16] described an empirical method that waed to
measure the before and after effects of TSRHert95 Express Bus Service in South Florida.
The method involved synchronizing travel time data from the automated passenger counters
(APCs) with delay data collected manually by observers on the bus. The result was a complete
picture of tsdneansi&Ribes | mpac

The measures included before and after results for travel timasnerperformance,
components of delay (e.g., dwell time, sigdaelay, turnout delay), as well as average signal
delay per intersection. The resultglicateda 121 percent reduction in bus travel times, a
decrease in average signal delay from 24 to 20 percent of the total travel time, and an
improvement in oftime performance from 66.7 to 75 percent. The results confirmed that nearly

every intersection experienceleéss delay with the TSP activatéds a result of these
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improvements, Broward County Transit was able to modify the route schedule and reduce the
actual running time by four minutes.

Ruimin and Zhang (2012) 7] developed a muHobjective transit signgdriority model
based on schedule to give priority to Bus Rapid Transit (BRT) system with segregated lane and
dedicated signal light at an intersection. This model gives signal priority strategy to different
BRT vehicles according to their schedule maiatere, including conditional priority for delayed
BRT vehicle and holdingtrategy for early BRT vehicle, in order to improve BRT schedule
maintenance, headway maintenance and minimize the negative impacts on-firenmmzed
vehicles with limiting theirmaximum delay. The VISSINbased simulation results indicate that
the proposed model can provide more reliable BRT service than which based-pmonitired
or nondifferential signal priority strategy.

Min Yang, et al. (2012) [B] analyzed two proposedontrol strategies using a
microscopic traffic simulator VISSIM. The first strategy is transit speed guidance, a traffic
control strategy that provides priority at intersections for buses througimgaiad contrding
the travel speed of buses so tha bus arrival at certain intersection is predictable. The other
strategy is signal priority using advanced detection, a Transit Signal Priority (TSP) strategy that
detects one cycle in advance of busesdé arriv
algorithm to provide signal priority for buses.

The example is based on the BRT planning scheme on Shengli Avenue in Yingtan City
(Jiangxiprovince in theP e o p Republie ofChina including BRT features like exclusive bus
lanes, bus stops installed front of stop line and load/unload passengers during red signal
period. Based on the evaluation of indicators like delay, travel speed and reliability, the

simulation results show that these two proposed control strategies have remarkably improved the
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efficiency of public transitlt comparedhethree simple scenarios (base case, exclusive bus lane
and conventional signal priority). It offers a case study for the management and control of BRT
operation, and provides some practical insights about hawpimve public transit efficiency.

Zlatkovic et al. (2012) [L9] presented an analysis of different Transit Signal Priority
(TSP) for a future Bus Rapid Transit (BRT) corridor in West Valley CitghUThe goal was to
find the optimal TSP strategy festmated and planned traffic and transit operations. The study
used VISSIM micresimulationsoftware in combination with ASC/3 Softwairethe-Loop (SIL)
simulation. Four different models were used in the analysis: No TSP, TSP, TSP with phase
rotation and Cusm TSP. The results show that TSP with phase rotation and Custom TSP can
both be considered for implementation. TSP with phase rotation brings significant benefits for
BRT, with minimum impacts on vehicular traffic. Custom TSP brings major benefits fonBR
terms of travel times, delays and stops. However, this strategy has more impacts on vehicular
traffic. Custom TSP is an advanced strategy that still needs examination and improvement. The
study provided a set of instructions on how the describedgteat can be implemented in the
field traffic controllers.

Albright and Figliozzi (2012) [2Q focused on the effectiveness of conditional transit
priority, or the manipulation of traffic signal timing plans to reduce delay of late transit buses.
The integation of two different transportation subsystems is studied: traffic signals and public
transit systems. These subsystems interact along a congested corridor where they share a
common roadway infrastructure and transit signal priority (TSP) regulatesntiér@ction
between traffic signals, passenger traffic and buses. Previous research has focused on bus TSP
performance evaluation at the route level. However, in practice it is important to understand not

only TSP performance at the route level but alse ihmpact of TSP at the traffic signal
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intersection level, e.g.to allow progression in major cross streets. Furthermore, TSP can
significantly improve performance at specific intersections even though at the route level TSP
shows a more modest impact. $hesearch proposed the integration of several datasets such as
bus scheduling and location, passenger flows, and TSP requests to evaluate schedule adherence
at the stop level and TSP performance at the signalized intersection level. They analyzed a
congesed arterial corridor and utilizeregression analysis to determine the key factors that
affect bus travel time and schedule recovery for late buses. They found that TSP tends to be most
effective at lower volume intersections where queuing is less prabtenmplications of the

findings were analyzed and discussed.

