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ABSTRACT 

This research demonstrated the effectiveness of Transit Signal Priority (TSP) in 

improving bus corridor travel time in a simulated environment using real world data.  TSP is a 

technology that provides preferential treatment to buses at signalized intersections.  By 

considering different scenarios of activating bus signal priority when a bus is 3 or 5 minutes 

behind schedule, it was demonstrated that bus travel times improved significantly while there is 

little effect on delays for crossing street traffic.  The case of providing signal priority for buses 

unconditionally resulted in significant crossing street delays for some signalized intersections 

with only minor improvement to bus travel time over both scenarios of Conditional priority. 

Evaluation was conducted by using micro-simulation and statistical analysis to compare 

Unconditional and Conditional TSP with the No TSP scenario.  This evaluation looked at 

performance metrics (for buses and all vehicles) including average speed profiles, average travel 

times, average number of stops, and crossing street delay.  Different Conditional TSP scenarios 

of activating TSP when a bus is 3 or 5 minutes behind schedule were considered.  The simulation 

demonstrated that Conditional TSP significantly improved bus travel times with little effect on 

crossing street delays.   

The results also showed that utilizing TSP technology reduced the environmental 

emissions in the I-Drive corridor.  Furthermore, field data was used to calculate actual passenger 

travel time savings and benefit cost ratio (7.92) that resulted from implementing conditional 

TSP. Conditional TSP 3 minutes behind schedule was determined to be the most beneficial and 

practical TSP scenario for real world implementation at both the corridor and regional levels.   
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 TERMINOLOGY  

 

Alighting: A passenger that is exiting 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 communications and are then used immediately to correct 

scheduling and other operational deviations. [1] 

 

Automatic Passenger Counts (APC): APC systems are electronic machines that count the 

number of passengers that board and alight at every bus stop. [2] 

 

Boarding: A passenger entering the bus vehicle. 

 

Bus Rapid Transit (BRT): ñBus 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 for greater efficiency. Its better performance and stronger image result in greater 

passenger attraction than regular busò. [3] 

 

Bus Route Trajectories: These are drawn using the average bus speed and average signal and 

stop delays. 
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Coefficient of Determination: this is also known as R
2
. It indicates how well the data points fit a 

line.  

Conditional Transit Signal Priority: Is the granting of transit signal priority for a transit vehicle 

that is behind schedule by a predetermined amount of time. In this research, 3 minutes and 5 

minutes were used. 

GEH Statistic: This is a formula used in traffic engineering, traffic forecasting and in traffic 

modeling that compares two sets of traffic volumes and was invented by Geoffrey E. Havers in 

the 1970ôs while working in London, England. [4] 

 

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

with secure radio communication to gain preemption or priority at equipped intersection. [5] 

 

Least Square Regression Models: ñThis is an approach fitting a statistical model to data in cases 

where the idealized value or values provided by the model for any data point is expressed 

linearly in terms of the unknown values of the model. The resulting ñfitted modelò can be used to 

summarize this data, to predict any unobserved values from the same model, and to better 

understand the modelò.  [6] 

 

PRG: Priority Request Generator is responsible for initiating request for priority based on a 

defined criteria, which may be unconditional (e.g., priority automatically requested for all transit 

vehicles on certain routes) or conditional (e.g., priority requested for transit vehicles that are 

behind schedule by more than 5 minutes). [7]    
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PRS: Priority Request Server [7]: This is the in-cabinet equipment Opticom phase selector.  

 

Transit Signal Priority: An operational strategy that facilitates the movement of in-transit 

vehicles through traffic controlled intersections. It modifies the signals operation. [7] 

 

Split: This is a portion allocated to each of the various phases in a cycle (signal) and is usually 

expressed as percentages [7]. 

 

Transit Signal Preemption:" Differs from Transit Signal Priority, which modifies the normal 

signal operation process to better accommodate transit vehicles, while preemption disrupts the 

normal process for special events (e.g., a train approaching a grade crossing adjacent to a signal, 

emergency vehicles responding to an emergency call)ò. [7] 

 

Type 170: This is a particular type of traffic signal controller. [7] 

 

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

vehicle regardless if the transit vehicle is behind schedule or not.  
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CHAPTER ONE: INTRODUCTION  

 

Traffic signal preemption is a type of system that modifies the normal operation of traffic 

signals that can accommodate transit vehicles.  One of the most common uses of these systems is 

to control traffic signals in the path of an emergency vehicle by stopping conflicting side street 

traffic and allowing the emergency vehicle the right-of-way through a signalized intersection by 

the signal controllers dropping the coordinated operations.  It allows a reduction in the critical 

emergency response times and enhances overall traffic safety. Signal preemption has also been 

used at railroad grade crossings to prevent vehicleïtrain collision, by light rail systems and by 

bus rapid transit (BRT) systems to allow for the public transportation priority access through 

intersections to ensure they remain on schedule and improve commuting times.  In this 

dissertation, TSP will be used for a bus transit system operated by LYNX, the Central Florida 

regional transit agency. 