Koonce (2012)[21] discussed that transit service is a vital part of any responsible
transportation system by providing mobility and access for all members of society. This article
alsodesci bes the <city of Portland (Oregon) I N CC
transit provider) and the Oregon Department of transportation implementation of TSP at more
than 240 intersections on s eV e thattwoula sekectivtely r out e
request signal priority based on the status of their schedule. This system was started in 1999 and
completed in 2003. The controller software was upgraded to allow for green light extension for
the bus phase and red truncationrfon-bus phases. They used B@Ssystem (similar to the
City of Orlando) and an automatic vehicle locator (AVL) system. This article also
included a discussion die decline of public agency funding and suggeshn increase in the
number offinancial partners including private partnerships.

Perk and Catal (2012)[22] discussed the impact ppopertyvalue because of Burkapid
Transit (BRT). In this article they contend that as more BRT systems are planned and operating

that more comprehensive undarsiing of the relationship between land use and BRT systems
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need to be evaluated. There seems to be both qualitative and anecdotal information that the
implementation of BRT service leads to economic development and increased land value. They
studied sygems in Pittsburgh, the East Bus wand the Boston Silver Line Washington Street.
From their studiethey found that residentgerewilling to pay ar additionalcost foreay access

to quality transit service.

O. Tveit (2011)[23] presented a new TSPraept at the 2011 Intelligent Transportation
Systems (ITS) World Congress held in Orlando, Florida. This new innovative TSP approach is
cal lvVea tiaal Loops f or afdrdastribas the iBplegnansation ¢f & newr i t vy
reattime system for busethat are also utilized as a basis for signal priority in Trondheim,
Norway. The focusf the paper is the use of virtual loops based on the onboard bus computer as
a foundation for priority requests towards the traffic lights. It discusses the priabple the
sytsemand gives some data about accurach this study,the lack ofthe local bus to
intersection communicatiowas highlightedAll data communication for bus positioning data is
processed through GPRS connections to a central system. Aftessgiray theoriority requests
for the bus itis routedthrough a technical network towards the individadhptive signalized
intersection.

Welde et al. (2011)[24] presentedheir paperat the ITS World Congress called the
AEval uati ng t hTeme Pasgergertinformatibn aRdeBaidrSa | Priorityo
Trondheim, Norway. Thisincluded an evaluation of the impacts of real time passenger
information and bus signal priority on public transport in the Norwegian city of Trondiéien
paper aims t@expandthe knowledge in this area and provide evidence of both socio economic

profitability and user satisfaction
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Ghanim and Abu-Lebdeh (2012)[25] have performed recent research by attempting to
resolve the issue of a system wide traffic signal operatiisrupted by the individual signal use
of TSP to the signal network. They have developed real time traffic signal control integrating
traffic signal optimization and transit signal priority using Genetic Algorithms (GA) and
Artificial Neural Network (ANN) modeling algorithms to resolve this issue. Their analysis
found that the proposed signal control system was able to reduce traffic delay and stops and thus
improve transit schedule adherence. They also found that service reliability was improved
compared to scenarios involving ptened and traffic only real time control. The research
developed a dynamic signal priority optimization real time traffic algorithm known -as D
SPORT. This algorithm uses a GA to perform signal optimization and an ANN togaieldict
bus arrival time along its route. The3PORT is based on different ANN architectures.

Kittelson (2013) [&] did a before and after evaluation on TSP alddgve in Orlando,
Florida (US) (these are the same traffic signal locations thatvateaged in this paper). They
collected a small amount of field data for midday and evening hours in both directions. The
results showed a decrease in bus travel time ranging from 2% to 12% with the conditional TSP
implemented, and an increase in tratmele southbound/westbound duritite evening period.
In the report this may haveeen caused by large increase in passenger load during the PM peak

as well as traffic volumes increase during the collection time in the after study.

Kimpel, et al. (2005)[27] performed a before and after study on TSP in Portland,
Oregon (US). They found an overall decrease in bus travel time, with major savings occurring

during peak travel hours.
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NDSU (2009) [B] evaluated TSP at three intersections near tbha@iege canpus in
Fargo, North Dakota (US). They found that TSP increased efficiency at two of the intersections

in peak hours, and increased efficiency at the other intersection at all times.

Zhou (2012) 99 eval uated Greenhouse Gas s¢c@edco s) E
with the Going to the River Project in Portland, Oregon (US). The evaluation found that no
existing modeling program fully examines the impacts of a transportation project from shifting
the modes in any multimodal project. The paper presentédske pl anni ng met hod:

resulting from transportation improvements.

4.3 VISSIM Literature Review

This literature reviewwas used to determine what methods have been used to validate

and calibrate the VISSIM models.

4.3.1VISSIM Calibration and Va lidation

Pande at al.(2012 [30], published information at the Mineta Transportation Institute on
the modeling, calibration, and validation of a VISSIM traffic flow simulation in Southern
California. The developed model network required large amountstaf including roadway
geometry, traffic signal timing and signal coordination, and turning movement volumes. The
turning movement volumes at signalized intersections were utilized in the validation and use of
the GEH statistic. Once the VISSIM model weadidated it was used to simulate different

scenarios of testing emergency plans for downtown San Jose, California.
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Vaiana, Gallelli, 2011 B1], had performed research in Italy on roundabouts design and
reliability of the functional design using the r#sufrom micresimulation programs. This
requires the knowledge on how many and which input parameters are necessary for the model
inputs. This research included the calibration process and the comparison of model parameters
with real world data. Thiapproach allows for the model to realistically represent thearedd
traffic. Their goal was to minimize the discrepancies between the 4silondation models and
observed field data.

Oketch, Dilwaria, 2011 [2], described the calibration and validati@f a micre
simulation model in Niagara Falls, Ontario for large urban networks. This model was used to
assess traffic operations along with traffic management which included the deployment of
Intelligent Transportation Systems in the tourist areas agétia Falls. This network included
freeways, arterials, and collector roads including ninety traffic signalized intersections. The
calibration focused on PM peak hours with comparisons of modeled and observed traffic
volumes.

Oketch, Carrick, 2005 [33, preseted a papeto TRB on the calibration and validation
for a network analysis of a swu#tiea in Niagaa Fals, Ontario sing the micresimulation nodel
Paiamics. The calibration included comparing the migionulation model to the collected field
data br traffic volumes, and turning movement counts at intersections. It also measured the

effectiveness of average travel times and approach queues.
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4.4 Summary of Literature Review

The literature review found that many studies of TSP found that itedidce transit
travel times and increased ridership as schedule reliability increased. Several of the studies
included whether side street signalized intersections were impacted by TSP and found that there
were minimal impacts to the side streets. Datitection was a key in the development of

VISSIM modeling as several studies found.

The importance of this literature review was to determine what had been done previously
and whatstudies of TSP found the systems to be beneficiawas critical in develping the
methodologies and data collection necessary forrésgarch off SP in the Orlando area. This
study wouldhelp tosupport whether to continue with the TSP developed onfesé corridor

for inclusion into other corridors of Central Florida.

The literature review hadound thatlittle research was performed on bus passenger
savings of TSP. To determine these parameters, we collected the necessary data by riding the
bus to determine travel times, stop delays and any bus delays. This dgiarisunt to evaluate
if the TSP system is effectiv@ n should be considered for expansion. Data collection also
revealed discrepancies between the real world and simulatibme data collection team
encountered delays in real world scenarios involviagspnger boarding and alighting that are
difficult to simulate. This experience allowed the research to understand factousidsst
human control, including delays caused by weather. Passenger travel times can be simulated, but
real world data allowede research team to better understand reasons why the simulation output

is difficult to explain and differs from the real world. Actually riding the bus gave the research
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team a comprehensive understanding of all the dynamics that affectave$ timesand

passenger delay
The importance of TSP was even noted in a 2011 article in the Orlando Sentinel

regarding the Cityods wupgr ade vehidles (fire)iagdnladr pr e e

adaped to TSP for transit (Tracey, 201B¥]
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CHAPTER FIVE : METHODOLOGY