Over the past few years, emergency vehicles (e.g., fire and ambulances) have been the 

predominant users of signal priority. However, a growing number of cities including Orlando, 

Florida have been looking to expand this to transit systems as a way to potentially increase 

efficiencies of their transit systems by the use of TSP.  Smithôs (2005) [7] research stated that, 

ñTSP is a tool that can be used to help make transit more reliable, faster and more cost effectiveò.  

 The City of Orlando has installed the Opticom GPS system at several signalized 

intersections in an effort to reduce emergency vehicle response time by providing signal priority. 

They have installed GPS equipment at 181 traffic signals with 100 on the Florida State Highway 

System and 81 off-system.  This also included the installation of GPS emitters in 61 vehicles 
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with 57 Orlando Fire Department (OFD) vehicles and 4 city of Orlando traffic signal 

maintenance vehicles.   

This corridor covers the Orlando transit system operated by LYNX (the government 

agency responsible for area transit service).  Specifically, it will cover LYNX bus route 8 (Link 

8) on International Drive (I-Drive) including seven TSP signalized intersections at Universal 

Boulevard, South Kirkman Road, Grand National Drive, Municipal Drive, mid-block pedestrian 

signal (Sheraton), Del Verde Way, and Fun Spot Way (formerly Touchstone).  It should be noted 

that the seven TSP signals are interconnected.  The Ethernet connections inside the signal 

cabinets allow for the signals to communicate with each other.  In addition, there was a 

coordinated pattern on I-Drive with serial fiber allowing communication with each signal with 

the cycle level offset driving the coordinated phase. 

TSP technology has also been recommended as an Intelligent Transportation System 

(ITS) technology for Bus Rapid Transit (BRT) and other integrated on-board systems.  Further 

analysis in this dissertation will provide a better understanding of TSP effects under different 

traffic conditions, determine the overall impacts of the TSP system on the local traffic network 

including side street signal delay, improve bus travel time and delay while minimizing the 

impacts on 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 be provided in the 

literature review section of other systems throughout the United States (US) and other 

countries.  However, the main focus in this dissertation will be on the implemented GPS 
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Technology in Orlando, Florida [5]. This TSP system is manufactured by Global Traffic 

Technologies (GTT) located in St. Paul, Minnesota (US).  There are several types of TSP 

systems; this project used OPTICOM
TM

 GPS Technology (GTT) as this was the type of system 

the City of Orlando had selected for emergency preemption.  This technology was chosen for this 

TSP research since the existing Intelligent Transportation System (ITS) infrastructure 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 the I-Drive test corridor, since the signals can travel around corners or 

obstructions.  I-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 necessary before the TSP 

system can be expanded.  In the era of government budget constraints it is necessary to show that 

a system will work and can be effective.  As such, the intent of this research is to test if the TSP 

system on I-Drive will work or not before it can be expanded to other transit areas in Central 

Florida.  Expansion of the TSP system without proper testing and careful evaluation can be a 

costly endeavor.  The agencies responsible for future expansion have to ensure that expansion of 

the TSP system is cost effective and beneficial to their patrons in reducing travel time and 

improving schedule reliability. Minimizing cross street delay through simulations is an 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 analyzed and used to calibrate and 
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validate the micro-simulation 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 vehicles and bus only, average travel times for all vehicles 

and bus only, and crossing street delay along the corridor (VISSIM). [8] 

The Orlando area is one of the top tourist destinations in the world with several major 

theme parks within the area including Universal Studios, Sea World, and Walt Disney World.  In 

the tourist areas bounded by Universal Boulevard, I-Drive and Kirkman Road are two major 

theme parks with Universal Studios and Sea World. The tourists and business travelers stay at 

the numerous hotels, and frequently visit the restaurants and shopping centers in these areas. 

These tourists also include business travelers that stay in this area during the many conventions 

at the Orange County Convention Center located on I-Drive (south of the study corridor) as well 

as the larger hotels. As such, many do not have vehicles and use the transit system, I-Drive 

trolley or taxi service.  In addition to tourists and business travelers, workers in the service 

industry use these transit services to travel to and from work places along the I-Drive corridor.  

This tourist commercial roadway serves high vehicular and pedestrian volumes. 

Field data collected was used to evaluate if the four scenarios of No TSP, Unconditional 

TSP, or Conditional TSP (3 and 5 minutes time behind schedule) decreases bus travel times 

which contributes to improving adherence to schedule making bus service more reliable from a 

customer stand point.  This was determined by comparing the corridor travel time with these 

three scenarios. 

Consideration for the type of field data required was evaluated through literature review, 

what data could be collected and what other data was available. The data collected included 

passenger counts, along with collection of signal and passenger delays by riding the Link 8 bus 
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in the corridor on Drive I-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 system. This collected data and available sources of data were used to model traffic using 

VISSIM.  