Several aspects of data collection were necessary to provide for a before and after
comparison. There are threeenariosduring which delay, travel times, and passenger counts

were collectednd are as follows:

5.1 The No TSP scenario(the before)

During the months of March and early Ap2i013, the existing TSBystemwas turned
off at the signal controller for real world data collection to occur with the base signal timing.

This required a field technician to physically turn off TSP at eacitroller cabinet.

5.2 The Unconditional TSP scenario

For a three week period #pril 2013, the existingynconditionalTSPsystemwas made
operational (enabling the TSP at the signal controller) and data collectomed with every
bus, regardless oschedule, receiving unconditional priority treatment at the sev@R

signalized intersections.

5.3 The Conditional TSP Scenario(the after)

Once conditional priority was established, a final set of data was collected from June to
SeptembeR013 for comprison against the abogeenarios This involved the operational bus
TSP emitter connected to the AVL system on the 16 equipped LINK 8 buses. The system was
programmed to activate the TSP emitter if the bus was 3 minutes or more behind sdtiedule
conditional priority behind schedule time was chosen as 3 minutes or more behind schedule as
part of the system programimngthe TSP system architectuaedthis 3 minute policy was
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adopted by YNX. It should be noted thalh¢ 3minutesbehind schedule tim@as lower than

the industry standard of 5 minut@doos, 2003.

Anot her esobldetedwas passenger count i nfor
This data was rdvpeewkdpassemrger mvakumes. Pa:
obt ai nedee obust I|-Drnkse Corthdot where the 1inte

|l ocatedt bet svegmal i zed i nt efrsrem®a dognhss toofn ¢F uBno ug pe
and Universal Bouli ekar dver eTBhi S8Ar aemebadhted o
Li nanBtisvienceonhhasinE8@qhhiecbpeds.
Partof this researctstudyinvolved the amalysis of the data collectedandto determinethe
bestway to velify if the TSPwasor wasnot effective in this corridor. Severalscenaros were
consdered. The datawasandyzedfor ddays at each intersetion usng the beforedaa (No
TSP) and compating it to the afer data (Condtional priority). One areaconsderedwasthe
dday timesat eachbus gop that occurredbut there are many variabdesbeyond our cotrol that
affect this delay Delays canoccurdue toassimple a reasorasa paron looking for changea
paron askng for diredionsor anunusudly heary passengdoadat a patticularstop.St at i st i c a
anal ysierfvolrmetbeupi | wizlibhighe hs sed aitm aaeatdai | i n
Several scenariowereused forVISSIM modelingutilizing the data collectetb optimize
the schedule time for bes running behind schedul®©ther modelingncluded the devéopment
of modek to determine the average speed profile, aherage travel timg turning movement

countsat all signalized intersectiomsd arterial performance along the corridor.
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CHAPTER SIX: SYSTEM ARCHITECTURE

The engineering firm Kittelson andissociates in Orlando, Florida (US) designed and
implementd the TSP system architectureigiire 6) and ran test runs to validate the system
(Freeman, 201826]. They were under a design consultant contract to the city of Orlando.

The basic system architture was composed of two major sylstems based on the US
National Transportation Communications for Intelligent Transportation System Protocol
(NTCIP) 1211 terminology. This includes a LYNX Conditional Priority Request Generator
(PRG) and a City of Gaindo Priority Request Server (PRS). However, given limitations in the
current components of the system architecture, a transitional hybrid system was needed. This
transitional system would use the existing distributed architecture with an unconditionanPRG
the bus and a PRS in the traffic signal which receives the priority request. The transitional
system would provide a conditional function provided through an upgrade to the Automatic
Vehicle Location (AVL) system and the LYNX (Transit) Fleet Managen@arter (FMC) to
the Cityds Traffic Management Center (TMC) cc
developing a PRS at the TMC.