As some background, in October 2011, the City of Orlando had developed a 

demonstration project of TSP on I-Drive between Universal Boulevard and Fun Spot Way as part 

of the 18
th
 ITS World Congress held at the Orange County Convention Center in Orlando, 

Florida.  The demonstration of TSP was selected for the I-Drive corridor based on the existing 

signal system infrastructure maintained by the City of Orlando.  Minor upgrades were necessary 

to the traffic signal controller with TSP capability at seven (7) signalized intersections on I-

Drive.  Sixteen (16) Lynx buses on Link 8 were upgraded with GPS equipment to allow for 

communication of TSP requests to the traffic signal controllers.  For the initial testing, TSP was 

provided for any GPS transponder equipped bus serving Link 8 regardless of schedule or 

passenger count. 

It should be noted that the Link 8 bus service travels through the tourist corridor and 

serves as far south as the Orlando Premium Outlets on Vineland Road (south of SR 528, 

Beachline Expressway), the Orange County Convention Center, then as far north to downtown 

Orlando at the main bus terminal at Lynx Central Station (see Figure 1) [9].   
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Figure 1: A portion of Link 8 R oute that travels from the Orange County convention 

center to downtown Orlando at LYNX Central Station  (source: Lynx 2014)  

Limits of Project  

Convention Center 
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1.1 A Brief Discussion of LYNX 

 

The agency responsible for bus service in the Central Florida area as noted in the 

previous section is LYNX. This government agency was founded in 1972 as the Orange, 

Seminole and Osceola Transportation Authority (OSOTA). It became the Tri-County Transit in 

1984 and began doing business as LYNX in 1992 and officially changed their name to the 

Central Florida Regional Transportation Authority in March 1994. LYNX is in charge of 

coordinating public transportation for Orange, Osceola, and Seminole Counties. They operate a 

fleet of 270 buses on 71 local bus routes, called Links with service every day of the year. In 

2012, LYNX set another ridership record delivering more than 29.1 million passenger trips. Last 

year in 2013 they were on pace to exceed that record passenger trips by 4 percent. [9] 

1.2 Objectives 

 

The objectives of this dissertation were to: 

¶ Provide a better understanding of how TSP causes changes in different traffic  

conditions for both bus and regular vehicles.  

¶ Determine if TSP improves travel time efficiency by reducing travel time and  

delay for the bus.  

¶ Model the overall 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 effects before TSPôs regional implementation. 

¶ Compare Conditional TSP and Unconditional TSP with each other and with No  

TSP to determine the most beneficial and practical TSP scenario. 
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¶ Show that TSP can be used to create a more sustainable transportation system by  

reducing bus delay, travel 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 noted before, the City of Orlando implemented a demonstration project for transit 

signal priority (TSP) on a 1.1 mile section of I-Drive between Universal Boulevard and Fun Spot 

Way (Touchstone Drive) near Universal Studios (see Figure 2). For this initial pilot test or 

demonstration project, TSP was provided for any GPS transponder equipped bus serving Link 8 

regardless of schedule adherence or passenger count. After this demonstration project was 

completed at the end of October 2011, the unconditional TSP system was still active but did not 

have any follow up TSP study.   

 

In the middle of 2012, the City of Orlando determined that Conditional priority was 

needed to better evaluate the TSP system. Kittleson and Associates were 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 AVL). Since this corridor was already 

established for TSP in 2011, it was determined to expand the corridor to run a larger experiment 

and demonstration of conditional priority.  The focus of the new expansion was to test 

Unconditional and Conditional TSP settings, and to compare with the No TSP condition. The 

Link 8 schedule is shown in Appendix A. 
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Figure 2 shows LYNX Link 8 bus route through the corridor and the traffic signals 

equipped with TSP.  Even though there were seven (7) TSP equipped intersections, two rarely if 

at all had bus TSP calls.  These are Kirkman Road and the pedestrian signal at Sheraton. Fun 

Spot Way had some calls during Unconditional TSP but none during Conditional TSP.  This 

information will be shown later in the analysis of the signal preemption logs. 

 

Figure 2: Site map of I-Drive corridor with signal locations 
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Figure 3: I - Drive TSP corridor  

 

1.4 Land Use in the I -Drive Corridor of the Orlando Tourist Area 

 

 

As the nationôs economy has rebounded recently, it is anticipated that several new 

projects (namely hotels) will be under construction in the tourist area. This was evidenced by the 

recent construction of a new hotel at Universal Studios Cabana Bay (1,800 room hotel) and also 

the current construction of the Great Orlando Wheel on Universal Boulevard near the Orange 

County convention center. The I-Drive area is a very congested area and improvement to transit 

will benefit the area by possibly allowing more movement of people and goods. 

The Orlando I-Drive tourist area has a mix of hotels, restaurants and theme parks and will 

be defined as I-Drive, Kirkman Road, and Universal Boulevard that includes: 
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I - Drive (from SR 528 to Oak Ridge Road) 

¶ Shopping Centers including outlet malls 

¶ Restaurants 

¶ Convention Center 

¶ Hotels 

¶ Fun Spot Amusement Park 

¶ Sea World 

Kirkman Road (from Conroy to I-Drive) 

 

¶ Valencia College 

¶ Apartments 

¶ Universal Studios  

¶ Restaurants  

¶ Condominiums 

¶ Golf courses 

 

Universal Boulevard (from Vineland to I-Drive) 

 

¶ Hotels 

¶ Universal Studios  

¶ Restaurants 

¶ Citywalk Entertainment Complex at Universal Studios 

¶ Wet ónô Wild  
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CHAPTER T WO: DETAILS OF LYNX BUS ROUTE 8 ALONG TSP 

CORRIDOR 

 

Figure 3 illustrates the I-Drive corridor and shows both the eastbound to northbound 

movement, or eastbound direction, and the westbound to southbound movement, or westbound 

direction.  The eastbound route starts at bus stop 1, located at the tourist attraction of Wet ônô 

Wild, and ends at stop 9, near the shopping area of Orlando Premier Outlets, for a total distance 

of 10,190 feet.  The westbound route starts at bus stop 10, the Orlando Premier Outlets on West 

Oak Ridge Road, and ends at stop 17, Walgreens Pharmacy just south of the Universal/ I-Drive 

intersection, for a total distance of 10,243 feet.  This 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 equipped intersections. 

One signal location at the Sheraton Hotel, which is a mid-block pedestrian crossing, was 

not included in the study listing because the traffic signal rarely causes traffic to stop. This signal 

was equipped with TSP but only called for priority during the unconditional phase and as such 

was noted that it was not used in the analysis.  Only six signals were analyzed. 
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CHAPTER THREE : EQUIPMENT RE QUIRED 

 

Figure 4 below shows the equipment necessary for TSP at the traffic signal controller and 

the transit buses.  These photos show the GPS Antenna, GPS Phase Selector in the signal 

cabinet, controller in the signal cabinet with TSP settings, and the IR/GPS Emitter of the bus. 

The GPS antenna would be mounted to the mast arm or concrete strain pole at the signalized 

intersection.  The antenna would then be connected by cable to the controller cabinet electronics.  

The controller cabinet would include the GPS phase selector, the controller unit with the TSP 

settings and Ethernet communication equipment.  The latter would allow communication to the 

City of Orlandoôs Traffic Management Center (TMC) 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 bus by cable that allows for the bus location to be sent to the LYNX central office.  

The AVL would provide the bus location and would determine if the bus is behind schedule by 

three minutes or more. If this occurs it then activates the bus GPS emitter that would send a 

signal to the antenna at the TSP equipped intersection.  The components in the controller cabinet 

would then activate the TSP and either extend the green signal or truncate the red. This priority 

òcallò would then be recorded at the City of Orlandoôs TMC and be included in their preemption 

logs.  The preemption logs will be discussed in a later section. These logs for Unconditional and 

Conditional are located in Appendix B. 

Some older systems of TSP used both optical and infrared (IR) emitters that would 

transmit to a receiver at 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, the emitted signal could be 
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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 expansion, and 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 fire 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 decrease emergency 

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

 

Figure 4: TSP equipment required (source: Kittleson and Associates 2013) 
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Figure 5: TSP antenna at Del Verde Way and I-Drive 

Figure 5 is an example of the GPS antenna at one of the TSP signals at Dele Verde Way 

on the I-Drive corridor.  This location is near the curve on I-Drive that changes the I-Drive 

direction from the eastbound direction to the northbound direction and the southbound direction 

to the westbound direction. 

  

Concrete signal 

strain  pole Antenna 
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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] outlined how the City of Springfield, Massachusetts and the 

Pioneer Transit Authority (PVTA) were the first to install of that region of Massachusetts a 

Transit Signal Priority (TSP) system on one of the systems busiest transit routes on Sumner 

Avenue.  In 2001, the City 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 source to reduce automobile trips and improve air quality by increasing transit. The 

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 within 400 feet, 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 signal timing.  

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 by 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 in the first four months.  It was reported that ridership had increased 

8% for October 2006 compared to the previous time period of October 2005.   

Kloos (2002) [11] 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 that the GPS system had best met 

their objectives as they had used this type of system for fire preemption in Portland.  This is the 

similar type of TSP system that the City of Orlando uses for fire preemption and later for bus 

priority. 

The workshop discussed the use of bus controller communication methods that it shared 

with the Portland Fire Department.  Various TSP methods were tried including green extension 

and red truncation as well as providing queue jumps where the bus would ñjumpò the traffic 

queue at a signal.  They began their studies in early 1993 on Powell Boulevard. The GPS system 

coupled with AVL system allowed for a 10% reduction of travel time in the peak period and an 8 

to 10% on time performance. 

Wang et al. (2008) [12] studied the South Snohomish Transit Signal Priority (SS-RTSP) 

that had been installed on two corridors including 164
th
 Street SW corridor (Phase One) and on 

the SR 99 (Phase Two) in Snohomish County located in Seattle, Washington. The study 

quantitatively evaluated the impacts of the SS-RTSP system on both transit and local operations 

from the analysis of collected field data. The analysis found that the SS-RTSP provided positive 

benefits and had minimal impacts to side street traffic operations. The latter is always a concern 

to traffic operations engineers in any analysis of TSP. 