In order toestablish Conditional priority, the installed AVL system allowed LYNX the
reattime ability to monitor ortime bus performance and the AVL updatéghe bus location
every 30 seconds. This allowed LYNX to control whether or igotad priority is granted to any
equipped bus. This is important for transit riders, as running ahead of schedule is considered
worse than running behind. If the bus is ahead of schedule, the transit rider may miss the bus if
they arrive when the bus isleduledo arrive, but the bus has alreaatyived andeft to travel

to the next transit stop.
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Part of the development of the sy% architecture, was to define that eight (8) seconds of
green extension as the minimum interval of time necessary to warrant the use of TSP. The seven
signals on 4Drive operate on three time of day coordination patterns that coordinate the traffic
movement on {Drive. This is except for Kirkman Road that has coordination movements on
Kirkman Road (a major north south roadway). The traffic signals at Del Verde Way and
pedestrian signal at Steon are running at half cycle length © second while the other
signals run at 150 to 180 seconds depending on time of day. Table 1 has the signal cycle lengths
(in secondsjor all seven TSP signals. The range of cycle length is due to time of day.

Table 1: I-Drive study area signal cyte length (seconds)

Source of data: City of Orlando

Location Cycle Length (Seconds)
Universal Boulevard 150 to 180
Ped Signal at Sheraton 75
Kirkman Road 150 to 170
Grand National 150 to 170
Municipal Drive 150
Del Verde 75
Fun Spot Way 150

Usingthe NAZTEC TS2 controller, it has two options to modify the split patterns for the
signals. These two options are MAX Extend and MAX Reduce. The MAX Reduce is the
maximum amount of green time that can be reduced fromtraosit phases during the TSP
pha® (either unconditional or conditional). MAX Extend is the sum of the MAX Reduce in that
same ring. This ring is also called the continuous loop in which the signal control organizes
phases by grouping them and separates the crossing streets withttueenbehen they operate
by making the movements either sequential or adding a barrier between the conflicting

movements.
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The conditional priority behind schedule was chosen for three minutes or more behind
scheduleas part of the system programing by thgl&son team and LYNXAs noted before,

this timewas lower than the industry standard of five minutes behind sché€loles, 2001)(11)

TSP Physical Architecture

LYNX City of Orlando
Operations Center Traffic Management Center
icle | 5
Schedule, ::Sh:: 3'\?:‘:::“'“0"’ :;::r:: spast Traffic volume,
Dynamic Message, etc 8 ! local signal plans

Video Image, etc strategies

Transit Vehicle TSP Request Server in
Traffic Signal Controller

AVL GPS Receiver

*Download bus schedule
*Transit vehicle positio *Conditional TSP Criteria
*Send bus position and
other data to transit
dispatch center

*Bus Arrival Time Projection

~Update bus position
~Calculate bus arrival time
~ Project bus arrival ime to normal traffic
signal timing plan

*Request TSP bus arnval, if conditions are met

TSP Request Generator

*Check Bus Schedule Bus Arrival ¢ TSP Request

*Allow TSP Request “Lat
*Long
*Speed Traffic Controller
Opticom GPS Receiver *Heading
+Opticom vehicle position | *Priority Level Will arrive in No adjustment Signal Head

*Veh. ID normal green Status
(J1708) *Turn Signal ,
Will arrive in max 5
Conditional Priority Status Bus Arrival T Green Extension
Confirmation Message | e -
will arrive
Opticorn Request Broadcast \ in Red s
*Broadcast Location L ol
*Heading
“Speed Legend:
- Wireless Dota Communication

— Cabke Data Commun ication
K KITTELSON & ASSOCIATES, INC.
................. NS AR INAIOLA NN

Figure 6: TSP systemarchitecture developedby Kittleson and Associates

6.1 Signal Preenption Hierarchy

Ther seardecalel s of signal preempti on: railr
preemption and transi't preempti on. The high
vehicle preemption being tiherinteyxti shighest owe

preempti on. At a TSP equipped traffic signal
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signal , it wi | | override any transantd TpSP vdsidg

priority to the emergency vehicle
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CHAPTER SEVEN: DATA COLLECTION

The data collection involved the review of past traffic studies including traffic volumes
from the Florida Department offransportation (FDOTgount stations osouthKirkman Road
an Orange County Public Workiata basemtraffic countsand anl-Drive Area Transportation
Study conducted byHNTB in 2007 [35]. In ths latter study, Synchro files used the Orlando
Urban Transportation Study (OUTS) results and model as a background. Ther&@67
volumes projectedo future yearswere higher tha the actual tube countvolumes foundin
September 2012 and June 20#8¢e tothe decrease of tourist travel to Orlando during the

economic recessiahat began ir2008.