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

Canada [13] found that Toronto had over 14 yearsô experience with signal priority with 155 
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equipped intersections on streetcar routes with 115 equipped signalized intersections were on bus 

routes.  A six (6) intersection demonstration streetcar project began in 1990.  This involved 

controller pre-emption using simple algorithms.  From that demonstration project it found up to 

20% transit travel time reduction.  From that point the earlier algorithms were improved and pre-

empt functions were used for green extension and red truncations.  Since transit makes up a very 

important part of Torontoôs transportation network it was important to develop an efficient stem 

that carries between 31,000 and 52,000 passengers a day.  

In 1997 the Toronto transit signal priority was expanded to buses at 10 signalized 

intersections using infrared based vehicle communication [13].  This demonstration project 

found that transit delay decreased up to 46% and that cross street traffic was not adversely 

delayed (the latter is important so as not to disrupt cross street operations).  It also found that 

there were issues to the bus detection system with reflection of signal and missed detection 

issues because of equipment alignment issues using the line of sight infrared systems.  Several 

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 costs annually. 

4.2 Current TSP Literature Review 

 

There has been extensive research performed on TSP both nationally and internationally.  

As briefly discussed under Brief History, one of the research papers reviewed concerned the City 

of Portland, Oregon, which had developed a TSP system for their buses in the late 1990ôs (see 

section 4.1, Kloos).  With their system, buses that were more than a predetermined amount of 
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time behind schedule could receive transit signal priority at intersections to help them remain on 

schedule.   

Many of the studies conducted used VISSIM modeling to optimize the signal 

coordination with TSP.  There was also some other research that was devoted to resolve the issue 

of a system-wide traffic signal operation disrupted by the individual signal use of TSP.  This is 

always a concern with traffic operations engineers that TSP will disrupt signal coordination. 

Other research involved transit service performance before and after a TSP deployment.  Data 

was studied and analyzed to evaluate the performance and benefit of the TSP system.  As a result 

of one of the studies, the bus schedule was reduced by two minutes after TSP deployment was 

used to take full advantage of the conditional signal priority strategy. 

In Europe, studies conducted in Norway used a different approach.  These studies focused 

on the use of virtual loops based on the onboard bus computer as a foundation for priority 

requests to the traffic lights. Additional studies in Norway showed that the use of ITS in public 

transportation can provide a positive effect and be profitable from an economic perspective. 

It was also found that BRT leads to economic development and increased land value.  It 

also appears that home buyers are willing to pay a premium cost for a home with easier access to 

high quality transit service.  This would support the development of Transit Oriented 

Developments (TOD) as part of a responsible society. 

An area of concern is how TSP affects side street signalized intersections.  This was 

reviewed through in the following section as an important component of TSP evaluation. The 

literature review that follows is to determine what has been performed to determine what 

methods and tools have been used in previous projects including micro simulation to determine 

the impact of TSP on side streets. 
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H. Smith, B. Hemily, M. Ivanovic (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 an inexpensive 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) strategies for 

improving the performance of the LRT corridor. VISSIM, a micro- simulation 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 peak hours were 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 together with 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 corridor performance. 

Liao (2012) [15] indicated that as 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 to I-694. Transit service performance before and after 

the TSP deployment was studied to evaluate TSP benefits. As a result of the TSP deployment, 

bus schedule was reduced by two minutes to take full advantage of the conditional signal priority 

strategy. 

A wireless-based TSP algorithm 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 considered bus location, and speed and schedule adherence for priority request. A 

customized onboard-embedded system, namely UMN TSP, was also developed to interface with 

radio hardware and bypass the existing onboard TSP algorithm. The objective was to validate the 

UMN TSP algorithm and to compare its performance with the existing system by taking 

advantage of the already instrumented onboard equipment and roadside infrastructure.   

Buses equipped with the UMN TSP system communicate with the intersection signal 

controllers when they are approaching and pass through a signalized intersection. The link travel 

time and time point (TP) time (a geometric point in time) on the TSP-equipped route segments 

were compared. Test results indicated that the existing TSP implementation improves bus travel 

time by about 4 to6%. The UMN TSP algorithm gained an additional 3to 6% of travel time 

reduction as compared to other buses operating on the same route during a two-week test period.  

Pessaro and Van Nostrand (2012) [16] described an empirical method that was used to 

measure the before and after effects of TSP for the I-95 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 the TSPôs impacts on transit service.  

The measures included before and after results for travel times, on-time performance, 

components of delay (e.g., dwell time, signal delay, turn-out delay), as well as average signal 

delay per intersection. The results indicated a 12.1 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 on-time performance from 66.7 to 75 percent. The results confirmed that nearly 

every intersection experienced less delay with the TSP activated. As 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) [17] developed a multi-objective transit signal priority 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 maintenance, including conditional priority for delayed 

BRT vehicle and holding strategy for early BRT vehicle, in order to improve BRT schedule 

maintenance, headway maintenance and minimize the negative impacts on the non-prioritized 

vehicles with limiting their maximum delay. The VISSIM-based simulation results indicate that 

the proposed model can provide more reliable BRT service than which based on non-prioritized 

or non-differential signal priority strategy.  

Min Yang, et al. (2012) [18] analyzed two proposed control 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 through guiding and controlling 

the travel speed of buses so that the 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 busesô arrival so that we can adapt a more flexible control 

algorithm to provide signal priority for buses.  

The example is based on the BRT planning scheme on Shengli Avenue in Yingtan City 

(Jiangxi province) in the Peopleôs Republic of China, including BRT features like exclusive bus 

lanes, bus stops installed in 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 transit. It compared the three 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 how to improve public transit efficiency.  

Zlatkovic et al. (2012) [19] presented an analysis of different Transit Signal Priority 

(TSP) for a future Bus Rapid Transit (BRT) corridor in West Valley City, Utah. The goal was to 

find the optimal TSP strategy for estimated and planned traffic and transit operations. The study 

used VISSIM micro-simulation software in combination with ASC/3 Software-in-the-Loop (SIL) 

simulation. Four different models were used in the analysis: No TSP, TSP, TSP with phase 

rotation and Custom 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 for BRT in 

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 described strategies can be implemented in the 

field traffic controllers.  

Albright  and Figliozzi (2012) [20] focused on the effectiveness of conditional transit 

priority, or the manipulation of traffic signal timing plans to reduce delay of late transit buses. 

The integration 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) regulates the interaction 

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 also the impact 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. This research 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 

congested arterial corridor and utilized regression 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 problematic. Implications 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 

also describes the city of Portland (Oregon) in collaboration with TriMet (Portlandôs regional 

transit provider) and the Oregon Department of transportation implementation of TSP at more 

than 240 intersections on seven transit routes. It resulted in ñsmart ñ buses that would selectively 

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 truncation for non-bus phases.  They used the GPS system (similar to the 

City of Orlando) and an automatic vehicle locator (AVL) system.  This article also  

included a discussion of the decline of public agency funding and suggested an increase in the 

number of financial partners including private partnerships. 

Perk and Catal (2012) [22] discussed the impact to property value because of Bus Rapid 

Transit (BRT).  In this article they contend that as more BRT systems are planned and operating 

that more comprehensive understanding 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 systems in Pittsburgh, the East Bus way, and the Boston Silver Line Washington Street.  

From their studies they found that residents were willing to pay an additional cost for easy access 

to quality transit service. 

O. Tveit (2011) [23] presented a new TSP concept at the 2011 Intelligent Transportation 

Systems (ITS) World Congress held in Orlando, Florida. This new innovative TSP approach is 

called ñVirtual Loops for Traffic Signal Priorityò and describes the implementation of a new 

real-time system for buses that are also utilized as a basis for signal priority in Trondheim, 

Norway. The focus of 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 principle about the 

sytsem and gives some data about accuracy.  In this study, the lack of the local bus to 

intersection communication was highlighted. All data communication for bus positioning data is 

processed through GPRS connections to a central system. After processing the priority requests 

for the bus it is routed through a technical network towards the individual adaptive signalized 

intersection.
.
 

Welde et al. (2011) [24] presented their paper at the ITS World Congress called the 

ñEvaluating the Impacts of Real Time Passenger Information and Bus Signal Priorityò also in 

Trondheim, Norway. This included an evaluation of the impacts of real time passenger 

information and bus signal priority on public transport in the Norwegian city of Trondheim. The 

paper aims to expand the 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 operations disrupted 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 pre-timed 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 model to predict 

bus arrival time along its route.  The D-SPORT is based on different ANN architectures. 

Kittelson (2013) [26] did a before and after evaluation on TSP alongI-Drive in Orlando, 

Florida (US) (these are the same traffic signal locations that are evaluated 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 travel time southbound/westbound during the evening period.  

In the report this may have been caused by a 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) [28] evaluated TSP at three intersections near their college campus 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) [29] evaluated Greenhouse Gas (GHGôs) Emission reductions associated 

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 presented sketch planning methods for GHGôs 

resulting from transportation improvements.  

4.3 VISSIM Literature Review  

 

This literature review was used to determine what methods have been used to validate 

and calibrate the VISSIM models. 

4.3.1 VISSIM 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 amounts of data 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 was validated it was used to simulate different 

scenarios of testing emergency plans for downtown San Jose, California. 
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Vaiana, Gallelli, 2011 [31], had performed research in Italy on roundabouts design and 

reliability of the functional design using the results from micro-simulation 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.  This approach allows for the model to realistically represent the real-world 

traffic.  Their goal was to minimize the discrepancies between the micro-simulation models and 

observed field data. 