7.1 Passenger Counts Data Collection

Passenger counts veeprovided by LYNX for October 2011 to February 2012 and were
used to determine the peak hours of passenger demaidythe statistical program JMP
developed by SASThe counts are shown in Appendix The peak hours for passenger demand
were between thieours of 4:00 PM to 5:00 PMJonday through FridayFigure7). To ensure
thatthe collected databccurredduringthese peak hourg was determinedo collect passenger
counts between the hours of 3:00 PM and 7:00PM (Tuesday through aywursdhis dead
collectioninvolved a team of UCF students nnd) the busfrom the beginningf the test corridor
at Wetn-Wild (Universal Boulevard) to the end of the test corridor at the Prime Outlets (Oak

Ridge Road).
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Figure 7: Passengercount data from October 31 to Novembed 8, 2011, and from January
9 to February 1, 2012, Bivariate Fit of Load by Time (Data Source LYNX)

7.2 Discussion of Data Collection

Traffic vol umesa weagd@&TEwnfct pdebtdsmiyng resear
Uni veTrsanyp Cretndteiron uaeéd groyeotf Orl ando using
sever al | ocations a8 0/bget App ElWIFLCdP®roj(dectgumwa
collaborative effort between the University of Central Florida (UCF) andd@dnternational
University (FIU) and the projectwast i t Performarice Measurements of Transportation
Systems based on Fu@rained Data Collected by AVI and AVL Systeme s ponsored b
Georgia Institute of Technology University Transportation Qente

As part of the et £i tyl ¢ da@ipdearnaelfod ortt he t ma
support was used eactouKdinri hmga nrmboRceank stt @ nt er sect i
9)I n addition, turning movFeunmge 0 ,WaMumti < i weal e Dp
Grand National Drive anadsUmigverrs acloaigvuilldeevaar rdd

caméiFa gluGa eld)(sereppendiox BDra)f fic counts
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Handteld Count

Figure 10 Tur nioawe mwnutnt s using hand held board

Figure1l: Vi deott@ampmimgyge ment s aBo ulUreivvaerds al

andDrli ve (|l ocated at southwest corn
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7.2.1Photos offield data collection equipment

JAMAR TECHNOLOGIES, ING

|

glez/aliol

Figure 12 J AMA® u hd arusile d maomuwaunttar noimnge ment s

Figure 13 Tr acf da n useed spfeoewd | u me se hairatdlasca i if o n' s

Fi gu2emsiBare cl ose up views of the JAMAR <co
speed and volumaband TkeeladddAMARerated byra fi el
| at erupdatda ng into the computer progr am. Tr
technicians and taulichsaheddtr @< g he b ena raeue dowreayt i &n
Theyrarernedcdtlay faf idaéwto@ rd a yc ocnot u mntaugp udstBrhde draa va

upl oaded tfoora Ilcaotmprutperri ntout .
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7.3 Signal Timing Data Collection Efforts (Split History)

Tke signadalnftoirmiarig on was recorded by the Cit
Cen{dM@nd uwsaesd i n t hte dodfeviehep¥he8SI M simul ati o

corrsidomal dati amni 8 @gseheotwsn airne EAppendcdi extremely i

deveanoppti mized model for signal timing whioch
trafdgquei mBPdgnali zed intersections. Two such
and Kirkaaae ®Rajjadr i nat ehrisgehc tvioo nusmewiotfh traffi c a
would severely impact the roadwali okewodkwed /

cyclleenig$ hrecorded and stored by the City of C
t heir. TIME@lown i @4 TFhiegugpel idf htitsd oT filRlscwatne dl or

Appendi x F
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Figure14:Spl i ty hexsdampDrei soenr(t e : City of Orl an
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