Oketch, Dilwaria, 2011 [32], described the calibration and validation of a micro-

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 of Niagara 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], presented a paper to TRB on the calibration and validation 

for a network analysis of a sub-area in Niagara Falls, Ontario using the micro-simulation model 

Paramics. The calibration included comparing the micro-simulation model to the collected field 

data for 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 it did reduce 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.  Data collection 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 what studies of TSP found the systems to be beneficial.  It was critical in developing the 

methodologies and data collection necessary for this research of TSP in the Orlando area.  This 

study would help to support whether to continue with the TSP developed on the I-Drive corridor 

for inclusion into other corridors of Central Florida. 

The literature review had found that little 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 data is important to evaluate 

if the TSP system is effective and should be considered for expansion.  Data collection also 

revealed discrepancies between the real world and simulation.  The data collection team 

encountered delays in real world scenarios involving passenger boarding and alighting that are 

difficult to simulate.  This experience allowed the research to understand factors not under 

human control, including delays caused by weather.  Passenger travel times can be simulated, but 

real world data allowed the 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 affect bus travel times and 

passenger delay. 

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

regarding the Cityôs upgrades to signal preemption for emergency vehicles (fire) and later 

adapted to TSP for transit (Tracey, 2011) [34] 
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CHAPTER FIVE : ME THODOLOGY  

 

Several aspects of data collection were necessary to provide for a before and after 

comparison.  There are three scenarios during which delay, travel times, and passenger counts 

were collected and are as follows: 

5.1 The No TSP scenario (the before) 

 

During the months of March and early April 2013, the existing TSP system was 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 each controller cabinet. 

5.2 The Unconditional TSP scenario 

 

For a three week period in April 2013, the existing Unconditional TSP system was made 

operational (enabling the TSP at the signal controller) and data collection occurred with every 

bus, regardless of schedule, receiving unconditional priority treatment at the seven TSP 

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 

September 2013 for comparison against the above scenarios.  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 schedule. The 

conditional priority behind schedule time was chosen as 3 minutes or more behind schedule as 

part of the system programing in the TSP system architecture and this 3 minute policy was 
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adopted by LYNX.  It should be noted that the 3 minutes behind schedule time was lower than 

the industry standard of 5 minutes (Kloos, 2002).   

Another source of collected data was passenger count information provided by LYNX.  

This data was reviewed to determine the peak passenger volumes.  Passenger count data was 

obtained for three bus links in the I-Drive Corridor where the intersections of interest were 

located between the signalized intersections of Fun Spot Way (formerly Touchstone Boulevard) 

and Universal Boulevard.  The three bus Links were 8, 37 and 42.  This research concentrated on 

Link 8 on I-Drive since this contained the 16 TSP equipped buses.  

Part of this research study involved the analysis of the data collected and to determine the 

best way to verify if the TSP was or was not effective in this corridor.  Several scenarios were 

considered.  The data was analyzed for delays at each intersection using the before data (No 

TSP) and comparing it to the after data (Conditional priority).  One area considered was the 

delay times at each bus stop that occurred, but there are many variables beyond our control that 

affect this delay.  Delays can occur due to as simple a reason as a patron looking for change, a 

patron asking for directions or an unusually heavy passenger load at a particular stop. Statistical 

analysis will be performed utilizing this data and will be discussed in detail in a later section. 

Several scenarios were used for VISSIM modeling utilizing the data collected to optimize 

the schedule time for buses running behind schedule.  Other modeling included the development 

of models to determine the average speed profile, the average travel times, turning movement 

counts at all signalized intersections and arterial performance along the corridor.  
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CHAPTER SIX: SYSTEM ARCHITECTURE  

 

The engineering firm Kittelson and Associates in Orlando, Florida (US) designed and 

implemented the TSP system architecture (Figure 6) and ran test runs to validate the system 

(Freeman, 2013)[26].  They were under a design consultant contract to the city of Orlando.  

The basic system architecture was composed of two major sub-systems 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 Orlando 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 unconditional PRG on 

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 Management Center (FMC) to 

the Cityôs Traffic Management Center (TMC) connection. This would provide the first link in 

developing a PRS at the TMC. 

In order to establish Conditional priority, the installed AVL system allowed LYNX the 

real-time ability to monitor on-time bus performance and the AVL updates of the bus location 

every 30 seconds. This allowed LYNX to control whether or not signal 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 is scheduled to arrive, but the bus has already arrived and left to travel 

to the next transit stop. 
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Part of the development of the system 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 I-Drive operate on three time of day coordination patterns that coordinate the traffic 

movement on I-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 Sheraton are running at half cycle length of 75 seconds while the other 

signals run at 150 to 180 seconds depending on time of day. Table 1 has the signal cycle lengths 

(in seconds) for all seven TSP signals. The range of cycle length is due to time of day. 

Table 1: I -Drive study area signal cycle 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 

 

Using the 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 from non-transit phases during the TSP 

phase (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 with time between when 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 

schedule as part of the system programing by the Kittleson team and LYNX.  As noted before, 

this time was lower than the industry standard of five minutes behind schedule (Kloos, 2001)(11) 

 

Figure 6: TSP system architecture developed by Kittleson and Associates  

 

6.1 Signal Preemption Hierarchy  

 

There are several levels of signal preemption: railroad preemption, emergency vehicle 

preemption and transit preemption.  The highest level is railroad preemption with emergency 

vehicle preemption being the next highest.  Transit signal priority is the lowest level of 

preemption.  At a TSP equipped traffic signal, if an emergency vehicle approaches the traffic 
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signal, it will override any transit TSP signal that has been sent to the controller and provide 

priority to the emergency vehicle. 

  



 

37 

 

 

CHAPTER SEVEN: DATA COLLECTION  
 

The data collection involved the review of past traffic studies including traffic volumes 

from the Florida Department of Transportation (FDOT) count stations on South Kirkman Road, 

an Orange County Public Works data base on traffic counts, and an I-Drive Area Transportation 

Study conducted by HNTB in 2007  [35].  In this latter study, Synchro files used the Orlando 

Urban Transportation Study (OUTS) results and model as a background.  The 2007 traffic 

volumes projected to future years were higher than the actual tube count volumes found in 

September 2012 and June 2013, due to the decrease of tourist travel to Orlando during the 

economic recession that began in 2008.   

7.1 Passenger Counts Data Collection 

 

Passenger counts were provided by LYNX for October 2011 to February 2012 and were 

used to determine the peak hours of passenger demand, using the statistical program JMP 

developed by SAS. The counts are shown in Appendix C. The peak hours for passenger demand 

were between the hours of 4:00 PM to 5:00 PM, Monday through Friday (Figure 7).  To ensure 

that the collected data occurred during these peak hours, it was determined to collect passenger 

counts between the hours of 3:00 PM and 7:00PM (Tuesday through Thursday).  This data 

collection involved a team of UCF students riding the bus from the beginning of the test corridor 

at Wet-n-Wild (Universal Boulevard) to the end of the test corridor at the Prime Outlets (Oak 

Ridge Road).  



 

38 

 

 

 
 

Figure 7: Passenger count data from October 31 to November 18, 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 volumes were collected by a team of UCF students performing research on a 

University Transportation Center (UTC) project and City of Orlando using pneumatic tubes at 

several locations along the corridor (Figure 8). (See Appendix D) The UTC Project was a 

collaborative effort between the University of Central Florida (UCF) and Florida International 

University (FIU) and the project was titled ñPerformance Measurements of Transportation 

Systems based on Fine-Grained Data Collected by AVI and AVL Systems,ò sponsored by the 

Georgia Institute of Technology University Transportation Center.       

As part of the data collection effort, the City of Orlando video camera on the mast arm 

support was used at Kirkman Road to record turning movements at this intersection (See Figure 

9).  In addition, turning movement counts were performed at Fun Spot Way, Municipal Drive, 

Grand National Drive and Universal Boulevard by either using a Jamar count board or by video 

camera (Figures 10 and 11) (see Appendix D for traffic counts).  
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Figure 8: Pneumatic tubes used for vehicle classifications near Fun Spot  

Way on northbound I-Drive 

 

 

Figure 9: Traffic camera on mast arm signal and antenna at Kirkman Road and I-Drive 

   

Also acquired were the City of Orlandoôs signal split histories for all seven TSP signalized 

intersections and these were later utilized in VISSIM modeling (See figure 14). 

 

Traffic Camera 

GPS Antenna 
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Figure 10: Turning movement counts using hand held board (Jamar)  

 

 

 
 

Figure 11: Videotaping turning movements at Universal Boulevard  

and I-Drive (located at southwest corner)  

  

Video 

Camera 

Handheld Count 

Board 
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7.2.1 Photos of field data collection equipment 

 

 
 

Figure 12: JAMAR count board used for manual counts of turning movements 

 

 
 

Figure 13: Traffic counter used for speed, volumes and vehicle classifications 

 

Figures 12 and 13 are close up views of the JAMAR count board and traffic counter for 

speed and volumes.  The JAMAR is a hand held device and operated by a field technician for 

later data uploading into the computer program.  Traffic counters are deployed by field 

technicians and attached to pneumatic tubes that stretch across the roadway and are automatic.  

They are returned by field staff after a two day count (48 continuous hours) and the raw data 

uploaded to a computer for later printout.   
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7.3 Signal Timing Data Collection Efforts (Split History) 

 

The signal timing information was recorded by the City of Orlando Traffic Management 

Center (TMC) and was used in the development of the VISSIM simulation modeling for this 

corridor. Signal timing data sheets are shown in Appendix E.  It is extremely important to 

develop an optimized model for signal timing which will minimize disruptions to the intersecting 

traffic at equipped TSP signalized intersections.  Two such intersections at Universal Boulevard 

and Kirkman Road are major intersections with a high volume of traffic and any additional delay 

would severely impact the roadway network.  A sample of the split history which includes the 

cycle length is recorded and stored by the City of Orlando Traffic Engineering Department at 

their TMC. This is shown in Figure 14. The split histories of the TSP corridor are located in 

Appendix F. 
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Figure 14: Split history example on I-Drive (source:  City of Orlando) 






















































































































































































































































































































































